PROCESS FOR THE FABRI CATI ON OF THI N-FI LM DEVI CE AND THI N- FI LM DEVI CE
BACKGROUND OF THE: | NVENTI ON This invention relates to a fabrication process
of a thin-filmdevice and also to a thin-filmdevice, and specifically to
a process for fabricating a thin-film device, which is useful in aliquid
crystal display, organic electrolumnescence display or the |ike, by
formng the thin-filmdevice on an original substrate having high heat

resi stance and then transferring it onto an application substrate and al so
to the thin-filmdevice obtained by the fabrication process. In recent
years, thin-fil nFBEGEESs FRRe THE: EPPRAGAT IO RENFHLY FLRM: REB¥JEEr educt i on,
wei ght reduction and solidness under the influence of a nove toward

smal | er equi pment i n which tRND FRINSSdM DBVIGE ation is, however,

i nposed on substrates for use in fabrication because thin-filmdevices are
fabricated in a high- tenperature vacuum environnent. Enployed, for
exanple, in a liquid crystal display which nmakes use of thin-film

transi st or RAEKeROUNDC @rs Uing matvesTaamabl e of withstanding tenperatures up

to 1,000C or glass substrates capable of wthstanding tenperatures up to
500C. Thickness This invention relates to a fabrication process of
a thin-film device and alsc to a thin-film device, and
specifically to a process for fabricating a thin-film
device, which is useful in a liquid crystal display,
organic electroluminescence display or the like, by
forming the thin-film device on an original subskrate
.having high heat resistance and then transferring it onto
an application.substrate and also to the thin-film devicé
obtained by the fabrication process.

In recent years, thin-film devices are receiving a
demand for thickness reduction, weight reducticon and
solidness under the influence of a move toward smaller
egquipment in which-théy are used. A limitation is,
however, imposed on substrates for use in fabrication
because thin-film devices are fabricated in a high-
temperature vacuum environment. Employed, for example, in
a liqﬁid crystal display which makes use of thin-film
transistors are silica substrates capable of withstanding

temperatures up to 1,000°C or glass substrates capable of

withstanding temperatures up to 500°C. Thickness



1 reductions of these substrates have been studied but, insofar as silica
substrates or glass substrates are used, the substrates have to be reduced
in size to cope with a reduction in rigidness so that the productivity is
reduced. Further, a reduction in the thickness of a substrate imediately
| eads to a significant reduction in solidness, thereby devel oping a
practical problem As is appreciated fromthe foregoing, there is a
difference between the performance required for an original substrate and
t he perfornmance negggred pon actually using the thin-filmdevice.

Attenpts h&FESSEE et ¢ SEATER LA ke Atddss Srs directly

on plastic substrates which permt thickness reduction, weight reduction
and sol i dné#$H@dr Arenbhticahadesbrdenptar ghanevepbstrhebb§easpgmistleant
difficulties fromthe standpoint of the maxi mum w thstand tenperatures of
the plastithesgydrsitaades hamssttiogde aesivunade in vdrzef droe copgewirtdde on
techniques for transferring a thin-filmdevice, which has been fornmed on
an ori gi nalresiyiegticat é rhavigiginests gle tieed e wirtchiBtcaridr ittgnper at ure, onto an,
application substrate. For this transfer, it is necessary to separate

reduced. Further, a reduction in the thickness of a

substrate immediately leads to a significant reduction in

solidness, thereby developing a practical problem. As is

appreciated from the foregoing, there is a difference

between the performance required for an original

substrate and the performance required upon actually

using the thin-film device. Attempts have alsoc been made

to fabricate thin-film transistors directly on piastic

substrates which permit thickness reduction, weight

reduction and solidness improvement. These attempts,

however, involve significant difficulties from the

standpoint of the maximum withstand temperatures of the

plastic substrates.

Investigations have, therefore, been made on

techniques for transferring a thin-film device, which has

been formed on an original substrate having a high

maximum withstand temperature, onto an application

substrate. For this transfer, it is necessary to separate

only the thin-film device from the original substrate.

Certain methods have been proposed for this purpose,
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only the thin-filmdevice fromthe original substrate. Certain nethods
have been proposed for this purpose, 2 including provision of a renpvable
| ayer and subsequent etching of the renovable |layer with a chem cal
solution to separate a thin-filmdevice |ayer and an original substrate
fromeach other (see, for exanple, PCT International Application No.
W02/ 084739, page 9 and FIG 2) and renoval of an original substrate in
its entirety by etching (see, for exanple, ibid., page 9 and FIG ID). For
the renoval of an original substrate with a chemcal solution subsequent
to the fornetricmdifnga pireivisibnl of deviesowblde ordrgianal sabbstnahe, it is
necessary to forma protective layer wwth a thin filmbefore the formation
of the devi cedlbyer ofuthet hamovhlel e heayenlwitsolatdiemiicaipsevanied feom
penetrating to the device |ayer. However, a thin-filmlayer formed by
sputtering, seppetedepdditn-tninrdSviré slgenerald wraeedmpaniled by a problem
that it contains nore or | ess pinholes and a chem cal solution may
penetrat e t cubdendtee flrayeeathr otgbr {heepi Hbol @sat clarmage t he devi ce
| ayer.with the chem cal solution. SUMVARY OF THE | NVENTI ON

International Application No. W002/084739, page 9 and FIG,

2} and removal of an original substrate in its entirety by

etching (see, for example, ibid., page 9 and FIG. ID}.

For the removal of an original substrate with a

chemical solution subsequent to the formation of a thin-

film device on the original substrate, it is necessary to

form a protective layer with a thin film before the

formation of the device layer such that the chemical

solution is prevented from penetrating to the device

layer. However, a thin-film layer formed by sputtering,

vapor deposition or CVD is generally accompanied by a

problem that it contains more or less pinholes and a

chemical solution may penetrate to a device layer through

the pinholes to damage the device layer.with the chemical

solution.

SUMMARY OF THE INVENTION
Example embodiments may prevent penetration of a
chemical solution, which is used upon removal or

separation of an original substrate,



Exanpl e enbodi nents may prevent penetration of a chem cal solution, which
is used upon renoval or separation of an original substrate, 3 to a device
| ayer upon transferring the device |ayer from  the original substrate onto
an application substrate. In accordance with a first aspect of the present
invention, there is provided a process for the fabrication of a thin-film
devi ce, said process conprising the follow ng steps: formng a protective
| ayer and a thin-filmdevice |ayer one by one on a first substrate, and
bondi ng a second substrate on said thin-filmdevice |ayer via at least a
first adhesite a ggwicer baper ngowaith arfdfrestrisgbsheatieviate | bagsr i fram part
thereof by etching wth a chem cal solution; bonding at 4 | east a portion
of sai d prot@ést iovegiapér sulndivdt e overs arsaipgltibbnibn | swdetviass | ayer on a
side of said first substrate, to a third substrate via a second adhesive
| ayer, and renovi ngrsardosdord wstthsar Atest wepeetnoSailtek gueskeacti ve | ayer
is formed of at |east two |layers having resistance to said chem cal
sol uti on usetnegon.cnenbliate ofs saivddedr stpsadestsr abe, tivherei n sai d
protective |ayer

' fabrication of a thin~-film device, said process comprising

the following steps: forming a protective layer and a
thin-film device layer one by one on a first substrate,
and bonding a second substrate on said thin-film device
layer via at least a first adhesive layer; removing said
first substrate at least in a part thereof by etching with

a chemical sclution; bonding at



conprises another |ayer, which has no resistance to said chem cal solution
used upon renoval of said first substrate, between at |east said two
| ayers having resistance to said chem cal solution; wherein, when said
anot her layer is renoved with a chem cal solution of the sane kind as said
chem cal solution used upon renoval of said first substrate, an etch rate
of said other layer is lower than an etch rate of said first substrate;
wherein said at least two layers in said protective |ayer are nmade of
materials etchable with a common chem cal solution and, when etched with
sai d common téwesti calposblion i @h,sssal groeécthi vy lafyeopewlofclsaiadeats | east two
| ayers in said protective |ayer, said one |ayer being closer to said
first substratis] thinedinpheleadceaibhyer drhanstbatodfsaibefiosher | ayer, and
wherei n another one of said at |east two |ayers, said other one being
cl osest to ssulghtidaite, ftd m wewridceubayesite cdashskscaid aadmyseret ransparent to
visible light. 4a In exanple enbodi nents, the protective |ayer for
protecting theydeviacd rayeridyg emithsecdremstaktsotdit wberetn deidenpl oyed upon
renoval of the first substrate is formed of at least two |ayers having
resi stance tprdthetive layer is formed of at least two layers having
resistance to said chemical solution used upon removal of
said first substrate, wherein said protective layer
comprises another layer, which has no resistance to said
chemical solution used upon removal of said first
substrate, between at least said two layers having
resistance to said chemical solution; wherein, when said
another layer is removed with a chemical solution of the
- same kind as said chemical solution used upon removal of
said first substrate, an etch rate of said other layer is
lower than an etch rate of said first substrate; wherein
said at least two layers in said protective layer are made
of materials etchable with a common chemical solution and,
when etched with said common chemical solution, said
etching of one of saild at least two layers in said
. protective layer, said one layer being closer to said
-first substrate, is completed earlier than that of the
other layer, and wherein another one of said at least two
. layers, said other one being closest to said thin-film

device layer, consists of a layer transparent to visible

light.
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chem cal solution. Practically speaking, the protective |ayer is hence
formed of two or nore |ayers. Even if the chem cal solution reaches the

i nner 4b protective |ayer (second protective |ayer) through pinholes
formed in the protective layer (first protective |ayer) closer to the
chem cal solution, any further penetration of the chem cal solution toward
‘the device I|ayer can be prevented by the second protective |layer. The

pi nhol es in each of the two |ayers having resistance to the chem cal
solution to be enpl oyed upon renoval of the first substrate are very snall
and occur at randorhn exeowiléi mglbpditmketpy obhbi broyethiate t heyqi nfiad es i n one
of the two layers and those in the other |layer would be forned at the
same | ocati opsoteckekty et yWadwiwe Theeabdiren descchbadcabt sepenibdnati on
measure nmakes use of this extrenely |low probability. Let's assune, for
exanpl e, thae p¢ndblesyet exfar meznavel ket fohestfipsat ecbistealtayes havi ng
resistance to the chemcal solution to be used wupon renoval of the first
substrate. Eferméd oheatchierd stal twesdlastdren hpeniely ateed sthnesgbot tige fi r st
protective layer, there is the second protective |ayer which has

resi stance chemical solution. Practically speaking, the

protective layer is hence formed of two or more

layers. Even if the chemical solution reaches the

inner

4b



to the chem cal solution enployed upon renoval of the first substrate. The
chem cal solution is, therefore, blocked there. Wth the above-descri bed
at least two |ayers having resistance to the chem cal solution to be used
upon renoval of the first substrate, penetration of the chemcal to the
device |l ayer can be surely prevented. 5 Accordingly, transfer-rel ated
defects can be decreased. The process in exanple enbodi nents, therefore,
makes it possible to fabricate thin-filmdevices of high quality while
assuring a high production yield. In accordance with a second aspect of the
present i MAMIONVE Nt T s{gReHIret e ¥ied i Jansidvitde dugtred by
performng the followi ng steps: formng a protective layer and a thin-film
devi ce | ayd@imgdielasy fonanash i fisstproubstinea dayand Uoind thgo e secong
substrate on said thin- filmdevice |ayer via at least a first adhesive 6
| ayer; renmovayRy)sailddarnr sto sirstatednel @il | salbttian a goar tfuttteseof by et ching
with a chem cal solution; bonding at |east a portion of said protective
| ayer, whi @demsovertsiorsaifd thd retfdnimalevd el d iayer: oAl sitte dfvisad d first
substrate, to a third substrate via a second adhesive
layer can be prevented by the second protective layer.
The pinholes in each of the two layers having resistance
to the chemical solution to be employed upon removal of
the first substrate are very small and occur at random.
Accordingly, the probability that the pinholes in one of
the two layers and those in the other layer would be
formed at the same locations is extremely low. The above-
described anti-penetration measure makes use of this
extremely low probability. Let’s assume, for example,
that pinholes are formed in the first protective layer
having resistance to the chemical solution to be used
~upon removal of the first substrate. Even if the chemical
solution penetrates through the first protective layer,
there is the second protective layer which has resistance
to the chemical solution employed upon removal of the
first substrate. The chemical solution is, therefore;
blocked there. With the above-described at least two
layers having resistance to the chemical solution to be

“used upon removal of the first substrate, penetration of

the chemical to the device layer can be surely prevented.




| ayer, and renoving said second substrate; wherein said protective |ayer
is formed of at |least two |layers having resistance to said chem cal

sol ution used upon renoval of said first substrate; wherein said
protective |ayer conprises another |ayer, which has no resistance to said
chem cal solution used upon renoval of said first substrate, between at

| east said two | ayers having resistance to said chem cal sol ution;
wherein, when said another layer is renoved with a chem cal solution of
the sanme kind as said chem cal solution used upon renoval of said first
substrate, dxamtchngdye tlasafdretdbatddyiafdcts lcenebet Habraasetich rate of
said first substrate; wherein said at least two |layers in said protective
| ayer are ndtte pobosatelinakbgambidadatteodinidntas,canmme folren nakesoiuti on and,
when etched with said conmon chem cal solution, said etching of one of
sai d at | eagtostaiblleayer Sabmisatd thintecimvéetibyes oSdiidjongallayer bei ng
closer to said first substrate, is conpleted earlier than that of the

ot her | ayer wharie: whsenueiinganohheh pnedeftsean dyipéldeast two |ayers, said

ot her one being closest to said thin-film 6a device |ayer, consists of a

| ayer transparent tinm wicebbflencd iwghth a second aspect of the present

invention, there is provided a thin-film device formed by
performing the following steps: forming a protective
layer and a thin-film device layer one by one on a first
substrate, and bonding a second substrate on said thin-

film device layer via at least a first adhesive



In accordance with a third aspect of the present invention, there is
provided a process for the fabrication of a thin-filmdevice, said process
conprising the followi ng steps: formng a protective |ayer and a thin-
filmdevice | ayer one by one on a first substrate, and bonding a second
substrate on said thin-filmdevice layer via at least a first adhesive

| ayer; separating said first substrate at least in a part thereof by
etching with a chem cal solution; bonding at |least a portion of said
protective | ayer, which covers said thin-filmdevice |ayer on a side of
said first dabstratamoviogasaid rfdrsubsibrsitretevan easseconda gehesi ve | ayer,
and separating said second substrate, wherein said protective |layer is
formed of athereastbit wbchayerwsithaw ohemesiktariceivo; seordlichenical  sol ution
used upon separation of said first substrate; wherein said protective

| ayer conprilsest angrdrdriohayérsaiddprctichasvaol ayesi,stwanck ¢ovesai d cheni cal

sol ution used upon renoval of 6b said first substrate, between at |east
said two | ageid thiavifidur dsvisteadegetroosa dickentcadiddliuston; wherein, when
said another |layer is removed with a chem cal solution of the same kind as
~sai d cheni caibgbtatd,offcusethupbrsubstiogae via a second adhesive

layer, and removing said second substrate; wherein said
protective layer is formed of at least two layers having
resistance to said chemical solution used upon removal of
said first substrate; wherein said protective layer
comprises another layer, which has no resistance to said
chemical solution used upon removal of said first
substrate, between at least said two layers having
resistance to said chemical solution; wherein, when said
another léyer is removed with a chemical solution of the
same kind as said chemical solution used upon‘removal of
said firsf substrate, an etch rate of said other layer is
 lower than an etch rate of said first substrate; wherein
said at least two layers in said protective layer are made
_of materials etchable with a common chemical solution and,
when etched with said common chemical solution, said
etching of one of said at least two layers in said
protective layer; said one layer being closer to said
first substrate, is completed earlier than that of the
other layer, and wherein another one of said at least two

layers, said other one being closest to said thin-film
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of said first substrate, an etch rate of said other layer is |ower than an
etch rate of said first substrate; wherein said at least two |layers in
said protective |ayer are made of materials etchable with a common
chem cal solution and, when etched with said common chem cal sol ution,
said etching of one of said at |least two layers in said protective |ayer;
said one layer being closer to said first substrate, is conpleted earlier
than that of the other layer, and wherein another one of said at |east two
| ayers, said other one being closest to said thin-film device |ayer,
consi sts of daviayeravaranspasisits tod wi sapde trahghirerBc tonvastiotelance with a
fourth aspect of the present invention, there is provided 7 a thin-film
devi ce formddghy.performng the following steps: formng a protective
| ayer and a thin-film device |ayer one by one on a first substrate, and
bondi ng a second Subateetdenor watld 4 himixid bepdevia®e tHeapeesenia at | east a
first adhesive layer, separating said first substrate at least in a part
thereof by levehthgnwitthiera thepiwaldesblupironeshofm rdieatfdbedshtaon

of a thin-film device, said process comprising the

following steps: forming a protective layer and a thin-

film device layer one by one on a first substrate, and

bonding a second substrate on said thin-film device layer

via at least a first adhesive layer; separating said first

substrate at least in a part thereof by etching with a

chemical solution; bonding at least a portion of said

protective layer, which covers said thin-film device layer

- on a side of said first substrate, to a third substrate

via a second adhesive layer, and separating said second

substrate, wherein said protective layer is formed of at

least two layers having resistance to said chemical

solution used upon separation of said first substrate;

wherein said protective layer comprises another layer,

which has no resistance to said chemical solution used upon

removal of
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portion of said protective |ayer, which covers said thin-filmdevice |ayer
on a side of said first substrate, to a third substrate via a second
adhesive |ayer, and separating said second substrate, wherein said
protective layer is fornmed of at |east two |layers having resistance to
said chem cal solution used upon separation of said first substrate,;
wherein said protective |ayer conprises another |ayer, which has no

resi stance to said chem cal solution used upon renoval of said first
substrate, between at |least said two |ayers having resistance to said
chem cal solsatiidofirswhauest;atwhebedaicdnanot heast ayeid itsed enppead wWith a
chem cal solution of the sanme kind as said chem cal solution used upon
renoval of ®$awvdnbi re$istdsta dte,saian cekealicaat eodfit sai d Widerin, ay@eni s | ower
than an etch rate of said first substrate; wherein said at |east two

| ayers in s&eddpantentr Vieteaydrs aemoradewdth 7a dteindrdadl sogtichahl efwith a
common chem cal solution and, when etched with said common chem cal

sol ution, s&hd senehkimy afs are dokcheaildaat sébaisiort wsddaygos icemsaal
protective |layer; said one |ayer being closer to said first substrate, is
conpl et ed eafl seidt hamrstt matosdfrattke an etch rate of said other layer

is lower than an etch rate of said first substrate; wherein
said at least two layers in said protective layer are made
of materials etchable with a common chemical solution and,
when etched with said common chemical solution, said
etching of one of said at least two layers in said
protective layer; said one layer being closer to said
first substrate, is completed earlier than that of the
other layer, and wherein another one of said at least two
layers, said other one being closest to said thin-film
device layer, consists of a layer transparent to visible

light.

6c



ot her | ayer, and wherein another one of said at |east two |ayers, said

ot her one being closest to said thin- filmdevice | ayer, consists of a

| ayer transparent to visible light. In exanple enbodinents, the thin-film
device is free fromthe penetration 7b of the chem cal solution, because
it can bring about simlar effects and advantage as the above-descri bed
fabrication process. Thin-filmdevices according to exanple enbodi nents
can, therefore, be fabricated with a high production yield. Use of
thin-filmdevices nmakes it possible to provide liquid crystal displays or
organi ¢ EL di spl dpsaoforsdaetd enthqaafounych BRPEEt DESCGRIPHrENeE THE

DRAW NGS FIGS. 1A through IE show a partial fabrication flowhart of a
process accéndéngiero dhkirestsepbodideent of the present invention for the
fabrication of a liquid crystal display; FIG 2 is a fragnentary schematic
cross-sectional view of a transm ssion active matrix substrate formed in
the step illustrated in FIG |A, FIGS. 3A through 3D are fragnentary
schematic



cross-sectional views depicting penetration of hydrofluoric acid through
pi nholes in two protective layers in an etching step showmn in FIG |ID
FI GS. 4A through 4C show a partial fabrication flowhart of the process
according to the first enbodinent of the present invention, and illustrate
steps after the step depicted in FIG IE, that is, steps for 8
transferring the transm ssion active matrix substrate onto an application
substrate nade of plastics to obtain an active substrate; FIGS. 5A through
5E show a simlar partial fabrication flowhart as in FIGS. 1A through 1E,
but il ust patbsnafpimooiss.cac Cordeddoy ar Seodmd; ehbofohemtiraf the present
invention for the fabrication of a liquid crystal display; FIG 6 is a
sim | ar fraghepsar yfeoienata protessivesectyaanalndvicewhas-fnlnkl G 2, but
depicts a reflection active matrix substrate forned in the step
i | lustrateddemicEl aysAorld Gy Pnesoa &r Agneht sulysisichtesyatang cr oss- sect i onal
view depicting a positional relationship between pinholes in one of two
protective bapdisgandsetwse fubdgthetet ber said thin-film device

layer via at least a first adhesive layer, separating

said first substrate at least in a part thereof by

etching with a chemical solution, bonding at least a

‘portion of said protective layer, which covers said

thin-film device layer on a side of said first

substrate, to a third substrate via a second adhesive

layer, and separating said second substrate, wherein

said protective layer is formed of at least two'layers

having resistance to said chemical solution used upon

separation of said first substrate; wherein said

protective layer comprises another layer, which has no

.resistance to said chemical solution used upon removal

of said first substrate, between at least said two

layers having resistance to said chemical solution;

wherein, when said another layer is removed with a

chemical solution of the same kind as said chemical

solution used upon removal of said first substrate,

an etch rate of said other layer is lower than an

etch rate of said first substrate; wherein said at

least two layers in said protective layer are made of

Ta



protective layer in the etching step illustrated in FIG 5D; FIGS. 8A
through BE show a simlar partial fabrication flowhart as in FIGS. 1A
through | E, but illustrates a process according to a third enbodi nent of
the present invention for the fabrication of a liquid crystal display;
FIG 9is asimlar fragnentary schematic cross- sectional viewas in FIG
2, but depicts a thin-film 9 device which is forned in the step
illustrated in FIG 8A and includes froma TFT |layer to an organic EL

| ayer; FIGS. 10A and 10B are fragnentary schematic cross- sectional views
depi cti ng pmaetratisnctothabls xedhaei dominbnoogbmprathadsitiiont wadpr ot ecti ve

| ayers in an etching step shown in FIG 8D, and FIGS. 11A through 11E show
a partial fabehcatched Widwesdct comanprberssahcomindiing,t aaadf ourt h

enbodi nent of the present invention for the fabrication of a liquid
crystal di sprtahin®ESCRMRTIGNsBEITHE PREFERRED EMBODR NENEaWdt h reference to
FIGS. 1A through 4C, a description will be nmade about a process according
to a protective layer; said one layer being closer to said

first substrate, is completed earlier than that of the
. other layer, and wherein another one of said at least
two layers, saild other one being closest to said thin-
film device layer, consists of a layer transparent to
visible light.
In example embodiments, the thin-film device is

free from the penetration

b



first enbodi ment of the present invention for the fabrication of a
thin-filmdevice, specifically about steps for formng a transm ssion
active substrate on a plastic substrate by a transfer nmethod for the
fabrication of a liquid crystal display. As illustrated in FIG 1A, a gl ass
substrate or silica substrate of approximately 0.4 to 1.1 mmthickness is
used as a first substrate 101 which will serve as an original substrate. A
first anti-HF | ayer 102 having resistance to hydrogen fluoride and

hydrof | uori GAahl detchif sbihfedh Ao O taY ol 1 Jc%%  p2i580aRG,RN 1 - HF | ayer

104 having resistance to hydrogen fl'uori and oric acid, and a

second | nsUANG.| AASEc10% A6 S AOLTELONE, he Qb1 aeLhepLguest |ayer on

the first substrate 101 or exanple ass substrate o

t hi ckness) tﬁ?b %%%h@ﬁ BEQ£§Ct'TﬁE¢l%%9_ nge %kgfélﬁgnﬁ?lﬂ: | ayer 102

is arranged orm ng, or exanpl e, num ilmto an
illustrativ T. i I Q¥p 193 .i's
provi ded by%?%?#ﬁ%g%ﬁﬁ gﬁmgggﬁp e,'apg?%%%ﬁéeogﬁﬁéﬁ%gﬁgfi ayerQ%o an

|| Tustrati Vet geRess oy 1P 11 T 360 naBihinHev] AYE a4 11 arranged
by form ng, r exanple, a

possible to provide liquid crystal displays or organic EL

displays of excellent quality.

'BRIEF DESCRIPTION OF THE DRAWiNGS

FIGS. 1A through IE show a partial fabrication
‘flowchart of a process according to a first embodiment of
the present invention for the fabrication of a liquid
crystal display:

FIG. 2 is a fragmentary schematic cross-sectional
view of a transmission active matrix substrate formed in
the step illustrated in FIG. 1A;

FIGS. 3A through 3D are fragmentary schematic
cross—-sectional views depicting penetration of
hydrofluoric acid through pinholes in two protective
layers in an etching step shown in FIG. ID;

FIGS. 4A through 4C show a partial fabrication
flowchart of the process according to the first
embodiment of the present invention, and illustrate steps

after the step depicted in FIG. IE, that is, steps for



nmol ybdenum (Md) thin filmto an illustrative thickness of 1,000 nm The
second insulating layer 105 is provided by formng, for exanple, a silicon

oxide (Si02) layer to an illustrative thickness of 500 nm The nol ybdenum
thin films can be fornmed by sputtering, while the silicon oxide |ayers
can be forned by plasma CVD (chem cal vapor deposition) . It is to be

noted that the above-described "HF" neans hydrogen fluoride or
hydrofluoric acid in this specification. TFT is then forned as a thin-film
device layer by a |lowtenperature polysilicon bottomgate thin-film

t ransi st or {rERELeprrdoes S rsudir sasntilsati ode sertithed maforixl Budbedmgite, in "' 99
Latest Liquid Crystal Process Technol ogy", 53-59, Press Journal Inc.,
Tokyo, 199&mo arFlagiplRanalidd slayts a0 Nadel IF 1A% s tidekdio Bhigiaiess
Publications, Inc., Tokyo, 1998. As illustrated in FIG 2, a gate el ectrode

107 is firsd laediordredmyrdde protective |ayer 106, for exanple, wth a
nol ybdenum fil mthe thickness of which is 100 nm for exanple. This gate

el ectrode 107 canphgsf o5gedHRYLgROBYERNLANAl sRhqhaki bhegraphy and et ching
techni ques subsequent to the formation of the nolybdenumfilm By
' fabrication flowchart as in FIGS. 1A through 1E, but
illustrates a process according to a second embodiment of
the present invention for the fabrication of a liguid
crystal display;
| FIG. 6 is a similar fragméntary schematic cross-
sectional view as in FIG. 2, but depicts a reflection
active matrix substrate formed in the step illustrated in
FIG. 5A;

FIG. 7 is a fragmentary schematic cross-sectional
view depicting a positional relationship between pinholes
in one of two protective layvers and those in the other
protective layer in the etching-step illustrated in FIG.
5D;

FIGS. 8A through 8E show a similar partial
fabrication flowchart as in FIGS. 1A through 1E, bpt
illustrates a process according to a third embodiment of
the present invention for the fabrication of a liquid
crystal display;

FIG. 9 is a similar fragmentary schematic cross-

sectional view as in FIG. 2, but depicts a thin-film



pl asma CVD, for exanple, a gate insulation film2108 is fornmed with a
silicon oxide (Si02) layer or wwth a |am nate conposed of a silicon oxide
(Si02) layer and a silicon nitride (SiNs) |layer such that the gate

el ectrode 107 is covered by the gate insulation film108. In continuation
with the gate insulation film 108, an anorphous silicon layer (thickness:
30 nmto 100 nnm) is fornmed further. A pulsed Xed excinmer |aser beamw th
a wavelength of 308 nmis irradiated to the anorphous silicon layer to
melt and recrystallize it such that a polysilicon layer is formed as a
crystal | i ndegiiciecwhichayier fogiedg inhithepsitesi Lildustirayed, ia BéFysfRhi con

|l ayer 109 is formed to provide a channel-formng region. Fornmed on each
si de of thendoliysilhideen flrayere 10T degex 12 pal psokindon Elayjeyert0 conposed
of an n- dope region and a polysilicon layer 111 conposed of an n' dope
region. As appreeigsedibroantiheoBosegofnggmeatracschemaeyconress—for ned
as an LDD (lightly doped drain) structure conpatible with both a high

on-current saedianhdWvaldvs @eiRtingOpehlee rp@livsi bifc@nmixeer a38, a stopper
layer 112 is formed, for exanple, with a Si02 layer to protect the
channel Up@R LEBhaphAhicaR Ofi N RIROPRRAES: iRNSayers in an etching
| step shown in FIG. 8D; and
FIGS. 11A through 11E show a partial fabrication
flowchart of a process according to a fourth embodiment

of the present invention for the fabrication of a liquid

crystal display.

DESCRIPTION OF THE PREFERRED EMBODIMENT
With reference to'FIGS. 12 through 4C, a
description will be made about a process according to a
first embodiment of the present invention for the
fabrication of a thin-film device, specifically about
steps for forming a transmission active substrate on a
.plastic substrate by a transfer method for the
" fabrication of a liguid crystal display.
As illustrated in FIG. 1A, a glass substrate or
.silica substrate cof approximately 0.4 to 1.1 mm thickness
is used as a first substrate 101 which will serve as an
~original substrate. A first anti-HF laver 102 having

resistance to hydrogen fluoride and hydrofluoric acid, a

10



By plasma CVD, a passivation film113 is forned further with a silicon
oxide (Si2) layer or wwth a |amnate conposed of a silicon oxide (Si02)

| ayer and a silicon nitride (SiNs) layer. On the passivation film113, a
source el ectrode 114 and drain electrode 115 are fornmed, for exanple, with
al um num such that these electrodes are connected to the individual
polysilicon layers 111. To protect the device and also to effect

pl anari zation, a planarization layer 116 is then formed, for exanple, with
a net hyl - met hacryl at e-based resin, for exanple, by the spin coating nethod
such that thessounhealaelaetnagerllds,thesdrana ahectapdeafdd aod the |ike
are covered by the planarization layer 116. In the planarization |ayer

116, a conhagtnhiokesisthaceedo B¥hepdeRd ridokhaesaHlCRyakreet iedec11l. By
sputtering, for exanple, a transparent conductive f|In1(for exanple, 13

'nd'un]t'na@&ﬁdeanhngogeﬁogaognsh§5%hﬂ6fﬁ%&e@ahb@d rETEL melis ohBepyf or med

on the planarization |ayer to provide "a pixel electrode 117 such t hat
the pi xel FEC%&BQEt%%7 oh%sgoﬂ9§8% g t%h%h%l§9%r88b§k§8%&0§611¥%o¥'a the
contact hole. By the above-described steps, transm ssion active

example, a glass substrate of 0.7 mm thickness) to
provide a protective layer 106. The first anti-HF layer
102 is arranged by forming, for example, a molybdenum

(Mo) thin film to an illustrative thickness of SOd nm.
The first insulating layver 103 is provided by forming,
for example, a silicon oxide (Si0;) layer to an
illustrative thickness of 100 nm. The second anti-HF
" layer 104 is arranged by forming, fo; example, a
molybdenum (Mo) thin film to an illustrative thickness of
1,000 nm. The second insulating layer i05 is provided by
forming, for example, a silicon oxide (8i0z} layer to an
illustrative thickness of 500 nm. The molybdenum thin
films can be formed.by sputtering, while the silicon
oxide layers can be formed by plasma CVD (chemical wvapor
deposition). It is to be noted that the above-described
"HF” means hydrogen fluoride or hydrofluoric acid in fhis
Specification.

TFT is then formed as a thin-film device layer by a

low—temperature polysilicon bottom—-gate thin-film

transistor (TFT) process such as that described, for

11



matri x substrate can be forned on the first substrate 101. A top-gate
polysilicon TFT or anorphous TFT can be forned |I|ikew se although the
bottom gate polysilicon TFT was forned in the above description. A
description will next be made about steps for transferring the thin-film
device layer fromthe first substrate 101 onto a plastic substrate. As
described above with reference to FIG 1A, an internediate construction
has been obtained by forming the first anti-HF |ayer 102, the first
insulating layer 103, the second anti-HF |ayer 104, the second insulating
| ayer 1.05 ewwinale hiin {1198 detieet |Tayerid Arygtahdfdgests substrate 101.
Reference is now had to FIG 1B. Wiile heating the internediate
construct i drecttn@0&yt'0, 130DC DN PredwtI@latal 10 . a Takyst, ddiPdsiore | ayer 123
is formed by coating, for exanple, a hot nelt adhesive to an illustrative
t hi ckness off latmparie SMidksl 8howWpI9r FI324139 A Siddonid Biudistasat e 124 i s
next 14 nounted on the first adhesive |ayer 123 and, while pressing the

second substyited2dodowarsh t herdiys) 1substrate 101, the resulting
internedi ate construction is allowed to cool down to roomtenperature. As
the second As illustrated in FIG. 2, a gate electrode 107 is
firstly formed on the protective layer 106, for example,
with a molybdenum film the thickness of which is 100 nm,
for example. This gate electrode 107 can be formed by
conventional photolithography and etching techniques
subsequent to the formation of the molybdenum film. By
_plasma CVD, for example, a gate insulation film 108 is
formed with a silicon oxide (Si0;) layer or with a
laminate composed of a silicon oxide (Si0;) layer and a
silicon nitride (8iN,) layer such that the gate electrode
107 is covered by the gate insulation film 108. 1In
continuation with the gate insulation film 108, an
amorphous silicon layer (thickness: 30 nm to 100 nm) is
formed further. A pulsed XeCl excimer laser beam with a
wavelength of 308 nm is irradiated to the amorphous
silicon layer to melt and recrystallize it such that a
polysilicon layer is formed as a crystalline silicon
layer. Using this polysilicon layer, a polysilicon layer
109 is formed to provide a‘channel—forming region. Formed

on each side of the polysilicon layer 109 are a

12



substrate 124, a nol ybdenum (M) substrate of 1 mm thickness can be used,
for exanple. As an alternative, it 1is possible to coat a hot nelt adhesive
on the second substrate 124 and then to nmount the first substrate 101, on
which the layers ranging fromthe first anti-HF layer 102 to the thin-film
device |l ayer 121 have been forned, on the thus-coated hot nelt adhesive
wth the thin-film device |ayer 121 being directed toward the second
substrate 124. Reference is next had to FIG 1D. An internediate
construction with the second substrate 124 bonded thereto via the first
adhesi ve | acdrysizd dom depyesed tthersipstsmserrf iag mhedodeppeditn &ydraf| uoric
acid (HF) 125 to perform etching of the first substrate 101. Because the
mol ybdenumgcdyeri lasdrhd afiierstl ldntdondedeay erf 02 ni'sdnpt reythed lig h the
hydrof luoric acid 125, the etching automatically stops at the first

anti - HF | aygipx¥latdd [fushd alhey & cfeddignd)y Faeh @erticreaciedyit@d ienpl oyed here
is one having a weight concentration of 50% Wth such an etchant, the

etching ti mreay ke set Lopor(1egmhe doafed @ alim)hewrSictii® concentrati on of
the hydrofluoric acid 125 and the etching tine with the hydrofluoric acid
125 may be compatible with both a high on-current and a low off-

current. On the polysilicon layer 109, a stopper layer

112 is formed, for example, with a $i0; layer to protect

the channel upon implantafion of n~ phosphorus ions.

- By plasma CVD, a passivation film 113 is formed

further with a silicon o#ide (5102) layer or with a

laminate composed of a silicon oxide (Si0;) layer and a

silicon nitride (SiN,) layer. On the passivation film 113,

a source electrode 114 and drain electrode 115 are formed,

for example, with aluminum such that these electrodes_are

Conngcted to the individual polysilicon layers 111.

To protect the device and also to effect

planarization, a planarization layer 116 1s then formed,

for example, with a methyl-methacrylate-based resin, for

example, by the spin coating method such that the source

electrode 114, the drain electrode 115 and the 1like are

covered by the planarization layer 116. In the

planarization layer 116, a contact hole is formed

extending to the source electrode 111. By sputtering, for

example, a transparent conductive film (for example,

13



changed wi thout any probleminsofar as the glass of the first substrate
101 can be fully etched off. As a result of the above-described etching
with the hydrofluoric acid 125, the first substrate 101 (see, for

exanple, FIG 1D already referred to in the above) is fully etched off so
that the first anti-HF [ayer 102 is exposed (see FIG 1E). Wen pinhol es
132 are contained in the nol ybdenum |ayer as the first anti-HF | ayer 102
as shown in FIG 3A, the first insulation film 103 made of silicon oxide
is etched with hydrofluoric acid at |ocations where the first insulating
| ayer 103 iiodfiagi kgnt baigienhdines 18Bn0Spéeirkivalfiter thélpidnhdles) 132 are
formed extending through the first insulation film 103. There is, however,
an extreneliy tbenpfolraleid iony the tphlenkorimettion dkyelellpi nbopesvid4d in the
nol ybdenum | ayer as the second anti- HF |ayer 104 at the sanme | ocations as
t he pinhol espi32l keeredode Lhg fsucst taatd -dHe pbaxen 202ctrber afil7uoric
acid, therefore, does not penetrate to the side of the thin- filmdevice

layer 121 heyewdnkleeseaondnantsioudtd avectiQbe 1hl the saeordnaatit- HE | ayer
104 were not fornmed, the hydrofluoric acid which has penetrated through

the 16 hole.

By the above-~described steps, a transmission active
matrix substrate can be formed on the first substrate 101.
A top—~gate polysilicon TFT or amorphéus TFT can be formed
likewise‘although the bottom-gate polysiiicon TFT was
formed in the above description. A description will next
be made about steps for transferring the thin-film device
layer from the first substrate 101 onto a plastic
substrate.

As described above with reference to FIG. 1A, an
intermediate construction has been obtained by forming
the first anti-HF layer 102, the firxst insulating layer
103, the second anti-HF layer 104, the second insulatihg
layer 105 and a thin-film device layer 121 on the first
substrate 101. Reference is now had to FIG. 1B. While
heating the intermediate coﬁstruction at 80°C to 140°C on
a hot plate 122, a first adhesive layer 123 is formed by
coating, for example, a hot melt adhesive to an
illustrative thiékness cf 1 mm or so.

As shown in FIG. 1C, a second substrate 124 is next

14



pi nhol es 132 woul d penetrate to the thin-filmdevice I|ayer 121 so that the
hydr of l uoric acid woul d damage the thin-filmdevice |ayer 121. As
illustrated in FIG 3B, the nolybdenum | ayer (thickness: 500 nm as the
first anti-HF layer 102 (see FIG 3A) is then etched off with a m xed acid
[for exanple, phosphoric acid (H3PO4) 72 wt% + nitric acid (HNO3) 3 wt% +
acetic acid (CH3COOH) 10 wt94. It takes about 1 mnute to etch off the

nol ybdenum | ayer of 500 nm thickness with the m xed acid. As this m xed
acid does not etch the silicon oxide as the first insulating |ayer 103,

t he et chi ngncauttartdrcatley Siops athddierd ilrsster 1¥BUlaatd ngrHidyer 103. At the
| ocati ons corresponding to the pinholes 132 (see FIG 3A) fornmed in the

first anti pddsdiayprtHdksedmvevarhstddiad 1251 ddvedattimg diayer 103 has been
etched with the penetrated hydrofluoric acid to form pinholes, through

whi ch the nurdracid i aldowed 40 tiRfNeliBnd o 4he seandicitdr s | ayer
104. Accordingly, the pinholes 132 are each forned extending to an

i nter medi atg hgidhtcd ndde sarond, aidm Hedfverc Q4. As thBessesqnrd anti- HF
| ayer 104 is forned thicker than the first anti-HF |ayer 102, the etching

of ‘the secqnd ANtive H2d averdQhdiRtm NANBY &un 1ot heelt compl eted even

after

thickness can be used, for example. As an alternative, it
is possible to coat a hot melt adhesive on the second
substrate 124 and then to mount the first substrate 101,
on which the layers ranging from the first anti-HF layer
102 to the thin-film device layer 121 have been formed,
on the thus-coated hot melt adhesive with the thin-film
device layer 121 being directed toward the second
substrate 124.
Reference is next had to FIG. 1D. An intermediate
construction with the second substrate 124 bonded thereto
- via the first adhesive layer7123 interposed therebetween
is then dipped in hydrofluoric acid (HF) 125 to perform
etching of the first substrate 10;. Because the
molybdenum layer as the first anti-HF layer 102 is not
etched with thé hydrofluoric acid 125, the etching
automatically stops at the first anti-HF iayer i02.
Illusfrative of the hydrofluoric acid 105 employed here
is one having a weight concentrafion of 50%. With such an

etchanﬁ, the etching time can be set, for example, at 3.5
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the etching of the first anti-HF |layer 102 was conpleted. 17 Wen the m xed
acid etching is termnated at this stage, for exanple, by washing the

i nternedi ate construction wth water, the m xed acid cannot penetrate to
the thin- filmdevice |ayer 121. Reference is next had to FIG 3C. Wth
buffered hydrofluoric acid [BHF: for exanple, amoniumfluoride (NHF) 6%
+ hydrofluoric acid (HF) 1% + H20 93%, the first insulating |ayer 103
(see FIG 3B) nmade of silicon oxide is etched off. This buffered :
hydrofluoric acid requires about 1 mnute to etch off the silicon oxide
(Si @) whemours .t hTh&nesscesfrévioexafiptee BP@rofludsit heciduiipraud
hydr of | uoric acid does not etch the second anti- HF | ayer 104 nmade of

nol ybdenumthiehe tehdhighg imeutvant ithal hydsbdpscatict heigeacdndmagt beHF | ayer
104. If the second anti-HF | ayer 104 contains pinholes 134, however, the

buf f ered hytaekldokiie hasitd aski blroperet nakeFart awartet he akbi B£f iche devi ce
| ayer 121 through the pinholes 134 even after conpletion of the etching of

the first finsyl atiRerbawen 0103ahsee FuG1y3BkcAsdt Ber thi ckness of the
second insulating layer 105 is 500 nm which is greater than that of the
first insulating A@ygrresult of the above-described etching with the
hydrofluoric acid 125, the first substrate 101 (see, for
example, FIG. 1D already referred to in the above) is
fully etched off so that the first anti-HF layer 102 is
exposed (see FIG. 1E).
When pinholes 132 are contained in the molybdenum
layer as the first anti-HF layer 102 as shown in FIG. 33,
the first insulation film 103 made of silicon oxide is
etched with hydrofluoric acid at locations where the
first insulating layer 103 is facing the pinholes 132.
Specifically, the pinholes 132 are formed extending
. through the first insulation film 103. There is, however,
an extremely low probability in the formation of the
pinholes 134 in the molybdenum layer as the second anti-
..HF layer 104 at the same locations as the pinholes 132
formed in the first anti-HF layer 102., Hydrofluoric acid,
therefore, does not penetrate to the side of the thin-
film device layer 121 beyond the second anti-HF layer 104._

If the second anti-HF layer 104 were not formed, the

“hydrofluoric acid which has penetrated through the
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103, the buffered hydrofluoric acid, however, cannot penetrate the second
i nsul ating |layer 105 beyond its internediate height so that the buffered
hydrof l uori c 18 does not reach as far as the thin-filmdevice |ayer 121.

As shown in FIG 3D, the second anti-HF |layer 104 (see FIG 3C) fornmed of

t he nol ybdenum | ayer of 1,000 nm thickness is next etched off with a
simlar mxed acid as that described above. This m xed acid requires about
2 mnutes to etch off the nolybdenum | ayer of 1,000 nm thickness. As this
m xed aci-d does not etch the second insulatinqaﬁfyer 105 made of silicon

oxi de (Si 0Binhdlkes ekdhivpId tReHeE ats P At BUTorfatic 815 S§t ops at t he
second insulating layer 105. The m xed acid does not reach as far as the
thin-fil mdedee 12 ao 1kt pdeadaslraffaqyithclasl Wl daadden Wife second
insulating |ayer 105 with the buffered hydrofluoric acid have not reached
as far as ttlein-hiinld idewideyileydmylérl .121. As the second insulating | ayer
105 is made of silicon oxide which is an insulating material transparent
to visible Iight, aist il uwsnrecessany FEG.SP8GI fthealby ybdenomeltlersecond
insulating | ayer 105. Renoval of the second insulating |ayer 105 is,
therefore, notisansket b0 nm) as the first anti-HF layer 102 (see
~FIG. 3A) is then etched off with a mixed acid [for
example, phosphoric acid (H3PO4) 72 wt% + nitric acid
(HNOs) 3 wt% + acetic acid (CHsCOOH) 10 wt$%]. It takes
about 1 minute to etch off the molybdenum layer of 500 nm
thickness with the mixed acid. As this mixed acid does
not etch the silicon oxide as the first insulating layer
103, the etching automatically stops at the first
insulating layer 103. At the locations corresponding to
“the pinholes 132 (see FIG. 33} formed in the first anti-
HF layer 102, however, the first insulating layer 103 has
been etched with the penetrated hydrofluoric acid to form
pinholes, through which the mixed acid is allowed to
penetrate to the second anti-HF laver 104. Accordingly,
the pinholes 132 are each formed extending to an
intermediate height in the second. anti-HF layer 104. As
the second anti-HF layer 104 is formed thicker than the
first anti-HF layer 102, the etching of the second anti-

HF layer 104 has, however, not been completed even after

the etching of the first anti-HF layer 102 was completed.
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in the fabrication process according to the first enbodi ment of the
present invention. In the above-described first enbodi nent, nolybdenum is
used as anti-HF |ayers for both the first and second anti-HF [ayers 102,
104. However, any material can be 19 used insofar as it is equipped with
resi stance to HF, including tungsten, anorphous silicon, polycrystalline
silicon, alum num oxide (A1203) , magnesium fluoride (MJF2) calcium
fluoride (CaF2) , silicon carbide (SiC) , anorphous dianond,
benzocycl obut ene- based resins, and polyim des, WQEn su€$.§.ngteéial IS
used for tWkenitbe mhtedeeshd ShERiDBIFLFay8FEIRDESY 184, Y15 3 A8Ckssary to
conduct wet etching with such chenical solutions as enabling renoval of
the respecfbveekappie, obydrgskirti AgewiphesneflietehFarS tHasks®8s pernitting
~renoval of the respective layers. Wen polycrystalline silicon is used,
for exanpl eithheatkirr,sthandisedoadidntinppt] ngpesrabe, taogheahbe r enoved
by dry etching such as reactive ion etching (RIE) which mnakes use of an
et chi ng gasicanpesedei Dagenbinati on of tetrafl uoronethane (CF4) and oxygen
(02) When the first anti-HF |ayer 102 and second anti-HF | ayer 104 are
etched by using kbgesan®e chemaat had coombIG. the. etidhihnguiistrege
hydrofluoric acid [BHF: for example, ammonium fluoride
(NH,F) 6% + hydrofluoric acid (HF} 1% + Hy0 93%], the
first insulating layer 103 (see FIG. 3B) made of silicon
oxide is etched off. This buffered hydrofluoric acid
'requirés about 1 minute to etch off the silicon oxide
(Si0;) when its thickness is, for example, 100 nm. As the
buffered hydrofluoric acid does not etch the second anti-
HF layer 104 made of molybdenum, the etching
automatically stops at the second anti-HF layer 104. If
the second anti-HF layer 104 contains pinholes 134,
however, the buffered hydrofluoric acid still penetrétes
toward the thin-film device layer 121 through the
pinholes 134 even after completion of the etching of the
first insulating layer 103 {see FIG. 3B). As the
thickness of the second insulating layer 105 is 500 nm
which is greater than that of the first insulating layer
103, the buffered hydrofluoric acid, however, cannot

penetrate the second insulating layer 105 beyond its

intermediate height so that the buffered hydrofluoric
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conducted such that the etching of the first anti-HF layer 102 is
conpleted earlier. This is to avoid etching of the second anti-HF | ayer
104 inits entirety during etching of the first anti-HF | ayer 102 when a
chem cal solution penetrates to the second anti-HF |ayer 104 through the
pi nholes 132 in the first anti-HF |layer 102 wupon etching the first anti-HF
| ayer 102 with the 20 chem cal solution. As illustrated in FIG 4A a
second adhesive layer 1.27 is forned on the side of the back side of the
thin- filmdevice layer 121, in other words, on the surface of the second
i nsul at i ng desermapsredeeras Hemboy et sdritpell Lretdeiidme bhaxssatlidlyg, for
exanpl e, an UV curabl e adhesive, for exanple, by a spin coating technique.
Ref erring next toAE @hotB, ia FAG.d 3®ubstheatsect?28 krstibdfidédves t€Ré second
adhesi ve |l ayer 127 subsequent to the formation of the second |ayer 127. As
this third cubstFat e A28, farnEdisit ctistibsd Iyvtiderisn Usatkr Byf us) () rmor
exanpl e, a polycarbonate filmof 0.2 mmthickness as the. plastic
substrate afh cpass Ngs idedt addiayiofLlwiay s s i€l Heaeoncedadhesd wes | ayer

127 made of the WV curable adhesive is cured. Although the polycarbonate

substrate that described above. This mixed acid requires about 2
minutes to etch off‘the molybdenum layer of 1,000 nm
thickness. As this mixed acid does not etch the second
insulating layer 105 made of silicon oxide (Si0;z), the
etching with the mixed acid automatically stops at the
second insulating layer 105. .The mixed acid does not
reach as far as the thin-film device layer 121, because
the pinholes 134 formed in the second insulating layer
105 with the buffered hydrofluoric acid have not reached
as far as the thin-film device layer 121.

As the second insulating layer 105 is made of
silicon oxide which is aﬁ insulating material transparent
to visible light, it is unnecessary to specifically
remove the second insulating laver 105, Removal of the
second insulating layer 105 is, therefore, not conducted
lin the fabrication process according to the first
embodiment of the present invention.

In the above-described first embodiment, molybdenum

is used as anti-HF layers for both the first and second

anti-HF layers 102, 104. However, any material can be
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is used as the plastic substrate in the above-described first enbodinent,
the plastic substrate is not limted to such a polycarbonate substrate and
i nstead, other plastic substrates may al so be used. Reference is next had
to FIG 4C. The internediate construction prepared as described above is
di pped in an al cohol (not shown) to renove the second substrate 124 by
di ssolving the first adhesive |layer 123 nade of the hot nelt adhesive. As
a result, an active substrate is 21 obtained with the thin-filmdevice
| ayer 121 nmounted over the third adhesive |ayer 128 with the second
adhesi ve |#8R} Upiadd ageddnd § s idHssy Widyer epas Homcs F6s &F -
t her ebet ween. Al t hough not shown in any drawing, the active substrate is
subsequent |ynElonbintedunigstem GFpogincats sibsoeat.e PodiEuYRtE 13p&% ngs f or med
between the substrates, a liquid crystal is injected to provide a liquid
crystal celdilikhrs, veonknioam bexpée f OAhEn) by magoesémm drialorssentiafg /st eps
for liquid crystal cells. In the above-described fabrication process of the
thin-film deasliccieym tfiecaticte r@taF,0f, shéitbnstarhsdkeat(bng) .| aperrho8smy
desirably be lower than that of the first _

diamond, benzocyclobutene-based resins, and polyimides.

When such a material is used for the first and second

anti-HF layers 102, 104, it is necessary to conduct wet

etching with such chemical solutions as enabling removal

of the respective layers or dry etching with such etching

gases as permitting removal of the respective layers.

When polycrystalline silicon is used, for example, the

first and second anti-HF layers 102, 104 can be removed

by dry etching such as reactive ion etching (RIE) which

makes use of an etching gas composed in combination of

~ tetrafluoromethane (CF4) and oxygen {0;). When the first

anti-HF layer 102 and second anti-HF layer 104 are etched

by using the same chemical‘in common, the etching must be

conducted such that the etching of the first anti-HF

layer 102 is completed earlier. This is to avoid etching

of the second anti-HF layer 104 in its eﬁtirety during

etching of the first anti-HF layer 102 when a chemical

solution penetrates to the second anti-HF layer 104

through the pinholes 132 in the first anti-HF 1ayer 102

upon etching the first anti~HF layer 102 with the
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substrate 101 when the first insulating layer 103 is renoved with the sanme
chem cal solution as the chem cal solution (hydrofluoric acid) enployed
upon renoval of the first substrate. Wen the first and second anti-HF

| ayers 102, 104 are nmade of a material or materials commonly etchable
with the sane chem cal solution (for exanple, the above-described m xed
acid) and are etched with the sanme chem cal solution (for exanple, the
above-described mxed acid), it is desired that the etching of the first
anti-HF | ayer 102 |ocated closer to the first substrate 101 is conpleted
earlier thghemhgalopolnéigeecond anti-HF 22 |ayer 104. In the
above-described first enbodinent, the first anti-HF |ayer 102 is forned
t hi nner than the AecohdistariiedAin ayEF. 108, 4 reedrnchlriteedibee i HRE
fabrication process of the thin-filmdevice, the protective |ayer 106
whi ch serveg7 te poetedt ohheéhthshdki b deei beckayedel1@f thenmthhe-cheni cal
solution is fornmed of at |east two |layers having resistance to

hydr of l'uor ifg 1aciddviisedidper Lempvah ekhkthewokisst osubber anefiog, of
specifically the first and second anti-HF |ayers 102, 104 nade of

”D|¥bdenunkh8réébbﬁa|Eﬂsuiﬁeﬂhbngaybhe1DBOEQ@ékvehbaﬁEbvbSthﬁ@&baﬂranged
as two

etching by coating, for example, an UV curable adhesive,

for example, by a spin coating technigue.

Referring next to FIG. 4B, a third substrate 128 is
bonded £o the second adhesive layer 127 subsequent to the
formation of the second layer 127. As this tﬁird
substrate 128, a plastic substrate is used. By using, for
example, a polycarbonate film of 0.2 mm thickness as the
plastic substrate and exposing it to ultraviolet rays,
the second adhesive layer 127 made of the UV curable
adhesive is cured. Although the polycarbonate substrate
is used as the plastic substrate in the abovewdeécribed
first embodiment, the plastic substrate is not limited to
such a polycarbonate substrate and instead, other plastic
substrates may also be used.

Reference is next had to FIG. 4C. The intermediafe
construction prepared as described above is dipped in an
.alcohol (not shown) to remove the second substrate 124 by

dissolving the first adhesive layer 123 made of the hot

melt adhesive. As a result, an active substrate is
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or nore layers. Even if hydrofluoric acid reaches the inner protective

| ayer (second anti-HF |ayer 104) through the pinholes 132 fornmed in the
outer protective layer (first anti-HF |layer 102) |ocated closer to a side
where the internediate construction is maintained in contact wth
hydrofluoric acid, it is still possible to prevent at the second anti-HF
| ayer 104 any further penetration of hydrofluoric acid to the side of the
thin-filmdevice Ilayer 121. The pinholes 132,134 in the first and second

anti-HF layers 102, 10 i ch .have .resjst.ance to. r of | i .d to be
enpl oyed upBrtHENEY It %"Aﬁ% tn'f]irfhstfll]é‘h %‘?la?ee%fbyfr ra]]ér/% \?[{ec?&;locgéﬁ'gl arﬁd occur
at random  Accordingly, the probability that_the pinholes 132 and 23 134
woul d be fofedtrd f#%%ﬁ’]’ev? oS o< § gkt réiel C‘?rbq?v.a Terve
above-descri bed anti-penetration nmeasure nmakes use of this ez}renely | ow
probabi | i t y1a¥e% ' RhafesetRd &R el nd MY nhd? e USPEEA are for ned
inthe first and second anti-HF |ayers 102, 104 having resistance to
hydr of | uor i eheresketwedr. used upon renoval of the first substrate 101. Even
if the hydrofluoric acid penetrates through the first anti-HF [ayer 102,
there is the secoddthamdh HEH sphemnlla avyt Keasdaend they &Ctivise
hydr of | uori c

substrate is subsequently combined with an opposite

substrate, and into openings formed between the
substrates, a liquid crystal is injécted to provide a
liquid crystal cell. This work can be performed by
éonventional assembling steps for liquid crystal cells.
In the above-described fabrication process of the
thin-film device, the etch raﬁe of the first insulating
| layer 103 may desirably be lower than that of the first
substrate 101 when the first insulating layer 103 is
removed with the same chemical solution as the chemical-
solution (hydrofluoric acid) employed upon removal of the
1first substrate. When the first and second anti-HF layers
102, 104 are made of a material or materials commonly
etchable with the same chemical solution (for example,
the above~described mixed acid) and are etched with the
same chemical solution (for example, the above-described
mixed acid), it is desired that the etching of the first
‘anti—HF layer 102 located closer to the first substrate

101 is completed earlier than that of the second anti-HF
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acid is, therefore, blocked there. Wth the first and second anti-HF

| ayers 102, 104 having resistance to hydrofluoric acid, penetration of
hydrofluoric acid to the thin-filmdevice |ayer 121 can be surely
prevented. Accordingly, transfer-related defects can be decreased. Wth
reference to FIGS. 5A through 7, a description wll next be made about a
process according to a second enbodinent of the present invention for the
fabrication of a thin-filmdevice, specifically about steps for formng a
reflection active substrate on a plastic substrate by a transfer nethod

for the fabrd¥&htildif of I8 Yegabaveryiesar idegplfay s tasmbodigerit edhPn FI G
S5A, a glass substrate or silica substrate of approximately 0.4 to 1.1 nm
thi ckness fiFfsénts B fiaver sibstimatfoed whiisines | tharerthe @ecomd4
original substrate. A first anti-HF layer 202 having resistance to
hydr ogen flandriid& dvdy dk®fl uoric acid, a second anti-HF layer 203 having
resi stance to hydrogen fluoride and hydrofluoric acid, and a first :
i nsul ati ng | ayer I204har ebboerddsanébhy dadriicamibhe prowests bdyeheon .the
first substrate 201 (for exanple, a glass substrate of 0.7 nmthickness)
to provide thiprdtidet ideerieyerti¥protective layer 106 which serves

to protect the thin-film device layer 121 from the

chemical solution is formed of at least two layers having

resistance to hydrofluorxic acid used upon removal of the

first substrate 101, specifically the first and second

anti-HF layers 102, 104 made of molybdenum. Practically

speaking, the protective layer is hence arranged as two

or more layers. Even if hydrofluoric acid reaches the

inner protective layer (second anti-HF layer 104) through

the pinholes 132 formed in the outer protective layer

(first anti—HF layer 102) located closer to a side where

the intermediate construction is maintained in contact

with hydrofluoric acid, it is still possible to prevent

at the second anti-HF layer 104 any further penetration

of hydrofluoric acid to the side of the thin-film device

layer 121. The pinholes 132,134 in the first and second

anti-HF layers 102, 104, which have resistance to

hydrofluoric acid to be employed upon removal of the

first substrate 101, are very small and occur at random.

Accordingly, the probability that the pinholes 132 and
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The first anti-HF layer 202 is arranged by formng, for .exanple, a

nol ybdenum (Mo) thin filmto an illustrative thickness of 500, nm The
second anti-HF layer 203 is arranged by form ng, for exanple, an anorphous
silicon (a-Si) layer to an illustrative thickness of 200 nm The first
insulating |ayer 204 is provided by formng, for exanple, a silicon oxide
(Si02) layer to an illustrative thickness of 500 nm The nol ybdenumthin
filmcan be formed by sputtering, while the anorphous silicon |ayer and

silicon oxide | ayer can be fornmed by plas CV%. %fhenical i s
deposi ti on)t3 %A &e dEdech o é%%,sag‘etnﬁi%af RN rlgnﬁxgtrc?r%%ci(yTFT) is
then. fornmed by a lowtenperature polysilicon bottomgate thin-film
transi st or YOFFT) Throdke¥erAegcribafll antiarrartaatiAnt RE2PFF§t "&kB8di ment .
The second enbodinent is different fromthe first_enbodi ment in_that,
because t haaehiak filin detinemaly theer marqkadti ot vact 98 95288B%fraf 8% usef ul
for the fabrication of the liquid crystal display, a pixel electrode 216
uses sil verexaig)le i ndtadadiofhdlE® di® t1Hi% atie arneay)in Shsdd ot a
reflector. The second enbodiment is also different from the first
enbodi ment amd tdetorpemtfioHmtliagrersd 102, 104 having resistance o
hydrofluoric acid to be used upon removal of the first
substrate 101. Even if the hydrofluoric acid penetrates
through the first anti-HF layer 102, there is the second
antiQHF layer 104 as the second layer. The hydrofluoric
acid is, therefore, blocked there. With the first and
second anti-HF layers 102, 104 having resistance to
hydrofluoric acid, penetration of hydrofluoric acid to
the thin-film device layer 121 can be surely prevented.
Accordingly, transfer—-related defects can be decreased.

With reference to FIGS. 5A through 7, a description
will next be made about a process according to a second
embodiment of the present invention for the fabrication
of a thin-film device, specifically about steps for
forming a reflection active substrate on a plastic
substrate by a transfer method for the fabrication of a
liguid crystal display.

As illustrated in FIG. 5A, a glass substrate or

silica substrate of approximately 0.4 to 1.1 mm thickness

is used as a first substrate 201 which will serve as an
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pl anarization |ayer 215 wth a nethyl-nethacryl ate-based resin, the

pl anari zation layer is provided with ruggedness to also provide silver
(Ag), which is to be forned over the planarization |layer, wth ruggedness
so that regular reflection of Iight can be prevented. Described
specifically, a gate electrode 206 is formed on the protective |ayer 205,
for exanple, with a nolybdenumfilmthe thickness of which is 100 nm for
exanple. This gate el ectrode 206 can be forned by conventional

Gat o | nsul FBRPRLI REB6T-REC tec'&ﬁ#@‘iﬁfﬁnﬁﬁrr" @%saeia%’@e S Thyer o

with a |amnate conposed of a silicon oxide | ay er and a silicon
nitride (SFRE}SFéﬁéﬁ §BCHY?H89ePhél§8Féd€IéB@rBH§r°§éB°F%C069é ed®by the
gate insulation film207. In continuation with the gate insulation film
207, an aﬁ8F8ﬁ§u§n§FrﬁEoﬁaY8§e?OétﬁﬁHRﬁ@S§6539tﬁﬁF?ot90bYﬁﬁPgF§ f or med
further. Eulsed XeC excimer |laser beamwth a wavelength of 308 nmis
i rradi at edftyorideanpdphpdsofbusriccoriayendt 6 marstahspéarysal |ize it
such that a polysilicon layer is forned as a crystalline silicon |ayer.
Usi ng t hi sipwkysiPidcemel dgemedaopel pyi bineorfribayéhe lowest layer on
the first substrate 201 (for example, a glass substrate
of 0.7 mm thickness) to provide a protective layer 205.
The first anti-HF layer 202 is arranged by forming, for
.example, a molybdenum {Mo)}) thin film to an illustrative
thickness of 500 nm. The second anti-HF layer 203 is
arranged by forming, for example, an amorphous silicon
{a—-S1) layer to an illustrative thickness of 200 nm. The
first insulating layer 204 is provided by forming, for
example, a silicon oxide (Si0;) layer to an illustrative
thickness of 500 nm. The molybdenum thin film can be
formed by sputtering, while the amorphous silicon layer
and silicon oxide layer can be formed by plasma CVD
(chemical vapor deposition).
As illustrated in FIG. 6, a thin-~film transistor
(TFT) is then formed by a low-temperature polysilicon
bottom—gate thin-film transistor (TFT) process in a
similar manner as in the first embodiment. The second

embodiment is different from the first embodiment in that,

because the thin-film device is the reflection active
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208 is fornmed to provide a channel-form ng region. Fornmed on each s
the polysilicon | ayer 208 are polysilicon |ayers 209 conposed of an
dope region and a polysilicon |ayer 210 conposed of an n+ dope regi
appreciated fromthe foregoing, each active region is forned as an
(lightly doped drain) structure conpatible wth both a high on-current and
a lowoff-current. On the polysilicon |ayer 208, a stopper |ayer 21
for exanple with a silicon oxide (Si2) layer to protect t

t f. o n"
passi vat :Jgor‘iS ﬁ%%%i Leo ud'(r)rfé’gf t Or]\l;ﬁsattli'll%glsé:iqutégen%dﬂ (Sl 02)

or with a
nitride (SINSSHy SRR né PSS &YGTI9m 2 us%? SOUrvEEF it ro
and drain el ectrode 214 are formed, for exanple, w th al um num such
these el ectirsdéadad 1déhmest ddito T SthoiAE)ddd YFAY S idcon | ayers 210.
To protect the device and also to effect planarization, a planarization
| ayer 215 irghleetofror nélle spepndxampodim@nthisg ﬁéﬁhyﬁiﬁéﬁﬁaéﬁyfaﬂﬁ-based

f or med,

channel

resin,

for

Ianlnate .conposed of a silicon oxide (SiQ2) |layer and a

exanpl e, by the spin coating nethod such that the source

el ectrode ZI® fiihe tdreabvddlvestty dde 24 apebnt Hednike.cay @f a -

planarization layer 215 with a methyl-methacrylate-based
resin, the planarization layer is provided with
ruggedness to also provide silver {(Ag), which is to be
formed over the planarization layer, with ruggedness s0
that regular reflection of light can be prevented.

Described specifically, a gate electrode 206 is
formed on the protective layefl205, for example, with a
molybdenum film the thickness of which is 100 nm, for
example. This gate electrode 206 can be formed by
conventional photolithography and etching technigues. By
plasma CVD, for example, a gate insulation film 207 is
formed with a silicon oxide (51i0;) layer or with a
laminate composed of a silicon oxide {8103) laver and a
silicon nitride ({SiNy) layer such that the gate electrode
206 is covered by the gate insulation film 207. 1In

continuation with the gate insulation film 207, an

~amorphous silicon layer (thickness: 30 nm to 100 nm) is

formed further. A pulsed XeCl excimer laser beam with a

wavelength of 308 nm is irradiated to the amorphous
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covered by the planarization |ayer 215. To provide a pixel electrode,
which is to be forned over the planarization |ayer 215, wth ruggedness,
the planarization |ayer 215 is provided at a surface thereof wth
ruggedness. In the planarization |ayer 215, a contact hole is also forned
extending to the source electrode 213. By form ng, for exanple, silver
(Ag) into a filmby sputtering, for exanple, a pixel electrode 216 is"
then fornmed on the planarization |layer 215 such that the pixel electrode

215 is connected tqg _the sourc el ectrode 213 via the contact hole. By the
above- descihed %t gﬁ‘é’,era eﬂegttt g1 fc?ﬁ“ﬂ)’e“aﬁfh’ﬁ'ex ?uﬁ&crl’attglaéaﬁ be forned
on the first suhstrate_201. A description will next be nmade about steps
for transP&WYEAdICRE LRV ifSmiRdWieCe Asaferc TSRALIHE S Sl Cybst rat e 201
onto a plastic substrate. As described above with reference to FIG 5A, an
i nt er medi at'@Y&dnst PEtRPohlAasPBeER 1BEARNEEYBY - f Br BPAYSERACPPr $BYEAL i - HF
| ayer 202, the second anti-HF layer 203, the first insulating |ayer 204
and a thi n208 msdéeirged Itagy@r2deom dharmalstfogyiisiy ategizou.. Ref®eénce is
now had to FIG 5B. Wiile heating the internediate construction at 80C to
140C on a leot eplcht e 1222 ofa thier gtolysilicon layer 208 are polysilicon
layers 209 composed of an n° dope region and a polysilicon
layer 210 composed of an n' dope region. As appreciated
from the foregoing, each active region . is formed as an
LDD (lightly doped drain) structure compatible with both
a high on—-current and a low off-current. On the
polysilicon layer 208, a stopper layer 211 is formed, for
- example, with a silicon oxide (5i0;) layer to protect the -
channel upon implantation of n” phosphorus ions.
By plasma CVD, a passivation film 212 is formed
further with a silicon oxide (S$i0;) layer or with a
laminate composed of a silicon oxide (Si0;) layer and a
silicon nitride (SiN,) layer. On the passivation film 212,
a source electrode 213 and drain electrode 214 are formed,
for example, withraluminum such that these electrodes are
connected to the individual polysilicon layers 210.
To protect the device and also to effect
planarization, a planarization layer 215 is then formed,

for example, with a methyl-methacrylate-based resin, for

example, by the spin coating method such that the source
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28 adhesive |layer 223 is fornmed by coating, for exanple, a hot nelt
adhesive to an illustrative thickness of 1 nmor so. As shown in FIG 5C
a second substrate 224 is next nounted on the first adhesive |ayer 223
and, while pressing the second substrate 224 toward the first substrate
201, the resulting internmedi ate construction is allowed to cool down to
roomtenperature. As the second substrate 224, a nol ybdenum (M) substrate
of 1 mm thickness can be used, for exanple. As an alternative, it 1is

possi ble to t hqt _nmel.t adhesi ve_on the secgnd suybstrate 224 and then
possible (9,08t 8 g el Adiesl.ve o Lhe seqund oubsl nale 224 and ¢
first anti-HF layer 202 tqQ the thin-filmdevice |ayer 221, have been
formed, oRCVRESEhHY- &8& &d MG LFdIt CRdHEYISFe Aidth TRePFRYHI®i #m  devi ce

| ayer 221 being directed toward the second substrate 224. Reference is
next had tBiERE e3BCtARdent dvkel dtSe toc HesthardECoR Vit Rbehe second
substrate 224 bonded thereto via the first adhesive |ayer 223 is then

di pped i n hydrefigetiieonadiage228 1t pértfhormastesiniasg .ofthithe first substrate

201. Because the nol ybdenum | ayer as the first
planarization layer 215 is provided at a surface thereof

with ruggedness. In the planarization layer 215, a
contact hole is also formed extending to the source
electrode 213. By forming, for exaﬁple, silver (Ag) into
a film by sputtering, for exaﬁple, a pixel electrode 216
is then formed on the planarization layer 215 such that
the pixel electrode 215 is connected to the source
electrode 213 via the contact hole.

By the above-described steps, a reflection active
matrix substrate can be formed on the first substrate 201.
A description will next be made about steps for
transferring the thin-film device layer from the first

substrate 201 onto a plastic substrate..

As described above with reference to FIG. 5A, an
intermediate construction has been obtained by forming
the first anti-HF layer 202, the second anti-HF layer 203,
the first insulating layer 204 and a thin-film device
layer 221 on the first substrate 201. Reference is now

had to FIG. 5B. While heating the intermediate

construction at 80°C to 140°C on a hot plate 222, a first
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anti-HF |ayer 202 is not etched with the hydrofluoric acid 225, the
etching automatically stops at the first 29 anti-HF |ayer 202. Illustrative
of the hydrofluoric acid 225 enployed here is one having a wei ght
concentration of 50% Wth such an etchant, the etching tinme can be set,
for exanple, at 3.5 hours. The concentration of the hydrofluoric acid 225
and the etching tine with the hydrofluoric acid 225 may be changed w t hout
any problem insofar as the glass of the first substrate 201 can be fully
etched off. As a result of_ the above-de cribed.etcmﬁg%thh he a
Gexagﬁ;ml’s fully

hydr of | uor iEIBRS Y LIRYIhE 4T st TQARRQS e ST (e
etched off so that the first anti-HF |ayer 202 is exposedg(see FIG 5E).
Wien pi nholhes 783 aradhamivds dedl 8t YHSSBI3Hdh RIS &5 thdTF (¥ st
anti-HF | ayer 202 as shown in FIG 7, hydrofluoric acid tries to penetrate
further to&%he second anti-HF |layer 203 through the pinholes 232. There
is, however, an extrenely |ow probability in the formation of the pinholes
233 in the second2anthowB liay&AG.208 . ae skeosdmsubstaeitengd24s1€hBSPitnhol es
332 formed in the first anti-HF |ayer 202.. Hydrofluoric acid, therefore,
mounted on the first adhesive layer 223 and, while
pressing the second substrate 224 toward the first
substrate 201, the resulting intermediate construction is
allowed to cool down to room temperature. As the second
substrate 224, a molybdenum (Mo) substrate of 1 mm
" thickness can be used, for example. As an alternativg, it
is possible to coat a hot melt adhesive on the second
substrate 224 and then to mount the first substrate 201,
on which the layers ranging from the first anti-HF layer
202 to the thin-film device layer 221 have been formed,
on the thus-coated hot melt adhesive with the thin-film
device layer 221 being directed toward the second
subsfrate 224.
Reference is next had to FIG. 5D. An intermediate
construction with the second substrate 224 bonded thereto’
via the first adhesive layer 223 is then dipped in
hydrofluoric acid 225 to perform etching of the first
substrate 201. Because the molybdenum layer as the first

anti-HF layer 202 is not etched with the hydrofluoric

acid 225, the etching automatically stops at the first
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does not penetrate to the side of the thin-filmdevice [|ayer 221 beyond
the second anti-HF |ayer 203. |If the second anti-HF | ayer 203 were not
formed, the hydrofluoric acid which has penetrated through the 30 pinholes
232 woul d penetrate to the thin-filmdevice |ayer 221 so that the
hydrof l uoric acid woul d damage the thin-filmdevice |ayer 221. As the
thin-filmdevice fabricated by the process according to the second
enbodi nent is for use in a reflection liquid crystal display, no problem
arises in disphﬁy performance_even if three_is the

[

, ague | ayer . ,
under neat h e T ¥4 ImPevi cdLiapérasaye ?ﬁeFBFoF@&EPﬁgu°5&¥i9El§ubstrate
i s subsequently conbined with an opposite substrate, and between the
subst rat es 2% 19MRAYeE MERealls L1q|jIEstiaW v Wishtdeoraanfratiay &fal cel | .
This work can be performed by conventional assenbling steps for |iquid
crystal celd0s5. | Withesubbvandeschiebéd phecesshaneordingces PResesecond
enbodi nent for the fabrication of the thin-film device, the first anti-HF
| ayer 202 &t sewond eantat B S5 [heyers 203heaygodesikabtyobeofaddeof materi al s
at least one of which is not etchable with any common chem cal

hydrofluoric acid 225 -and the etching time with the
hydrcofluoric acid 225 may be changed without any problem
insofar as the glass of the first substrate 201 can be
fully etched off.

As a result of the above-described etching with the
hydrofluoric acid 225, the first substrate 201 (see FIG.
SD) is fully etched off so that the first anti-HF layer
202 is exposed (see FIG. 5E) .

When pinholes 232 are contained in the molybdenum
layer as the first anti-HF layer 202 as shown in FIG. 7,
hydrofluoric acid tries to penetrate further to the
second anti-HF layer 203 through the pinholes 232. There
is, however, an extremely low prebability in the
formation of the pinholes 233 in the second anti-HF layer
203 at the same locations as the pinholes 332 formed in
the first anti-HF layer 202. Hydrofluoric acid, therefore,
does not penetrate to the side of the thin-film device
layver 221 beyond the second anti-HF layer 203. TIf the

second anti-HF layer 203 were not formed, the

hydrofluoric acid which has penetrated through the

30




solution (the m xed acid). In the above-described process according to the
second enbodi nent for the fabrication of the thin-film device, the
protective |ayer 205 which serves to protect the thin-filmdevice |ayer
221 fromthe chem cal solution is forned of at |east two | ayers having
resistance to 31 hydrofluoric acid used upon renoval of the first

substrate 201, specifically the first anti-HF [ayer 202 nmade of nol ybdenum
and the second anti-HF | ayer 203 made of anorphous silicon. Practically

speaki ng, the rotective layer is hence arranged as.two.or.npre |ayers.
Even if hy8*8PP SFi%%chSUFgaPﬁgg%Fﬁgei%ﬁe?aﬁrggégt?&ém ngér (second
anti-HF | ayer 203) through the pinholes 232 fotgpd in tge oute% %rotective
| ayer (fir ﬁyﬁﬁtﬁzﬁFsPa$gFt 5§5) hYEERESHOL s 8F o "] e Ad82lAE e TP he
intermediate construction is maintained in contact with hydrofluoric
acid, it i&hdpfiilposisiviice feYsredént at the second anti- HF layer 203 any
further penetration of hydrofluoric acid to the side of the thin-film
devi ce | ayer 221.AFhshepthhot&ilp3gevigs fabrheatedshyahliesRERRESANti - HF
| ayers 202,203, which have resistance to HF to be enployed upon renoval
of the firstcceoudsnatte 20, sacendeeybsddmendnds for use in a
| reflection liquid crystal display, no problem arises in
display performance even if three is the opaque layer
underneath the thin-film device layer 221. Therefore, the
active substrate is subsequently combined with an
opposite substrate, and between the substrates, a liguid
crystal is injected to provide a liquid crystal cell.
This work can be performed by conventional assembling
steps for liquid crystal cells.
In the above-—described pfocess according to the
second embodiment for the fabrication of the thin-film
_device, the first anti-HF layer 202 and second anti-HF
layer 203 may desirably be made of materials at least one
of which is not etchable with any common chemical
solution (the mixed acid).
In the above-described process according to the
second embodiment for the fabrication of the thin-film
device, the protective layer 205_which serves to protect

the thin-film device layer 221 from the chemical solution

is formed of at least two layers having resistance to
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occur at random Accordingly, the probability that the pinholes 232 and
233 woul d be forned at the sanme locations is extrenely |low. The
above-described anti- penetration neasure nmakes use of this extrenely |ow
probability. Let's assune, for exanple, that pinholes 232, 233 are forned
in the first and second anti-HF |layers 202,203 having resistance to
hydrofl uoric acid to be used upon renoval of the first substrate 201. Even
if the 32 hydrofluoric acid penetrates through the first anti-HF |ayer

202, there_ is t second anti-HE | ayer 2 e e .l ayer. The
hydrofluorP¥%§8?EuP§}ctﬁgﬁ §PEd |8c%8§%F%§ré2 ﬁP%h%?Egtfirst and second

anti-HF | ayers 202, havi ng r.esistance to_hydrofl.uori i.d
penetratioﬁuBﬁtﬁ?&Po%B or i*®S 3ﬁécﬁ&i@hggﬁhﬁﬁyf¥lﬁP&éJ%ELﬁa&%fe20521 can be
surely prevented. Accordingly, transfer- rel ated defg%ys can be gecreased.
Wth referBAfe £§ PPESPIERYHAGGYFNEOBECRN IS dRYRY I Uielf%e made

about a process according_to a third enbodi ment of the gresent i nvention
for the fafrc@erphaust sd ltision f | PrraBIFReLY speepkiedlr| Pgbout steps for
forming an active matrix substrate on a plastic substrate by a transfer
met hod f or pre¢ ekabriecdiver dfs dence arranged as two or more ‘layers. :

Even if hydrofluoric acid reaches the inner protective
layer (second anti-HF layer 203) through the pinholes 232
formed in the outer protective layer (first anti-HF layer
202) located closer to a side where the intermediate
construction is maintained in contact with hydrofluoric
acid, it is still possible to prevent at the second anti-
HF layer 203 any further penetration of hydrofluoric acid
to the side of the thin-film device layer 221. The
pinholes 232, 233 in the first and secqnd anti-HF layers
202,203, which have resistance to HF to be employed upon
removal of the first substrate 201, are very small and
occur at random. Accordingly, the probability that the
piﬁholes 232 and 233 would be formed at the same
locations is extremely low. The above~described anti-
penetration measure makes use of this extremely low
probability. Let’s assume, for example, that pinholes 232,
233 are formed in the first and second anti-HF layers
202,203 having resistance to hydrofluoric acid to be used

upon removal of the first substrate 201. Even if the
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active-matrix-type organic el ectrolum nescence (EL) display. As
illustrated in FIG 8A, a glass substrate or silica substrate of
approximately 0.4 to 1.1 nmthickness is used as a first substrate 301
which will serve as an original substrate. A first anti-HF |layer 302
having resistance to hydrogen fluoride and hydrofluoric acid, a second
anti-HF | ayer 303 having resistance to hydrogen fluoride and hydrofluoric
acid, and a first insulating |ayer 304 are forned one by one fromthe

| owest | ayer on 33 the first substrate 301§%f0r exanpl e, a glass_ substrate
of 0.7 mm URCIHERIGT TS B oY id a1 LT oot h vl Ay Hhe 505 8T THE 115t anti - He
| ayer 302 is arranged by formng, for exanple, a nolybdenum (M) filmto
an il lustrat3XRF tH7cknElerof 150 ainteatRd stebhdlBant3 Y ¢ 143635 0P i s
arranged by formng, for exanple, alum num oxide (A1203) filmto an
i |1ustrati VEIMEKESERT of TG0 hdr ofHaomicsaciichsid attingg afayer 304 is
provided by formng, for exanple, a silicon oxide (SiQ2) layer to a
t hi ckness dil®UrGnthemhe FolYbdérsurhifdstmaat ssanmichemtdxifide Maviepscan be
formed by sputtering, while the silicon oxide |ayer can be fornmed by
pl asma CVD {Eheii T adtaviporreeposat¢®me hydrofluoric acid, .
penetration of hydrofluoric acid to the thin-film device
layer 221 can be surely prevented. Accordingly, transfer-
related defects can be decreased.
With reference to FIGS. 8A through 10B, a
description will next be made about a process according
to a third embodiment of the present invention for the
fabrication of a thin-film device, specifically about
steps for forming'an active matrix substrate on a plastic
substrate by a transfer method for the fabrication of an
active—matrix-type organic electroluminescence (EL)
diéplay.
As illustrated in FIG. 8A, a glass substrate or
silica substrate of approximately 0.4 to 1.1 mm thickness
is used as a first substrate 301 which will serve as an
original substrate. A first anti-HF layer 302 having
resistance to hydrogen fluoride and hydrofluoric acid, a
second anti-HF layer 303 having resistance to hydrogen

fluoride and hydrofluoric acid, and a first insulating

layer 304 are formed one by one from the lowest. layer on
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Athin-filmtransistor (TFT) is then forned as a thin-filmdevice |ayer by
a lowtenperature polysilicon bottomgate thin-filmtransistor (TFT)
process such as that described, for exanple, in ""'99 Latest Liquid

Crystal Process Technol ogy”, 53-59, Press Journal Inc., Tokyo, 1998 or
"Fl at Panel Displays 1999", 132-139, N kkei Business Publications, Inc.,
Tokyo, 1998. Described specifically, as showmn in FIG 9, a gate electrode
306 is forned on the protective |ayer 305, for exanple, with a nol ybdenum
film This ggte el ectrode 306 can be fornmed by conventi onal

phot ol i t hogFaBh{*4R4 EPERtAGtEeERAi fes. exagmle i nsallassonubstma867 s
formed, 34 for exanple, with a silicon oxide (Si02) layer or with a

| ami nat e coffpoled BR Zhirkresa) okidere8ioe) a myeteandva lsikkcdOS5nitride
(SiNg) layer such that the gate electrode 306 is covered by the gate

i nsul ation TRenf30%t paticHAt Aapatri 8A2wikhatrhengatdebiyngokat hgn Fbkm 307, an
anor phous silicon layer (thickness: 30 nmto 100 nn) is forned further. A
pul sed XeC e¥smpher hameilybdammn ttHop fiamelenghhiofiud®@8aam,es irradiated

to the anorphous silicon layer to nelt and recrystallize it such that a
pol ysili conthageness 66rfed as.a Ty Haddhdeastllg®Mayer 303 is
arranged by forming, for example, aluminum oxide {A1,03)
film to an illustrative thickness of 200 nm. The first
insulating layer 304 is provided by forming, for example,
a silicon oxide (Si0;) layer to a thickness of 500 nm.
The molybdenum film and aluminum oxide film can be formed
by sputtering, while the silicon oxide layer can be
formed by plasma CVD (chemical vapor deposition).
A thiﬁ—film transistor (TFT) is then formed as a
- thin-film device layer by a low-temperature polysilicon
bottom—-gate thin-film transistor (TFT) process such as-
that described, for example, in “'99 Latest Liquid
~Crystal Process Technology”, 53-59, Press Journal Inc.,
Tokyo, 1998 or “Flat Panel_Displays 19997, 132-139,
Nikkei Business Publications, Inc., Tékyo, 1998,
Described.specifically, as shown in FIG. 9, a gate
electrode 306 is formed on the protective layer 305, for
- example, with a molybdenum film. This gate electrode 306

can be formed by conventional photolithography and

etching techniqgues. A gate insulation film 307 is formed,
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| ayer. Using this polysilicon layer, a polysilicon layer 308 is forned to
provi de a channel -form ng region. Forned on each side of the polysilicon

| ayer 308 are polysilicon |ayers 309 conposed of an n- dope region and a
polysilicon Ilayer 310 conposed of an n+ dope region. As appreciated from
the foregoing, each active region is formed as an LDD (lightly doped
drain) structure conpatible with both a high on-current and a | ow
off-current. On the polysilicon |ayer 308, a stopper |ayer 311 is forned,
for exanple, with a silicon oxide (Si2) |layer to protect the channel
upon i npl afcat iepanpflen pHddplorsdd licoms oxBylepl @s:Pa) CVyen passitvlatiaon film
312 is formed further with a silicon oxide (Si02) layer or with a

| ami nat e cdérposedeofcoapsisieidc oif axisdé 1cSn02k ilday aisianl AaPsrsahdcan nitride
(SiNs) layer. On the passivation film 312, a source electrode 313 and

drai n el ectsiddeocdl4iard deor(ged,) [eyeexaupherhuit bhal gatouslsuthoddat these
el ectrodes are connected to the individual polysilicon |ayers 310. A

protective 3ioms Ulsatio®e Hedly @ 3he gstkhemshaLmeén fiam eyamplen wWith a
met hyl - net hacryl at e-based resin, for exanple, by the spin coating nethod

such that that3eueeonehaets ete 3h3e the.dhaiikqeleaty ade 344 and the Iike
ar e

amorphous silicon layer (thickness: 30 nm to 100 nm) is
formed further. A pulsed XeCl excimer laser beam with a
wavelength of 308 nm is irradiated to the amorphous .
silicon layer to melt and recrystallize it such that a
polysilicon layer is formed as a crystalline silicon
layer. Using this polysilicon layer, a polysilicon layer
308 is formed to provide a channel-forming region. Formed
on each side of the polysilicon layer 308 are polysilicon
layers 309 composed of an n” dope region and a polysilicon
layer 310 composed of an n' dope region. As appreciated
from the foregoing, each active region is formed as an
LDD (lightly doped drain) structure compatible with both
a high on-current and a low off-current. On the
polysilicon layer 308, a_stopper layer 311 is formed, for
example,-with a silicon oxide (8i0;) layer to protect the
channel upon implantation of n~ phosphorus ions.

By plasma CVD, a passivation film 312 is formed
further with a silicon oxide (Si0;) layer or with a

laminate composed of a silicon oxide (5i0;) layer and a
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covered by the protective insulation |layer 315. To permt connection of
the source electrode 313 wth an anode of an organic EL el enent to be
formed subsequently, the protective insulation |ayer 315 is then renoved
by a conventional photolithographic technique and etching technique at a
portion thereof |ocated adjacent the source electrode 313 and the anode.
On the protective insulation |ayer 315, an organic EL elenent is then
formed. The organic EL elenent is conposed of an anode 316, an organic
| ayer, and. a cat hode, As, the anode 316, an alum num (Al)_ film.is
f or med, fcﬁ & |1éltw?%ptﬁlt%w) ¥&fch ORattheh@3gsdmthdmn AY £5%2m i s
connected to the source electrodes 313 of  individual TFTs to permt
feeding of % TAWFEht SL1ekEYPENdRAE | §1Fo HRENs GdLEETBRBCBAddE B R P
organic layer has a structure in the formof a 36 |am nate of an organic
hol e transpo?® $3/erisa1 7 idnd adimisrgans eckenihaterthepgere 1@ roadas G¥fani ¢
hol e transport |ayer 317 can be forned, for exanple, to a thickness of 30
nm by vapom@ﬁﬁﬁﬁﬁQd(ﬂp(ﬁhaxﬂnﬂﬂV#ﬂudkﬂmm%&ﬂﬁlﬁﬂomkiaﬁdns(ﬁkﬁunc emtter
| ayer 318, Al g3 [tris(8 hydroxyquinolinolato)alumnum(1l1)] can be applied
as a A protective insulation layer 315 is then formed,

for example, with a methyl-methacrylate-based resin, for

example, by the spin coating method such that the source

electrode 313, the drain electrcde 314 and the like are

covered by the protective insulation layer 315. To permit

connection of the source electrode 313 with an anode of

an organic EL element td be formed subseguently, the

protective insulation layer 315 is then removed by a

conventional photolithographic technique and etching

technigque at a portion thereof located adjacent the

source electrode 313 and the anode.

On the protective insulation layer 315, an organic

EL element is then formed. The organic EL element is

composed of an ancde 316, an organic layer, and a cathode

319. As the anode 316, an aluminum (Al) film is formed,

for example, by sputtering such that the aluminum (Al)

film is connected to the source electrodes 313 of

individual TFTs to permit feeding of a current

independently to the source electrodes 313.

The organic layer has a structure in the form of a
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green color to a thickness of 50 nm Bathocuproine (2,9-
di nmet hyl - 4, 7- di phenyl - 1, 10- phenant hroline) as a blue color to a thickness
of 14 nm and BSB-BCN [ 2, 5-bi s{4- (N
met hoxyphenyl ) - N- phenyl am no] styryl } benzene-1, 4- dicarbonitrile] as a red
color to a thickness of 30 nm all by vapor deposition. As the cathode
319, ITO can be used. In the above-described fabrication process according
to the third enbodi nent, the organic EL el enent adopted the
above-descrj bed structure As the el ectrodes, however, it is possible to
use conventtIREPEYEKPABVR seFIRRLF eBO hRkE Fanepnbt nbavese3bf @@ca® on
transport layers, hole transport layers, electron injection layers, hole
injection |ayér3icepmiiton biveki ay8 | aydrs onysrs.c Mcdekitmpnsraydr s and
emtter layers. Further, a passivation film320 is fornmed to cover the
cat hode el ekayede3B19can rbe hfsreedpdfoentxampsé) | tona tihickoess SSBN4) film
can be forned as the passivation film 37 320, for exanple, to a thickness
of 300 nm b30 sputhbervagor dspanialseroft cygpet hehlasboapdndne f i law 320 may
also be forned by CVD, vapor deposition or the |ike. The construction
rangi ng frothé¢ herddrdid ayeitter theyer 318, Alg3 [tris (8-

hydroxyquinolinolato)aluminum(III})] can be applied as a

green color to a thickness of 50 nm, Bathocuproine (2,9~

dimethyl-4,7-diphenyl-1,10~phenanthroline) as a blue

color to a thickness of 14 nm, and BSB-BCN [2,5-bis{4-(N-

methoxyphenyl)-N-phenylamino}styryllbenzene-1, 4~

dicarbonitrile] as a red color to a thickness of 30 nm,

all by vapor deposition.

As the cathode 319, ITO can be used.
- In the above-described fabrication process

according to the third embodiment, the'organic EL element

adopted the above-described strucfure. As the electrodes,

however, it is possible to use conventionally known

structures making combined use of electron transport

layers, hole transport layers, electron injection layers,

hole injection layers, electron blocking layers, hole

blocking layers and emitter layers.

Further; a passivation film 320 is formed to cover

the cathode electrode 319. In this embodiment, a silicon

nitride {(8i3Ng) film can be formed as the passivation £ilm
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organic EL layer will hereinafter be called "the thin- filmdevice |ayer".
A description will next be made about steps for transferring the thin-film
device layer from the first substrate 301 onto a plastic substrate. As
descri bed above with reference to FIG 8A, an internediate construction
has been obtained by formng the first anti-HF |ayer 302, the second
anti-HF |ayer 303, the first insulating |ayer 304 and the thin-filmdevice
| ayer 321 on the first substrate 301. Reference is now had to FIG 8B.
Wil e heating the internmediate construction at 80C to_140C on a hot plate
322, a firste0 adifesisranmdhfer 23 it igmase BE SOt My PYf GPUESEEHIE - a  hot
melt adhesive to an illustrative thickness of 1 mnmor so. As shown in FIG
8C, a secorftf substrtmnad2ad s tex tragrsvrttddrorf itlfe 320 savagdéesi we | ayer 323
and, while pressing the second substrate 324 toward the first substrate
301, the resunachdey MiveEr nedipate dgrstirtictn ar ithe dlikewed to cool down to
roomtenperature. As the second substrate 324, a nol ybdenum (M) substrate
of .1 mm 38 thi ckneae eansheuusedn trahgexgmilrem AbkecafiFdl f.eyratitvethet is
possible to coat a hot nelt adhesive on the second

organic EL layer will hereinafter be called “the thin-

£ilm device layer”. A description will next be made about

steps for transferring the thin-film device layer from

‘the first substrate 301 onto a plastic substrate.

As described above with reference to FIG. BA, an

intermediate construction has been obtained by forming

the first anti-HF layer 302, the second anti-HF layer 303,

the first insulating layer 304 and the thin-film device

layer 321 on the first substrate 301. Referencé is now

had to FIG. 8B. While heating the intermediate

construction at 80°C to 140°C on a hot plate 322, a first

adhesive layer 323 is formed by coating, for example, a

hot melt adhesive to an illustrative thickness of 1 mm or

.'SO.

As shown in FIG. 8C, a second substrate 324 is next

‘mounted on the first adhesive layer 323 and, while

pressing the second substrate 324 toward the first

substrate 301, the resulting intermediate construction is

allowed to cool down to room temperature. As the second

substrate 324, & molybdenum (Mo) substrateiof_l mm
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substrate 324 and then to nount the first substrate 301, on which the
| ayers ranging fromthe first anti-HF layer 302 to the thin-filmdevice
| ayer 321 have been fornmed, on the thus-coated hot nelt adhesive with the
thin-film device | ayer 321 being directed toward the second substrate
324. Reference is next had to FIG 8D. An internediate construction with
the second substrate 324 bonded thereto via the first adhesive |ayer 323
is then dipped in hydrofluoric acid 325 to performetching of the first
substrate 301. Because the nolybdenum | ayer as the first anti-HF |ayer 302
i s not etch8dCKineRst Ranhpér obledor ifer gzhup3es, Aheartehiegnautowatital |y
stops at the first anti-HF layer 302. Illustrative of the hydrofluoric
acid 325 espboyedbher &oi soamne ahhvitngedtwedygksivencanthat segonofl 50% W th
such an etchant, the etching tinme can be set, for exanple, at 3.5 hours.
The concensuasicontef 32he anky dhehl wor meuaci dhd25iasd thesetrahengotinme with
the hydrofluoric acid 325 may be changed w thout any problem insofar as
the gl ass oh wheéchi tht sufstrsatrand@igca@roke thbulthyset ghed-aff 1a§\éra resul t
of the above-described etching with the 39
302 to the thin-film device layer 321 have been formed,
on the thus-coated hot melt adhesive with the thin-film
device layer 321 being directed toward the second
substrate 324.
Reference is next had to FIG. 8D. An intermediate
construction with the second substrate 324 bonded thereto
via the first adhesive layer 323 is then dipped in -
hydrofluoric acid 325 to perform etching of the first
substrate 301. Because the molybdenum layer as the first
anti-HF layer 302 is not etched with the hydrofluoric
acid 325, the etching automatically stops at the first
- anti-HF layer 302. Illustrative of the hydrofluoric acid
325 employed here is one having a weight concentration of
50%. With such an etchant, the etching time can be set,
for example, at 3.5 hours. The concentration of the
hydrofluoric acid 325 and the etching time with the
hydrofluoric acid 325 may be changed without any problem
insofar as the glass of the first substrate 301 can be

fully etched off.

As a result of the above-described etching with the
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hydrofluoric acid 325, the first substrate 301 (see FIG 8D) is fully
etched off so that the first anti-HF layer 302 is exposed (see FIG 8E).
When pi nhol es 332 are contained in the nol ybdenum |ayer as the first
anti-HF | ayer 302 as shown in FIG 10A, hydrofluoric acid tries to
penetrate further to the second anti-HF |ayer 303 through the pinholes 332.
There is, however, an extrenely |low probability in the formation of the
pi nhol es 333 in the second anti-HF | ayer 303 at the same |ocations as the
pi nhol es 232 forned in the first anti-HF | ayer 302. Hydrofluoric acid,

t her ef or e, hybest Inwtrigeretirdati? 3,0 thee Side afulidte-stta B0 | (vedeWIGe | ayer
321 beyond the second anti-HF |layer. 303. If the second anti-HF |ayer 303
were not fdmed,s tha Iy drtafHadrd i ael dha ahehas mpanelrtat-edr tihvewgh t he

pi nhol es 332 woul d penetrate to the thin-filmdevice |ayer 321 so that the

hydr of | uorigmzacid sapdstdamsmge e deh)i n-fil m device layer 321. As
illustrated in FIG 10B, the nol ybdenum (thickness: 300 nn) as the first

anti-HF [ ayer 302ynhtgeginkb®es19A) 'a%‘ret B@ﬂtﬁ&ﬁ@@dlﬂf Enwl ﬁBl?b&bﬁ@H aci d
[for exanple, phosphoric acid (H3PO4 2 M%+ nitric acid® (HNG3) 3 wt % +

acetic aci d 4&#HBGOn 10 2 - aﬂﬁll@$efayer 302 as shown in FIG. 10A,
hydrofluoric acid tries to penetrate further to the
second anti-HF layer 303 through the pinholes 332. There
is, however, an extremely low probability in the
formation of the pinholes 333 in the second anti-HF layer
303 at the same locations as-the pinholes 232 formed in
the first anti-HF layer 302. Hydrofluoric acid, therefore,
does not penetrate to the side of the thin-film device
layer 321 beyond the second anti-HF layer 303. TIf the
second anti-HF layer 303 were not formed, the
hydrgfluoric acid which has penetrated through the
pinholes 332 would penetrate to the thin—film.device
layer 321 so that the hydrofluoric a&id would damage the
thin-film device layer 321.

As illustrated in FIG. 10B, the molybdenum
(thickness: 300 nm) as the first anti-HF layer 302 (see
FIG. 10A) is then etched off with a mixed acid [for
example, phosphoric acid (HzPQO4) 72 wt% + nitric acid
(HNO3) 3 wt% + acetic acid (CH3¢OOH) 10 wt%l. It takes

about 1 minute to etch off the molybdenum layer of 500 nm
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about 1 mnute to etch off the nol ybdenum |l ayer of 500 nm 40 thickness with
the m xed acid. As this m xed acid does not etch the silicon oxide as the
second anti-HF layer 303, the etching automatically stops at the second
anti- HF layer 303. In the above-described third enbodi nent, the first
anti-HF | ayer 302 was renoved by using a solvent (the mxed acid) It may
be renoved by dry etching. Mlybdenumas the first anti-HF [ ayer 302 can
be renoved by dry etching while using a gas conposed in conbination of

sul fur hexafl uoride (SF6) and oxygen (02) (for exanple, by reactive ion

et chi ng) Undeickiess cohich tilom, mided adidd nm otiide niaypdr aasdt Heesecond
anti-HF layer 303 is not etched, so that the etching autonmatically stops

at the second amnth -Hie | @yl c@0ox Fds therthé hee Seeonch @ntir Heayer 303 and
the first insulating | ayer 304 are both transparent to visible |Iight and

are both irmsd atinyg deyelsy dhbginat 4 SopH ol ngpdedcarringly. In
t he above-described third enbodi nent, the second anti-HF | ayer 303 and the
first insutmtifigedayes. 304 were not renoved. Conpared with the second

enbodi nent, the third
In the above~described third embodiment, the first

anti-HF layer 302 was removed by using a solvent (the
mixed acid). It may be removed by dry etching.
Molybdenum as the first anti-HF layer 302 can be removed
by dry etching while using a gas composed in combination
of sulfur hexafluoride (SF¢) and oxygen {0;z) (for example,
by reactive ion etching). Under this condition, the
aluminum oxide layer as the second anti~HF layer 303 is
not etched, so that the etching automatically stops at
the second anti-HF layer 303.

Further, the second anti-HF laver 303 and the first
insulating layer 304 are both transparent to visible
light and are both insulating layers. Their removal is
not needed, accordingiy. In the above-described third
embodiment, the second anti-HF layer 303 and the first
insulating layer 304 were not removed.

Compared with the.second embodiment, the third
embodiment has a ﬁerit that owing to the formation of the
second anti-HF layer 303 with the transparent material,

its etching can be obviated to result in the fewer
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enbodi mrent has a nerit that owwng to the formation of the second anti-HF
| ayer 303 with the transparent material, its etching can be obviated to
result in the fewer 41 etching steps. The first anti-HF |ayer 302 was
formed wth nolybdenum but it can be fornmed with any appropriate
material other than the material of the second anti-HF |ayer 303. Usable
exanpl es i nclude tungsten, anorphous silicon, polycrystalline silicon,

al um num oxi de, nagnesi um fluoride (MgF2) , calciumfluoride (CaF2)
silicon carbide (SiC), anorphous dianond, benzocycl obutene-based resins,
pol yi mi des e&mdimige sltisks.. For the-second anti-HF [ ayer 303, on the other
hand, al um num oxi de was used. It is, however, possible to use a
transparent naterifhe fuchtasnthghBEsiapef| Q0L des( BgER¥d wiahci um fl uori de
(CaF2) or a transparent polyimde. There is, however, one condition in
thi s respeablybd@hnuns, dute itf idasit bantfiordfed ayeh 302 apgroheiseeond anti - HF
| ayer 303 are not etched by the sane chem cal solution. The subsequent

steps rangmagefriom iditheaOmHamattheN mawelrl 2A RIASiHC selddsidr ahe itart he renoval
of the hot nelt adhesive, can be conducted in a simlar manner as in the

layer 303. Usable examples include tungsten, amorphous
silicon, polycrystalline silicon, aluminum oxide,

magnesium fluoride (MgF:), calcium fluoride (CaFz),

silicon carbide (5iC), amorphous diamond,
benzocyclobufene-based resins, poiyimides and the like;

For the.second anti-HF layer 303, on the other hand,

aluminum oxide was used. It is, however, possible to use

a transparent material such as magnesium fluoride (MgF3},
calcium fluoride (CaF;) or a transparent polyimide. There
- is, however, one condition in this respect, that is, thé‘
first anti-HF layer 302 and the secqnd anti-HF layer 303

are not etched by the same chemical solution.

The subsequent steps ranglng from the combination

witﬁ a plastic substrate to the removal of the hot melt
adhesive, can be conducted in a similar manner as in the
above-described, first embodiment or second embodiment.
.Subsequent to the formation of the thin-film device layer

on the plastic subsﬁrate through the above—descfibed

steps, conventional fabrication steps for organic EL

elements can be conducted to provide a display.
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|

above-described, first enbodi nent or second enbodi nent. Subsequent to the
formation of the thin-filmdevice |layer on the plastic substrate through
t he above-described steps, conventional fabrication steps for organic EL
el enents can be conducted to provide a display. 42 In the above-descri bed
process according to the third enbodi nent for the fabrication of the
thin-film device, the protective |ayer 305 which serves to protect the
thin-filmdevice |ayer 321 fromthe chem cal solution is forned of at
| east two | ayers having resistance to hydrofluoric acid used upon renoval
of the first subdffy &the IPPVvesElEsiaribsd progess escoafinoHtol 4h6r 302 made
of mol ybdenum and the second anti-HF |ayer 303 nade of alum num oxi de.
Practi cal | ytkpedkémpodihenprivecthy efabmyertion ehcehearttengeti las two or
nore |ayers. Even if hydrofluoric acid reaches the inner protective |ayer
(second antdevct ayene 3033 t¢ditr Doghl djeer pi Wh ofleiscB 3 rfey nied prpitdet out er
protective layer (first anti-HF |layer 302) located closer to a side where
t he int er medhat €hicofblm uddv Die | Bayet N2l NBxtbrh NEIcO ok oM 1T hsdieltiafd uori c
acid, it is still possible to prevent at the second anti- HF |ayer 303 any
further pengdradimes oir hydroddsorivo acders having resistance to

hydrofluoric acid used upon removal of the first

substrate 301, specifically the first anti-HF layer 302

made of molybdenum and the second anti-HF layer 303 made

of aluminum oxide. Practically speaking, the protective

layer is hence arranged as two or more layers. Even if

hydrofluoric-acid reaches the inner protective layer

(second anti-HF layer 303) through the pinholes 332

formed in the outer protective layer (first anti-HF layer

302) located closer to a side where the intermediate

construction is maintained in contact with hydrocfluoric

acid, it is still possible to prevent at the second anti-

HF layer 303 any further penetration of hydrofluoric acid

to the side of the thin-film device layer 321. The

pinholes 332,333 in the first and second anti-HF layers

302,303, which have resistance to hydrofluoric acid to be

employed upon removal of the first substrate 301, are

very small and occur at random. Accordingly, the

probability that the pinholes 332 and 333 would be formed

at the same locations is extremely low. "The above-
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to the side of the thin-filmdevice |ayer 321. The pinholes 332,333 in the
first and second anti-HF | ayers 302,303, which have resistance to
hydrofluoric acid to be enployed upon renoval of the first substrate 301,
are very small and occur at random Accordingly, the probability that the
pi nhol es 332 and 333 would be formed at the same locations is extrenely

| ow. The above 43 described anti-penetrati on neasure nakes use of this
extrenely | ow probability. Let's assunme, for exanple, that pinholes
332,333 are forned in the first and second anti-HF |ayers 302,303 having

resi stance desdwised |d1ati-pemaird dimrbendisad ¢ peikasemzalo foftHilke fir st
substrate 301. Even if the hydrofluoric acid penetrates through the first

anti - HF | ays8ft 8% 1 henhe drodaie 1se6ond 1@kt is- HEsulayefo303xamplibe second
| ayer. The hydrofluoric acid is, therefore, blocked there. Wth the first

and second @{i{ -pi¥hd AyerH B0 B3 havd e d 88 HaNes A il afddiard ¢ aci d,
penetration of hydrofluoric acid to the thin-filmdevice |ayer 321 can be

surely pr eVt etie ASSALAL )3 dd ANNTRL &l A Ser by A iR decr eased

Wth reference to _ rication art shown in FIFGS. 11A through
11E a descgrj:ipé"ggﬁ%ldse@)gpo%e rrg%jo%al of the first substrate 301.

. Even if the hydrofluoric acid penetrates through the
first anti-HF layer 302, there is the second anti-HF

‘léyer 303 as the second layer. The hydrofluoric acid is,
therefore, blocked there. With the first and second anti-
HF layers 302,303 having resistance to hydrofluoric acid,
penetration of hydrofluoric acid to the thin-film device
layer 321 can be surely prevented. Accordingly, transfgr—
related defects can be decreased.

Witﬁ reference to the fabrication flowchart shown
in FIGS. 11A through 11E, a description will next be made
about a process accprding to a fourth embodiment of the
present invention for the fabrication of a thin-film
device, specificaily about steps for forming a
transmission active substrate on a plastic gsubstrate by a
transfer method for the fabrication of a liquid crystal
display.

As illustrated in FIG. 11A, a glass substrate or
silica substrate of approximately 0.4 to 1.1 mm thickness

is used as a first substrate 401 which will serve as an
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about a process according to a fourth enbodi nent of the present invention
for the fabrication of a thin-film device, specifically about steps for
forming a transm ssion active substrate on a plastic substrate by a
transfer method for the fabrication of a liquid crystal display. As
illustrated in FIG 11A, a glass substrate or silica substrate of
approximately 0.4 to 1.1 mmthickness is used as a first substrate 401
which will serve as an 44 original substrate. By sputtering, for exanple,
an isolation | ayer 402 is then forned on the first substrate 401 (for

exanpl e, a Ghagembsiale Q. Oo¢ ERLhLskngeskor Tolapisol gk on layer 402

can be forned y depositing, for~ exanple mol ybdenum (M) filmto a

thi ckness ofsdy P0fn My &t g8t Al N @1 493 3143 SeAAAd AN | - HNCE

| ayer 404 are then f one by one omer I"'ayer e isolation

| ayer 402. te secqn a er 40 ha e re i stance
431 [£d:51eAhiSS %dgalprotdﬁme VS o mm%hlc& y

to nitric, aC|d W Ve as ayer 4 5 upon rennva ‘of the

oLt Lon VIR S08 1040 LA 48 I ale T e T 08 L

|IIustrat|ve thkﬁgnesiwlybdenum {Mo) film to a thickness of 1,000
nm. A first anti-HNO; layer 403 and a second anti-HNO;
layer 404 are then formed one by one from the lower layer
on the isolation layer 402. The first and second anti-
HNO3; layers 403,403 have resistance to nitric, acid will
éerve as a protectivé layexr 405 upon removal of the
isolation layer 402 with niﬁric acid. The first anti-HNOj
layer 403 is arranged, for example, by forming an
aluminum oxide (Al,03) f£ilm to an illusfrative thickness
of 200 nm. The second anti- ‘HNQO3; layer 404 is provided by
forming, for example, a silicon oxide (Si0;)} film to an
illustrative thickness of 500 nm. The molybdenum film and
the aluminum oxide film'can be formed by sputtering,
while the silicon oxide layer can be formed by plasma CVD
(chemical vapor depoéifion).

As illustrated in FIG. 11B, a thin-film device

layer 421 with a thin-film transistor (TFT) included
therein is then formed on the protective layer 405 by a
low—-temperature polysilicon bottom-gate thih—film

transistor (TFT) process in a similar manner as in the
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of 200 nm The second anti- HNO3 |ayer 404 is provided by formng, for
exanple, a silicon oxide (Si02) filmto an illustrative thickness of 500
nm The nol ybdenum fil mand the alum num oxide filmcan be formed by
sputtering, while the silicon oxide |layer can be formed by plasma CVD
(chem cal vapor deposition). As illustrated in FIG 11B, a thin-filmdevice
| ayer 421 with a thin-filmtransistor (TFT) included therein is then
~formed on the protective layer 405 by a |owtenperature polysilicon
bottomgate thin-film transistor (TFT) process in a simlar manner as in
the 45 fir $tirekbetopdimenthe Tbar fhuehbodihedimestdisf diéherénonfrohe first
enbodi nent in that the thin-fil'mdevice |ayer 421 does not extend to the
end faces dhet liersubstbatgmnend irhéhend thac e ief file device ﬂmw@EV|ce | ayer
421 are covered by an upper protective |layer 407 nade of a

met hyl - met Hadr ybatenbaset teesi o Refee ke € acesnof e sabh@attlAndl n a
simlar manner as in the first enbodi nent, an internediate construction

has been ohhai red kbycker mfn@htehe;ulaolfauhp@edl@éerla@@ atohe spreot ective | ayer
405, the thin-filmdevice I|ayer 421 and the upper protective |ayer 407 on
the first covered by an upper protective layer 407 made of a
methyl-methacrylate-based resin.
Reference is now had to FIG. 11A. 1In é similar
manner as in the first embodiment, an intermediate
construction has been obtained by forming the isoclation
layer 402, the protective layer 405, the thin-film device
layer 421 and the upper protective layer 407 on the first
sgbstrate 401. While heating thé intermediate .
construction at 80°C te 140°C on a hot plate (not shown),
a first adhesive layer 408 is formed by coating, for
example, a hot melt adhesive to an illustrative thickness
of 1 mm or so. Aé illustrated in FIG. 11C, a second
substrate 409 is next mounted on the first adhesive layer
408 and, while pressing the second substrate 409 toward
.the first substrate 401, the resulting intermediate
construction is allowed to cool down to foom temperature.
As the second substrate 409, a molybdenum (Mo) substrate
6f 1 mm thickness can be used, for example. As an

alternative, it is possible to coat a hot melt adhesive

on the second substrate 409 and then to mount the first
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substrate 401. While heating the internediate. construction at 80C to 140C
on a hot plate (not shown) a first adhesive |layer 408 is fornmed by coating,
for exanple, a hot nelt adhesive to an illustrative thickness of 1 mmor
so. As illustrated in FIG 11C, a second substrate 409 is next nounted on
the first adhesive layer 408 and, while pressing the second substrate 409
toward the first substrate 401, the resulting internmediate construction
is allowed to cool down to roomtenperature. As the second substrate 409,
a nol ybdenum (Md) substrate of 1 nmthickness can be used, for exanple. As
an alternatihvetrate40boser bikich thatlayto: migimghbspwethen the second
substrate 409 and then to nmount the first 46 substrate 401, on which the

| ayers ranglseldtiorm the2 tsotlkeiwppd02ptotedei unpeayer od@tthaee |laymy 407
have been formed, on the thus-coated hot nelt adhesive with the upper
prot ective fagesd A0 behagtiths-ectated dvat dné he adiesonde swbsh ratie 409.
Reference is next had to FIG 11D. An internediate construction with the
second subsippte FScdontes 1heset 007 haidideifidSteddhesive tayer 408 is

then dipped in nitric acid to performetching of the nolybdenum of the
second substrate 409.

Referencé is next had to FIG. 11D. An intermediate
construction with the second substrate 409 bonded thereto
Via the first adhesive layer 408 is then dipped in nitric
acid to perform etching of the'molybdenum of the
isolation layer 402. 1In this etching, neither the
'protective layer 405 nor the uﬁper protective layer 407
is,etched._ The isolation laver 402 is soaked through the
end faces thereof with nitric acid to remove only the
isolation layer 402. As a result, the first substrate 401
and the remaining layers on the side of the thin-film
device layer 421 are separated from each other.

When pinholes 433 are contained in the aluminum
oxide layer as the first anti-HNO; layer 403 in the
protective layer 405 as shown in FIG. 11E, nitric acid
penet;ates through the pinholes 433 to the second anti-
VHNO3 layer 404 made of silicon oxide. There is, however,
an extremely low probability in the formation of pinholes
434 in silicon oxide film as the second anti-HNO; layer

404 at the same locations as the pinholes 433 formed in
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isolation layer 402. In this etching, neither the protective |ayer 405 nor
t he upper protective layer 407 is etched. The isolation |layer 402 is
soaked through the end faces thereof with nitric acid to renove only the
isolation layer 402. As a result, the first substrate 401 and the

remai ning layers on the side of the thin-film device |ayer 421 are
separated from each other. When pinholes 433 are contained in the al um num
oxi de layer as the first anti-HNO3 |layer 403 in the protective |ayer 405
as shown in FIG 11E, nitric acid penetrates through the pinholes 433 to
t he second @ i £iHNO S Ey-etNC04d avede 408 .si Wieoncoxitde, Thererfbse, however,
an extrenely | ow probability in the formati on of pinholes 434 in silicon
oxi de fil mdised heots quanst wid -td\Ochd ayiele M4t {He-SpimEn |Rsatdons as the
pi nhol es 433 forned in 47 the first anti-HNO3 |ayer 403. Nitric acid,

therefore, 14a0s 401 MepAd alie tddi Selrﬁ?l-QINd3hqatylélrn 4bial m devige |ayer

421 beyond the second anti-HNO3 | ayer 404. the “second HNO3 | ayer 404
were not fofdmshd heoNibies a0y i %th%%rfh%@et ﬂc%fee%lttﬁt ;Qughsghe pi nhol es
433 would penetrate to fhe thin-filmdevice layer o) that the nitric

aci d “DUldvﬁﬁﬂﬁg%&g“%édgﬂkgﬂédné¥¥6d§%lﬁﬂ@rbfg%%les 433 would

penetrate to the thin-film device layer 421 so that the
nitric acid would damage the thin-film device layer 421.

Fufther, the first anti~ HNO3; layer 403 and the
second anti— HNO; layver 404 are both transparent to
visible light and are both insulating layers. Their
removal is not needed, accordingly. In the above-
described fourth embodiment, the anti- HNO3 layer 403 and.
the second anti- HNO; layer 404 were not removed. In this
manner, an active substrate is formed.

The subsequent steps are similar to the
corresponding steps in the above-described first
embodiment. Némely, fhe active substrate is combined with
an opposite substrate, and between the active substrate
and the oﬁposite substfate, a liquid crystal 1s injected
to provide a liquid crystal cell. This work can be
performed by conventional assembling steps for liquid
crystal cells.

In the above-described process according to the

fourth embodiment for the fabrication of the thin-film
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Further, the first anti- HNO3 | ayer 403 and the second anti- HNO3 | ayer
404 are both transparent to visible light and are both insulating |ayers.
Their renoval is not needed, accordingly. In the above- described fourth
enbodi ment, the anti- HNO3 | ayer 403 and the second anti- HNO3 | ayer 404
were not renoved. In this manner, an active substrate is forned. The
subsequent steps are simlar to the corresponding steps in the
above-described first enbodinent. Nanely, the active substrate is conbi ned
with an opposite substrate, and between the active substrate and the
opposi te substicat e, the Inrpliectivestlaydrs 401 edtieth s proviadermtdacui d
crystal cell. This work can be perforned by conventional assenbling steps
for |iquid the ydtial-Tieln sievtitd Henvaho AR ldefsam bdde prioeeissa lacedndiirg: t o t he
fourth enbodi ment for the fabrication of the thin-film 48 device, the
protective dsayRirmb ovhith Seratescd pheiecthaditey thddrfiddagdend ce. | ayer
421 fromthe chemcal solution is forned of at |least two | ayers having

resi stance diari t4did agd<h UgRth WP senamtdond thesd idgdstsuhstrate

401, specifically the first anti-HNO3 | ayer 403 made of
401, specifically the first anti-HNOs; layer 403 made of
aluminum oxide and the second anti~HNQO; layer 404 made of
silicon oxide. Practically speaking, the protective layer
is hence arranged as two or more layers. Even if nitric
acid reaches the inner protective layer {second anti-HNO;
layer 404) through the pinholes 433 formed in the outer
protective layer (first anti-HNQO; layer 403) located
closer to a side where the intermediate construction is
maintained in contact with nitric acid, it is still
possible to prevent at the anti-HNO3; layer 404 any further
penetration of nitric acid to the side of the thin-film
device layer 421. The pinholeé 433,434 in the first and
second anti-HNO; layers-403;404, which have resistance to
nitric acid to be employed upon separation of the first
substrate 401, are very small and occur at random.
Accordingly, the probability that the pinholes 433 and
434 would be formed at the same locations is extremely
“low. The abové—described anti-penetration measuré makés

use of this extremely low probability. Let’'s assume, for

example, that the pinholes 433,434 are formed in the
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al um num oxi de and the second anti-HNG3 | ayer 404 made of silicon oxide.
Practically speaking, the protective layer 1is hence arranged as two or
nore layers. Even if nitric acid reaches the inner protective |ayer
(second anti-HNG3 |ayer 404) through the pinholes 433 forned in the outer
protective layer (first anti-HNO3 |ayer 403) |located closer to a side
where the internediate construction is maintained in contact with nitric
acid, it is still possible to prevent at the anti-HNOG3 | ayer 404 any
further penetration of nitric acid to the side of the thin-film device

| ayer 421. fhihestpianfiblses-o438 24134 -iHNG;he al/ekrst 488d408epaRdnanti - HNOB | ayers
403, 404, which have resistance to nitric acid to be enpl oyed upon

separ at i on refs isherddd o rSuhStd alg AGL 1R &y gﬁmlée 109Gk At random
Accordingly, the probability that the pinholes 433 and™ 434 would be forned

at the samaHeOGRdANS LS LRI 1Y, h%fn IEetﬁgoﬁgtqgﬁcﬁbgg‘Erates .
antl-penetratlon nmeasure nmakes use of this extrenely |ow probability.

Let' s assumBrdilfh @AM LAl A, pggggkeﬁoé33tﬂ%%eags tgemedcbpgt he 49

first and second anti-HNO3 | ayers 40 aving resistance to nitric acid

to be used URAngiRRaiabbonafh abhenb! LebogHPILiRLe 4. BefilT dNe mitric
penetrates
is, therefore, blocked there. With the first and second
anti—HNO3 layers 403,404 having resistance to nitric acid,
penetration of nitric acid to the thin-film device layer
421 can be surely prevented. Accordingly, transfer-
related defects can be decreased.
Using FIGS. 5A to 5E which illustrate the
fabrication process according to the second embodiment, a
description will next be made about a process according
to a fifth embodiment of the present invention for the
fabrication of a thin-film device. In the fifth
embodiment, a reflection active substrate is formed on a
plastic substrate by a transfer method for the
fabricafion of a liquid crystal display. Up to the
etching of a first substrate, the fifth embodiment is
similar to the second embodiment.
As the fifth embodiment is.directed to the
reflection liquid crystal display, no problem arises even

if there is an opaque layer (a first anti-HF layer 202)

underneath a thin-film device layer 221 as illustrated in
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through the first anti-HNO3 | ayer 403, there is the second anti-HNO3 |ayer
404 as the second layer. The nitric acid is, therefore, blocked there.
Wth the first and second anti-HNO3 |ayers 403,404 having resistance to
nitric acid, penetration of nitric acid to the thin-filmdevice |layer 421
can be surely prevented. Accordingly, transfer- related defects can be
decreased. Using FIGS. 5A to 5E which illustrate the fabrication process
according to the second enbodi nent, a description will next be made about
a process according to a fifth enbodi nent of the present invention for the
fabricati oF 6F- @B hi Refriclvmldefi eemollybideeiui fRim erfihedifrestt, amtieflFect i on
active substrate is forned on a plastic substrate by a transfer nethod for
the fabricdatyen 22)a, lviguild ior yistaludikdplaya piotecthe leiwdw mpDdf a first
substrate, the fifth enbodinent is simlar to the second enbodi nent. As

the fifth erbosi mentpdssibireciedddid hene refdiecéhomdt @i d crystal display,
no problemarises even if there is an opaque layer (a first anti-HF | ayer

202) underitegdeenriditidd 130 deyd cendyel1m2dedscd | 1a4ad¥ ated 44y 50.&£1 G 5B

molybdenum in the protective layer 205 may be short-
circuited, and hence, has possibility of achieving an
improvement in production yield. 1In this fifth embodiment,
the protective layer 205 is removed.

Firstly, the molybdenum film (thickness: 500 nm) as
the first anti-HF layer 202 is etched off with a mixed
acid [phosphoric acid (H3PO4) 72 wt% + nitric acid (HNOs)

3 wt% + acetic acid (CHszCOOH) 10 wt%]. It takes about 1
minute to etch off the molybdenﬁm layer of 500 nm
thickness with the mixed acid. As this mixed acid does
not etch an amorphous siliéon (a—S8i}) laver as a second
anti-HF layer 203, the etching automatically stops at the
first insulating layer 103. Even if pinholes are
contained in the second anti-HF layer 203, the mixed acid
automatically stops at a first insulating layer 204
because it does not etch silicon.oxide (510;5) as the first
insulating layer 204.

The amorphous silicon (a-Si) layer (thickness: 100

nm) as the second anti-HF layer 203 is etched off with a

o

potassium hydroxide (KOH) solution (concentration: 30%,
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Renmoval of a nol ybdenumfilm (the first anti-HF |ayer 202), which is
included in a protective |ayer 205, nakes it possible to avoid the problem
that an interconnection in the thin-filmdevice |ayer 221 and the

nmol ybdenumin the protective |ayer 205 may be short- circuited, and hence,
has possibility of achieving an inprovenent in production yield. In this
fifth enbodi mnent, the protective layer 205 is renoved. Firstly, the

nol ybdenum fil m (thi ckness: 500 nn) as the first anti-HF layer 202 is
etched off with a m xed acid [phosphoric acid (H3PO4) 72 ww% + nitric acid
(HNOB) 3 w9 +exmele) acilt (GBCRH a®wt % minutakesi asbbutecbnds nute to
etch off the nol ybdenum | ayer of 500 nmthickness with the m xed acid. As
this nmixed &eietedbesl £ nohe edrndirpinoasos phoosnsisizepnofai & )nhayer as a
second anti-HF [ayer 203, the etching automatically stops at the first

i nsul ati ng taydmdds. Beemude piniholes are unt Aitdddiedid N(#dw second anti - HF
| ayer 203, the m xed acid automatically stops at a first insulating | ayer
204 becausslidtidoesiows wéehesdh i €0 Oh dex{SL 023189 the did i rJinsul ating

| ayer 204. The anorphous silicon (a-Si) layer (thickness: 100 nm as the
second ant itrful syiaig 203y:8 ﬁ@,hel%@fétaﬂirbgaautomatically stops at
the first insulating layer 204. As the first insulating |
layer 204 is made of thé insulating material, it is
unnecessary to specifically separate the first insulating
layer 204. Separation of the first insulating layer 204
is, therefore, not conducted in the fabricafion process
aécording to the fifth embodiment of the present
invention.
In the above-described fifth embodiment, the first
anti-HF layer 202 and the second anti-HF layer 203 are
‘not etched by the same chemical in common'so that the
insertion of an insulating layer as an etching stopper
between the first anti-HF layer 202 and the.second anti-
.HF layer 203 can be obviatéd. Compared with_the first
embodiment, the second embodiment has a merit in that it
requires a fewer number of film-forming steps énd a fewer
number of etching steps.
In this fifth embodiment, molybdenum and amorphous

silicon are used for the first anti-HF layer 202 and the

second anti-HF layer 203, respectively. However, any
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pot assi um hydr oxi de (KOH) solution (concentration: 30% 51 for exanple).

It requires about 1 mnute and 30 seconds to etch off the anorphous
silicon layer of 100 nm thickness. Because this potassium hydroxide (KOH)
sol ution does not etch silicon oxide (Si2) as the first insulating |ayer
204, the etching automatically stops at the first insulating | ayer 204. As
the first insulating layer 204 is nade of the insulating material, it is
unnecessary to specifically separate the first insulating |ayer 204.
Separation of the first insulating |ayer 204 is, therefore, not conducted

in the fabM&@yion raocdys usetoinéabat oas het fid tdy i neptn of the
present invention. In the above-described fifth enbodi nent, the first

anti - HF | ayers 2z e thelBecondl widhg Huhgyesn 203 Bf&ry el elgbed by the
sanme chem cal in common so that the insertion of an insulating |ayer as an

et chi ng st cpdercorhetalmeniie bkigeé antiohF |aWele2Q2: apd, e anti -
HF | ayer 203 can be obviated. Conpared wth thgg{efi rst er%%g?%eﬁ%?gt)ﬁe

second enbadilnenin Ao RS | fcdm)thal Jislod @AULESE gghigver purber of
filmformng steps and a fewer nunber of etching steps.
diamond, benzocyclobutene-based resins, and polyimides.
There is, however, one condition in this respect, that is,
the second anti-HF layer 203 is not etched by the
chemical which is employed upon removal of the first
anti-HF layer.

The subsequent steps can each be conducted in a
similar manner as in Example 1.

The above—described'fifth embodiment can bring
about similar effects and advantages as the second
embodiment, and in addition, can avoid the problem that
the molybdenum in the protective layer 205 may be short-
circuited.

In each of the thin-film devices obtained by the
fabrication processes according to the first to fifth
embodiments of the present invention, respectively, the
protective layer employed in the fabrication steps 1is
composed of at least two layers having resistance to a
chemical solution used upon removal of the first

substrate, specifically the first anti-HF layer and

second anti-HF layver or the first anti~HNQO3; layer and
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In this fifth enbodi nent, nol ybdenum and anorphous silicon are used for
the first anti-HF |ayer 202 and the second anti-HF | ayer 203,

respectively. However, any 52 material can be used insofar as it is

equi pped with resistance to HF, including tungsten, polycrystalline
silicon, alum num oxide (A1203), magnesium fluoride (MgF2) cal cium
fluoride (CaF2), silicon carbide (Si C, anorphous dianond,
benzocycl obut ene- based resins, and polyimdes. There is, however, one
condition in this respect, that is, the second anti-HF |ayer 203 is not

et ched by thecchénaphl-HMROcH dys=enplsdyes: upen thamvvalolidheds ke anti - HF
| ayer. The subsequent steps can each be conducted in a simlar manner as

in Exanpl e énjdhesahdyerdescetbedahiaf bhvenbegdesent €aRibr tAPriabheubnsi Ml ar
effects and advantages as the second enbodinent, and in addition, can

avoid the ppﬁbb@ﬁbéﬁﬁtthéh@hﬂ@LYDﬂﬁnagtheEhéaﬁrBéeP£b¥§c£€¥§rng§ may be
short- circuited. In each of the thin-filmdevices obtained by the

fabricati omnDGRCEESESCALSR! Hiotal gnihe hhidtalfihy! theiETPRELIERER OF the

present invention, respectively,
device layers free from the attack by a chemical solution

 used upon removal of their substrates, for example,
hydrofluoric acid or nitric acid. Accordingly, the use of

 such thin-film devices makes it possible to provide
liquid crystal displays or organic EL displays of
excellent quality.

While a preferred embodiment of the present
invention has been described using specific terms, such,
description is for illustrative purpose only, and it is

- to be understood that changes and variations may be made
without departing from the spirit or scope of the

following claims.
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protective | ayer enployed in the fabrication steps is conposed of at |east
two | ayers having resistance to a chem cal solution used upon renoval of
the first substrate, specifically the first anti-HF | ayer and second
anti-HF layer or the first anti-HNO3 layer and 53 second anti-HNO3 | ayer.
Since the thin-filmdevices can enjoy simlar effects and advantages as
their fabrication processes, the thin-filmdevices can be fabricated with
hi gh production yield while maintaining their thin-film device |ayers free
fromthe at&?ﬁﬁmﬂ% a chem cal solution used upon renoval of their
substrates, for exanple, hydrofluoric acid or nitric acid. Accordingly,

the use of such hingfilon devices mkes i Lpossitl e (R promide |1 quld

crystal displays or organic plays 0 excellent quality. Wile a

preferred engQEgen%FfH HQgeggqggpgjshnveggiqﬂﬂqga.gquxg%gcribed usi ng
specific terms, 'slch; escriptionis Far =19 1'Gstrdt i ve pﬁ}ﬁose only, and it
is to be understopd that changes .and,yariations my b de. W thout

departing fromthe %ﬁWﬁHQ:aoPr%cébéﬁgfl?¥ﬁf %ﬁ% Foﬁ%ng éﬁgﬁ 5 52
layer one by one on a first substrate, and bonding a second
substrate on said thin-film device layer via at least a
first adhesive layer;

removing said first substrate at least in a part
thereof by etching with a chemical solution:
bonding at least a portion of said protective layer,
which covers said thin-film device layer on a side of said
first substrate, to a third substrate via a second
adhesive layer, and
removing sald second substrate,
wherein said protective layer is formed of at least
two layers having resistance to said chemical solution used
upon removal of said first substrate,
wherein said protective layer comprises another
layer, which has no resistance to said chemical solution
used upon removal of said first substrate, between at least
said two layers having resistance to said chemical
solution;
wherein, when sald another layer is removed with a
chemical solution of the same kind as said chemical

solution used upon removal of said first substrate, an
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CLAIMS: 1. A process for the fabrication of a thin-film device, said
process conprising the followng steps: formng a protective |layer and a
thin-filmdevice | ayer one by one on a first substrate, and bonding a
second substrate on said thin-filmdevice |ayer via at least a first
adhesive layer; renoving said first substrate at least in a part thereof
by etching with a chem cal solution; bonding at |east a portion of said
protective layer, which covers said thin-filmdevice |ayer on a side of

said first suhstrater £9:@ ddd 1§9Q§tjrsa_tl%w\ékatdﬁar§%0@qch

and renovi ng said second substrate, wherein sa

protective

ive |ayer,
ayer is fornmed

of at |east sty d 3¥eLs bavifwdesi stance to said chem cal solution used
upon renoval of said first substrate, wherein said protective |ayer

conpri ses another 4]a¥ef, s
used upon renoval of sald first substrate, between at

clt hasspoLgesi %@CEntgéﬁfgﬂo%

a

st

ayers havi IgyEesLy aa6e be RAldiAhEMEAlan 1ROl R 0L cHIREE

anot her layer Is renove

solution and, when etched with said common chemical

Q@Ei&@' sol ution

sald two

Hem%n sai d

- solution, said etching of one of said at least two layers

in said protective layer, said one layer being closer to

said first substrate, is completed earlier than that of the

other layer, and

wherein another one of said at least two layers, said

other one being closest to said thin-film device layer,

consists of a layer transparent to visible light.

2. The process for the fabrication of a thin-film

device as claimed in claim 1, further comprising the

following additional step after said removal of said

first substrate:

removing at least a part of said protective layer by

etching,

wherein said bonding step to said third substrate

comprises-bonding said thin-film device layer on the side
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chem cal solution of the sanme kind as said chem cal solution used upon
renoval of said first substrate, an 55 etch rate of said other layer is

| ower than an etch rate of said first substrate; wherein said at |east two
| ayers in said protective |layer are made of materials etchable with a
common chem cal solution and, when etched with said commbn chem ca
solution, said etching of one of said at |least two layers in said
protective |ayer, said one |ayer being closer to said first substrate, is

completed eariden han thateehrihe, akhety] Ayess,.and whgrei g gnother one of

sai d at Ieast ayers, sai er “one being close 0°§ard thin-film
devi ce Iayg&zongogg S S, ﬁa9e#ayer transparent to visible light. 2. The
process for th rication“of a thin-film device as clainmed in claima1,
further conprising the follow ng additional step after said renoval of
said first substrate: renoving at |least a part of said protective |ayer by
etching, wherein said bonding step to said third substrate conprises
bonding said thin-filmdevice |ayer on the side
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55a of said first substrate to said third substrate via said second
adhesive layer. 56 3. The process for the fabrication of a thin-film
device as clained in claiml or 2, wherein at |east one of said at |east
two layers in said protective |ayer, said at |east two | ayers having
resistance to said chem cal solution used upon renoval of said first
substrate, is not etchable wth a common chem cal solution. 4. The process
for the fabrication of a thin-film device as clained in any one of the
preceding clains, wherein said first substrate consists of a gl ass
substrate, and said chem cal solution used upon renoval of said first

substrate is a Cheg‘C%ﬁm§§%8%%£§ﬁ%%tEhgyﬂhﬂﬁ.ggﬁbﬁ &pl Fﬁznc§bEglned

therein. 5. The process f ricatron of a thin Vi ce as

clai med i G ANgs0L1 EhlldMnlc @it 1 Wierel hnsald, 4 ﬁggsﬁu&%é '@ e consists

of a silica substrate, an em cal utlon used upon renoval of

said first substiaig is dchepiral; sl B%%éﬁ@%g}éw%ﬁ a¢i d

cont ai ned t herein.
least two layers having resistance to said chemical solution

used upon removal of said first substrate, is not etchable

with a common chemical solution.

4. The process for the fabrication of a thin-film
device as claimed in any one of the preceding claims,
wherein said first substrate consists of a glass substrate,
and said chemical solution used upon removal of said first

substrate is a chemical solution with hydrofluoric acid
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6. The process for the fabrication of a thin-film device as clained in any
one of the preceding clains, wherein said second substrate is bonded on
said thin-film device |ayer via a coating |layer and said first adhesive
layer. 7. Athin-filmdevice formed by performng the follow ng steps:
formng a protective layer and a thin-filmdevice |ayer one by one on a
first substrate, and bonding a second substrate on said thin-filmdevice

| ayer via at least a first adhesive |ayer; renoving said first substrate

at least in.gpakky & gqaf by etching with a chem cal solution; bonding at
| east a porf?bn o% sé?%kbrétective | ayer, which covers said thin-film

device |l ayer on a §id%hgf%ﬁﬂ%%ﬁbé%%§£héH%ﬁﬁggggﬁﬂiﬁﬁgPtpﬁ{§L§§4%Strate via a

second adhesive layer, a sai'd secon rate; erein said

protective hayele s 9LTRM, ofy A 8R! or BB AR haYErS hAAg,resiptance Lo

said chem ca ution "used upon renoval Said fiT'st subs e; wherein

sai d proteckh¥§tl§ﬁﬁ§%rgegpé$£§§%t%ngkhgrsilica substrate, and said

chemical solution used upon removal of said first
substrate is a chemical solution with hydrofluoric acid
contained therein.

6. The process for the fabrication of a thin-film
device as claimed in any one of the preceding claims,
wherein said second substrate is bonded on said thin-film
device layer via a coating layer and said first adhesive
layer.

7. A thin-film device formed by performing the
fellowing steps:

forming a protective layer and a thin-film device
layer one by one on a first substrate, and bonding a second
substrate on sald thin-film device layer via at least a
first adhesive layer;

removing said first substrate at least in a part
thereof by etching with a chemical solution;

bonding at least a portion of said protective layer,
which covers said thin-film device layer on a side of said
first substrate, to a third substrate via a second adhesive
layer, and
. removing said second substrate;

wherein 'said protective layer is formed of at least
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| ayer, which has no resistance to said chem cal solution used upon renoval
of said first substrate, between at |east said two |ayers having

resi stance to said chem cal solution; wherein, when said another |ayer is
renoved with a chemcal solution of the sanme kind as said chem ca

sol ution used upon renoval of said first substrate, an etch rate of said
other layer is lower than an etch rate of said first substrate; wherein
said at |east two Iayers in said protective Iayer are made of materials

etchable w I |on when .et ched. wi th sai d conmon
chem cal so%g?|6ﬁ% Sai d %nﬁ%%lStégone oﬁ%&alﬁheTl?%ﬁg E gloIfayers in said

protective h§¥ 1%x>akgm?ﬁ§%cﬁ¥%%ﬁ§ekfﬁ% ?ﬁ%&rgge said first substrate, is

conpl eted ea yer, ‘and wherein anot her one of

said at |east two beln osest 10 said thin-film
devi ce | ayer, coﬁL?%?éﬁo?ng(£gﬁ%r t%gﬁsp réhfgpgrlsestﬁgg Plﬁht 8. The

process for fabrication of a.thin-f ge as cl ai d in claim?7,
wherein salgiggecong}'d;l %s?réfe%SlS%gﬁ ad ﬁ%& ?Wﬁ??%l|o &V ce | ayer via

a 59 used upon removal of said first substrate, between at least
said two layers having resistance to said chemical
solution;

wherein, when said another layer is removed with a
chemical sélution of the same kind as said chemical
solution used upon removal of said first substrate, an
etch rate of said other layer is lower than an etch rate
of said first substrate;

wherein said at least two layers in said protective
layer are made of materials etchable with a common chemical
solution and, when etched with said common chemical
solution, said etching of one of said at least two layers
in said protective layer; said one layer being closer to
said first substrate, is completed earlier than that of the
- other layer, and
wherein another one of said at least two layers, said
other one being closest to said thin-film device layer,
consists of a layer transparent to visible light.
8. The process for the fabrication of a thin-film
device as claimed in claim 7, wherein said second

' substrate is bonded on said thin-film device layer via a
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coating layer and said first adhesive layer. 9. A process for the
fabrication of a thin-film device, said process conprising the follow ng
steps: formng a protective layer and a thin-filmdevice | ayer one by one
on a first substrate, and bonding a second substrate on said thin-film
device layer via at least a first adhesive |layer; separating said first
substrate at least in a part thereof by etching wwth a chem cal solution
bonding at | east a portion of said protective |ayer, which covers said

thin-film q;%\éitggggééﬁ% ggdasgic@efj]qfstsgjjgesﬂer ‘Tagéi’bSt rate, to a third

Substrate via a hesive Tayer, and separating said second

substrate, whergjn gald QU ecki v, | Ayen oLe; Loed phiAldgast two layers

havi ng resi stance to sald chem cal solution use upon separation of said

first substyabee, vbeieigraatd analachiechayal GoaRE! sespanother | ayer,

whi ch has no resistancé to said sol ution pon renoval of

said first substraien; hetyeen als |Kast e§a£ﬂjEMQhEﬁ¥§IﬁTQﬂ%ﬁ98 resi stance

to said chemical solution; wherein, en sald another layer I's renoved
with a layer one by one on a first substrate, and bonding a second

.substrate on said thin-film device layer via at least a
first adhesive layer;
separating said first substrate at least in a part
thereof by etching with a chemical solution:
bonding at least a portion of said protective layer,
which covers said thin-film device layer on a side of said
first substrate, to a third substrate via a second adhesive
‘layer, and
separating said second substrate,
wherein said protective layer is formed of at least
two layers having resistance to said chemical solution used
upon separation of said first substrate;
wherein said protective layer comprises another
layér, which has no resistance to said chemical solution
used upon removal of said first substrate, between at least
said two layers having resistance to said chemical
solution;
wherein, when said another layer is removed with a
chemical solution of the same kind as said chemical
solution used upon removal of said first substrate, an

etch rate of said other layer is lower than an etch rate
59%a



chem cal solution of the sanme kind as said chem cal solution used upon
renoval of said first substrate, an etch rate of said other layer is |ower
than an etch rate 59a of said first substrate; wherein said at |east two

| ayers in said protective |layer are made of materials etchable with a
common chem cal solution and, when etched with said conmon chem ca
solution, said etching of one of said at |least two layers in said
protective |ayer; said one Iayer being closer to said first substrate, is

conpl eted egfldgry %Q?Qttgﬁgst tLhe other layer, and wherein another one of
said at | east tmo | ayers, salé' other one being closest to said thin-film

device layer, CORRLSLE, ooy LAY FELL ANRPALEALS 1M WSIPLE IO, 10 The

process for the fabrication of as cfarmed 1n claim9,

o ooy T TR B0t Moo [ h@ILAGL AGCLAdORRL SLAD £'dBhof AbfREY 211 O Of

said 59b firs trate: separa east a art o ective

Cayer by elghisign ME! ShibRLBANIL 09 B4 8P ALY SubsLrate

solution, said etching of one of said at least two layers
in said protective layer; said one layer being closer to
said first substrate, is completed earlier than that of the
other layer, and

wherein another one of said at least two layers, said
other one being closest to said thin-film device layer,
‘consists of a layer transparent to visible light.

10. The process for the fabrication of a thin-film
device as claimed in claim 9, further comprising the

following additional step after said separation of said

5%b



conprises bonding said thin-filmdevice |ayer on the side of said first
substrate to said third substrate via said second adhesive layer. 11. The
process for the fabrication of a thin-film device as clained in claim9 or
10, wherein said protective |ayer conprises a |layer, which has no
resistance to said chem cal solution used upon separation of said first
substrate, between at |least said two | ayers having resistance to said
chemi cal solution. 12. The process for the fabrication of a thin-film
device as Qﬁﬁ%@egﬁ&ﬂz%géi”‘91 10 or 11, wherein, when a |layer fornmed as at
n of sai

| east a portio protective |ayer and having no resistance to said

chem cal sol ution d._up ti f id fir tr IS

separated with a ¢ enﬁcaﬁgégfg%%%ﬁ %f Iﬁeoig%%uifﬁ§E3§H§%?&ggﬁgnical

sol ution us eparation of said first substrate, an etch rate of
?grneg g%’

said | ayer at least said portion of said protective |ayer and

having no resistange . t9,s 555-&$ﬁ§%8:%t%$L tE%@d”§§9g§ﬁ§ﬁF??§?£atiOn of

said first substrate is [ower rate o 60

substrate. cér?fpmﬂé% BBH&E&‘? gacird {:an—fﬁmn' 8@171(9@ l%fye§ BHI{HJ isligle of
said first substrate to said third substrate via said
second adhesive layer.

11. The process for the fabrication of a thin-film
device as claimed in claim 9 or 10, wherein said protective
layer comprises a layer, which has no resistance to said
chemical sclution used upon separation of said first
substrate, between at least said two layers having
resistance to said chemical solution.

12. The process for the fabrication of a thin-film
device as claimed in claim9, 10 or 11, wherein, when a layer
formed as at least a portion of said protective layer and

- having no resistance to said chemical solution used upon
separation of said first substrate is separated with a
chemical solution of the same kind as said chemical
solution used upon separation of said first substrate, an
etch rate of said layer formed as at least said portion of
said protective layer and having no resistance to said

- chemical solution used upon separation of said first

substrate is lower than an etch rate of said first
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device as clainmed in any one of clains 9 to 12, wherein said at |east two
| ayers in said protective layer, said at least two |ayers having

resi stance to said chem cal solution used upon separation of said first
substrate, are nmade of materials etchable with a common chem cal sol ution
and, when etched with said common chem cal solution, said etching of one
of said at least two layers in said protective |layer, said one |ayer being
closer to said first substrate, is conpleted earlier than that of the
other layerg L4, ,dhe process for the fabrication of a thin-film device as
claimed in any one of clains 9 to 12, wherein at |east one of said at

least two layers %ﬁ.%ﬁkgpgé§g§§ﬁ%¥?théa%ﬁ%ﬁcggkgnQ%f%e%ﬁini HJayerS havi ng

resi stance to sai che SO i ONn used upon separation of said first

substrate, 400l et chable wil g SN Ghegl cal Sqlutln. 15 The process

for the fabrication o e as ¢ in any one of clains

9 to 14, V\’rbe{ %ietg\?\gn?wo Oiafe%isdigt silfc?%ro%\é%tli?gef%e&qcﬁgiig &lf’ cite%l%l;ci ve | ayer,

said at |east ayer aving resi'stance to s em cal ~solution used

upon separat. o f id first st rate and ai d. one | ayer being cl osest
to said thﬁ%%?gﬁgs %3?%%“F%§§F?gg%gﬁ§ﬁ§1gaég ERRATS F?g%%ﬁ%}éﬁfgto vi si bl e

light. 61 upon separation of said first substrate, are made of

materials etchable with a common chemical solution and, when
etched with said common chemical solution, said etching of
one of said at least two layers in said protective laver,
sald one layer being closer to said first substrate, is
completed earlier than that of the other layer.

14, The process for the fabrication of a thin-film
device as claimed in any one of claims 9 to 12, wherein at
least one of said at least two layers in said protective
layer, said at least two layers having resistance to said
chemical solution used upon separation of said first
substrate, is not etchable with a common chemical solution.

15. The process for the fabrication of a thin-film
device as claimed in any one of claims ¢ to 14, wherein one
of said at least two layers in said protective layer, said
at least two layers having resistance to said chemical
solution used upon separation of said first substrate and
said one layer being closest to said thin-film device layer,

consists of a layer transparent to visible light.
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16. The process for the fabrication of a thin-film device as clained in
any one of clains 9 to 15, wherein said first substrate consists of a

gl ass substrate, and said chem cal solution used upon separation of said
first substrate is a chem cal solution with hydrofluoric acid contained
therein. 17. The process for the fabrication of a thin-film device as
claimed in any one of clains 9 to 15, wherein said first substrate
consists of a silica substrate, and said chenical solution used upon
separation of said. first rate. | chemical solutjon w.th

hydr of | uoric aci dg6'coT£1ht%a ﬁéﬁgfiéf%té:i Flhgl%bnfﬁg&ﬁ?%coeﬁgg %é}nt & abri cati on
of a thin-f n . _devyi l.ai ned 1n any one of_cl ai 9 to 17, wherein
sai d secondi%ucgt (rgét gf&ll%?ebcgﬁ edTOn 8T ChrARF i T M i’cghe]feefgpersaé\ga a
coating | ayer.an Ld . first adhesive |layer. 19. A thin-film device forned
by perfor m'Jﬁlgr_st%hg’ugslgg?%%viCr?élsétsg%s?%/faorgﬂw%ﬁﬁ Ut Er i 089 ¥ and a
thin-filmdgvice Iagflgtone bégone on a first supst r.%; ., _and bonding a

HFSCE on PR FSNAEE Y et itd%atiFRast a  first

seconq substrate on sa!ldmt His_ _ _
adhesi ve lE@G%Qtr%%gaggtérg%é%gbglfééfﬁtfgﬂb%EEEtﬁ%égoglﬁgigcIgkf% part

contained therein.

17. The process for the fabrication of a thin-film
device as claimed in any one of claims 9 to 15, wherein said
first substrate consists of a silica substrate, and said
chemical solution used upon separation of said first
substrate is a chemical solution with hydrofluoric acid
contained therein.

18. The process for the fabrication of a thin-film
device as claimed in any one of claims 9 to 17, wherein-
said second substrate is bonded on said thin-film device
layer via a coating layer and said first adhesive layer.

19. A thin-film device formed by performing the
following steps:

| forming a protective layer and a thin-film device
layer one by one on a first substrate, and bonding a second
substrate on said thin-film device layer via at least a
first adhesive layer,

separating said first substrate at least in a part

thereof by etching with a chemical solution,
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t hereof by etching with a chem cal solution, 62 bonding at |east a portion
of said protective layer, which covers said thin-filmdevice |ayer on a
side of said first substrate, to a third substrate via a second adhesive
| ayer, and separating said second substrate, wherein said protective |ayer
is formed of at least two |ayers having resistance to said chem cal

sol ution used wupon separation of said first substrate; wherein said
protective | ayer conprises another |ayer, which has no resistance to said
chem cal solution, \sed gﬂpqe%%gngal of sai% firat substrate, between at

least said two | Ayers havi ng reshstancet §rs SRC RemCar 'S s bt T on:
wher ei n, when. sai ther . layer .is removed.with a _chem c sol.ution of
the same kiﬁ ‘%ﬁ‘%ﬁ%ﬁgcﬁgﬂ%ég " g%ﬁﬁfﬁ%ﬁcﬁs%ﬁyﬂﬁéﬂlFeﬁﬁ&%f’ofaégid first
substrate, et ate of said other |layer is.lower than an etch rate of
said first gﬁ%ﬁif@?é?raé%rgpnas oAt 9§§¥?E?W%”T§VEF§°P %éh%fﬁXFotective

| ayer are ge ofa%%;erials etchable with a common chemi cal solution and,
when etched W tH §4d conmon cheni ca

separating said second substrate,

wherein said protective layer is formed of at least
two layers having resistance to said chemical solution used
upon separation of said first substrate;

wherein said protective layer comprises another
layer, which has no resistance tc said chemical solution
used upon removal of said first substrate, between at least
said two layers having resistance to said chemical
solution;

wherein, when said another layer is removed with a
chemical solution of the same kind as said chemical
sclution used upon removal of said first substrate, an
etch rate of said other laver is lower than an etch rate
of said first substrate;

wherein said at least two layers in said protective
layer are made of materials etchable with a common chemical
solution and, when etched with said common chemical
solution, said etching of one of said at least two layers
in said protective layer; said one layer being closer to
said first substrate, is completed earlier than that of the

other layer, and
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solution, said etching of one of said at |east two layers in said
protective |layer; said one |ayer being closer to said first substrate, is
conpleted earlier than that of the other |ayer, and 63 wherein another one
of said at least two |ayers, said other one being closest to said
thin-filmdevice |ayer, consists of a |ayer transparent to visible |ight.
20. - The process for the fabrication of a thin-film device as clained in
claim 19, wherein said second substrate is bonded on said thin-filmdevice

layer via a coating.layer.and,Sahd {4 ' LADePLNG La¥elayd38 saig
other one being closest to said thin-film device layer,
consists of a layer transparent to visible light.
20. The process for the fabrication of a thin-film
device as claimed in claim 19, wherein said second substrate
‘i1s bonded on said thin-film device layer via a ceoating layer

and said first adhesive layer.
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