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PROCESS FOR THE FABRI CATI ON OF THI N- FI LM DEVI CE AND THI N- FI LM DEVI CE
BACKGROUND OF THE I NVENTION 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 like, 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 e\ i\ I j reducti on,

wei ght reducti oﬁ?%#ffgﬁﬁﬁ&ﬁ%&ﬁﬂdﬁﬁgﬁ‘g?ﬁ%%&&ﬁ oward

smal l er equipnent in which they are used. Alinmtation is, however,

i mposed on substrates for us TEEN TERM FEVEER ause thin-fil mdevices are

fabricated in a high- tenperature vacuum environnent. Enployed, for

exanple, in a liquid crystal display which nakes use of thin-film

transistors are silica substrates capable of wi thstanding tenperatures up

t o 1, 000C BACKFREEINI (ISt TRl eENGPBHI® of withstanding tenperatures up to

500C. Thi ckness 1 reductions of these substrates have been studied but,
This invention relates to a fabrication process of

a thin-film device and also 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 substrate
Ihaving high heat resistance and then transferring it onto
an application.substrate and also to the thin-film device
obtained by the fabrication process.

In recent years, thin-film devices are receiving a
demand for thickness reducticn, weight reduction and
solidness under the influence of a move toward smallerx
equipment 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 liquid 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



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 i Mmediately |leads to a significant reduction in solidness,

t her eby devel oping a practical problem As is appreciated fromthe
foregoing, there is a difference between the performance required for an
original substrate and the performance required upon actually using the
thin-filmdevice. Attenpts have al so been nmade to fabricate thin-film
transistors directly on plastic_  substrates ﬁ%}Ch pehgjt t hi ckness

reduct i on FSRIGHERS fudtiss® &P sIdIatETe P& ViemP e e FERCTSFhEYE at t enpt s,

however, involve significant difficulties fromthe standpoint of the
maxi mum wiisaEatd asenpeketur EeEra RS PF a9t #ES sBPREELRRERS RRG¥EPHati ons
have, therefore, been nade on techniques for transferring a thin-film
devi ce, whiheh sl tusd@s frorifedoPaaresiucgichdin $iiEst itat @OIE’&VWHthaahi gh
maxi mum wi t hstand tenperature, onto an application substrate. For this
t ransf er, rnaductimecdgsarigidnesspacatidatorihge rhredusitdviitymidevi ce from t he
original substrate. Certain nmethods have been proposed for this purpose,
i ncl udi ng yedavdiesi .onFofktaerenmavabbeckayper ianthsubBégkeats 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 also 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

téchniques 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 feor this purpose,
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etching of the renovable |layer with a chemcal solution to separate a
device layer and an original substrate fromeach other (see, for
exanple, PCT |International Application No. WO02/ 084739, page 9 and FI G

2) and renoval of an original substrate in its entirety by etching (see,

e, ibid., page 9 and FIG 1D). For the renoval of an original
with a chem cal solution subsequent to the formation of a thin-
filmdevice on the original substrate, it is necessary to forma

thin-film

for exanpl
substrate

protective layer with a thin filmbefore the

such t hat

deposition or CVD is generally accaonpani ed by a

formati on of the device |ayer

t he chem cal soluti i t f trati th
Govice | AU vRoY YT (B 1A HAa P Lo AE T Gp SEERERRERE vapo

vapor

roblemthat it contains

nore or | edChHinehstlesighd ROV daly oo Mittito R r?ﬁ’{‘)?r“ﬁéﬁét BREEE8%a devi ce

| ayer through

t he pinholes to damage the device |ayer with the chem ca

sol uti on. SUMGERY R FHEENIVENTON A cshjlesterornchérpred@itailnvent i on i s,

t her ef or e,

to prevent penetration of a chem cal solution, which is

used

upon reno\ealbairsdEpdizm eradf dmesr i (Giatal oubsieapde . 3PC3 a device | ayer
upon transferring the device |layer from the original substrate onto an

appl i cati dnisubstiriaireal 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. 1D).
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
An object of the present invention is, therefore,
to prevent penetration of a chemical solution, which is

used upon removal or separation of an original substrate,



I n one aspect of the present invention, there is thus provided a process
for the fabrication of a thin- filmdevice. The process includes the
following steps: formng a protective |ayer and a thin-filmdevice |ayer
one by one on a first substrate, and bonding a second substrate on the
thin-filmdevice |layer via at least a first adhesive |ayer, renoving the
first substrate at least in a part thereof by etching wth a chem cal
.solution, bonding the protective |ayer, which covers the thin-film device
| ayer on a side of the first substrate, to a third substrate via a second
adhesive |l ayer, and renoving the secqond substratgéYThe @rotec ive layer is

formed of t& a &¥tcend avgFe PORaFrAGSEESFLPInERSt BV HES CRERT cAf°Bol uti on
used upon renoval of the first substrate. According to the above-described
process, the oprigiseti vabisiyate 6Ptpr 8ReBPPAgCERECReTHEEEFAY8r fromt he
chem cal solution to be enployed upon renoval of the first substrate is
formed of at |ea%n ome hapert hhvihg Presertaheeenrblahe BHEM & sol ution.
Practical |y speaking, the protective layer is hence formed of two or nore
| ayers. Ewéms fpordvedelder palocsslsuttoontheadbbsirchéipnnef 4 phétective | ayer
(second protective layer) through pinholes forned in the protective
| ayer. (fi rafinprdeivéeid.veThe process includes 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 the thin-film device layer via at least a

first adhesive layer, removing the first substrate at

least in a part thereof by etching with a chemical

solution, bonding the protective layer, which covers the

thin-film device layer on a side of the first substrate,

to a third substrate via a second adhesive layer, and

removing the second substrate. The protective layer is

formed of at least two layers having resistance to the

chemical solution used upon removal of the first

substrate.

According to the above-described process, the

protective layer for protecting the device layer from the

chemical solution to be employed upon removal of the

first substrate is formed of at least two layers having

resistance to the chemical solution. Practically speaking,

the protective layer is hence formed of two or more

layers. Even if the chemical solution reaches the inner



| ayer) closer to the chem cal solution, any further penetration of the

chem cal solution toward the device |ayer can be prevented by the second
protective layer. The pinholes in each of the two | ayers having resistance
to the chem cal solution to be enployed upon renoval 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 |ayer
woul d be formed at the sane locations is extrenely |ow The above-

descri bed anti-penetration measure makes use of this extrenely |ow
probability. Let's assune, for exanple, that |nhole%6are formed in the

first protiismiug draY HavisfFonss FICHRGE 6 1Re StediPEQU ol ution to be
used wupon renoval of the first substrate. Even if the chem cal . solution
penet r at e iHroiafh fawendd rigy theotaatiant ive dayen Hele sits Prrdeséd§Rd
protective | ayer which has resistance to the chem cal solution enployed
upon renoMayexf) tdleosdr rigt hehsthemiacalTFe ladmncalanyolihtéeri s, therefore,
bl ocked there. Wth the above-described at |east two Iayers'having
resi st ancepdre et ichem talhes athenioralt ¢ ddertiggedowpod rtdepdElvige the first
substrate, penetration of the chemcal to the device |ayer can be surely
pr event ed.1 &y A€ carrdi g I pysestaranst vy ridlatsxtatef gotct ecdni vige lgoereased. The
process of the present invention, therefore, nakes it

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

sclution 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.



possi ble to fabricate thin-filmdevices of high quality while assuring a
hi gh production yield. In another aspect of the present invention, there

is also provided a thin-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 the thin-film
device layer via at least a first adhesive |ayer, renoving the first
substrate at least in a part thereof by etching wth a chem cal solution
bondi ng the protective |ayer, which covers the thin-filmdevice |ayer on a

side of the first substrate, to thirg' ubstrate via a secong adhesi ve
| ayer, an@qmmﬁ'hér@é@dﬁﬁ_ﬁ?ﬁﬁtﬁﬁ .e%ﬂ? S 5Pt é@t ATETFAVEF i's formed
of at least two layers having resistance to the_chem cal solution used
upon renovEle @ToqeRS Q% &hesmieseite IVE Y d O he theEFEOF Sof TEAESprésent
invention, there is thus provided aéprocess,for the fabrication of a thin-
film devi cessiHel riet a1 imd trdd iond 118 [GeWiieg Ssdp &bt GuRildgYa
protective layer and a thin-filmdevice |ayer one by one on a first
subst r at e, whinke bosalimigiaa 3 deiard proghsttisne Ydeltche thin-fil m device | ayer
via at least a 6 first adhesive layer, separating the first substrate at
least in a part tlhepeofthey espkictgofi theaptheshtalfinvention, there

is also 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 the thin-film device

layer via at least a first adhesive layer, removing the

first substrate at least in a part thereof by etching

with a chemical solution, bonding the protective layer,

which covers the thin-film device layer on a side of the

first substrate, to a third substrate via a second

adhesive layer, and removing the second substrate. The

protective layer is formed of at least two layexs having

resistance to the chemical solution used upon removal of

the first substrate.

In further aspect of the present invention, there

is thus provided a process for the fabrication of a thin-

film device. The process includes 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 the thin-film device layer via at least a



sol ution, bonding the protective |ayer, which covers the thin-filmdevice

| ayer on a side of the first substrate, to a third substrate via a second
adhesive layer, and separating the second substrate. The protective |ayer

is fornmed of at |least two | ayers having resistance to the

chem cal

sol ution used upon separation of the first substrate. In yet further

aspect of the present invention, there is also provided a thin-film device

formed by performng the follow ng steps: formng a protective |ayer and

a thin-filmdevice |layer one by one on a first substrate
second substrate on the thin- film deyice ¥E§er Vi

adhesi ve Fayét, 2Bg5aVsa: LAY EneSFPREETLTBs tgla? I%%%

by etching with a chem cal sol ution, bonding th otectlﬁ

covers th e?ﬁ¢n1P|ﬁnPééF|EEQF§9§rbYoﬁtﬁhépaewahtﬂec??m%?a

third substrate via a second adhesive |ayer, and separatln

subst r at e SOEN& 1grot Bendiadl ajer ProtEEEHEE GRYSE | BREENt GRVE

and bondi ng a
a first
%%rt t her eof

e layer, which

ubstrate, to a

g the second

2yERr€ havi ng

resi stance to the chem cal solution used upon separation of the first
subst r at e thlhe filimn devliipeddeives s Br séder ofm the péretravPdhr¥tdf the
chem cal solution, because it can bring about simlar effects and

advantaget@sath@iaﬁowabdesambbeda a second adhesive layer,

and

separating the second substrate. The protective layer is

formed of at least two layers having resistance to the

chemical solution used upon separation of the first

substrate.

In yet further aspect of the present invention,

there is also 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 the thin-

film device layer wvia at least a first adhesive layer,

separating the first substrate at least in a part

by etching with a chemical solution, bonding the

thereof

protective layer, which covers the thin—film device layer

on a side of the first substrate, to a third substrate

via a second adhesive layer, and separating the second

substrate. The protective layer is formed of at 1
layers having resistance to the chemical solution

upon separation of the first substrate.

east two

used

The thin-film device is free from the penetration
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fabrication process. Thin-filmdevices according to the present invention
can, therefore, be fabricated wwth a high production yield. Use of
thin-filmdevices makes it possible to provide liquid crystal displays or
organic EL displays of excellent quality. BRI EF DESCRI PTI ON OF THE

DRAW NGS FI GS. 1A through 1E show a partial fabrication flowchart of a
process according to a first enbodi nent 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 fornmed in
the step illustrated in FIG_ 1A, FIGS. 3A throg%ga D.are fragnmentary

schemat i ¢ % rids - Sral SAHERSC THe HSEUFE gen r3R9 PO Y dr of | uori ¢
acid through pinholes in two protective Ia¥§%s in an etching step shown in
FIG 1D FRas 1l affrestigh U@ SR asker %altheaBovaridss c i P6Rchart of the
process according to the first enbodi ment of the present invention, and
i |1 ustrat ef shwipsatiaft @rades st efhdepfélvddpHires a2eCrehag £, tieeps for 8
transferring the transm ssion active nmatrix substrate onto an application
substr at e prskeerof iplwestiios taambtEiareforeactiev Eadhuliserigdewith a

high production yield. Use of thin-film devices makes it

possible to provide ligquid crystal displays or organic EL

displays of excellent quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A through 1E 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 a2 transmission active matrix substrate formed in
the step illustrated in FIG. 1lA;

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. 1D;

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. 1E, that is, steps for




. FIGS. 5A through 5E show a simlar partial fabrication flowhart as in
FIGS. 1A through 1E, but illustrates a process according to a second
enbodi ment of the present invention for the fabrication of a liquid
crystal display; FIG 6 is a simlar fragnmentary schematic cross- sectional
viewas in FIG 2, but depicts a reflection active matrix substrate forned
inthe step illustrated in FIG 5A;, FIG 7 is a fragnentary schematic
cross-sectional view depicting a positional rel ationship between pinhol es
in one of two protective layers and those in the other protective |ayer in
the etching step illustrated in FIG, 5D; FI.GS. 8A throu h 8E show a simlar
partial fHEAMTRTGRT IR idFansHs 55108 @STHR MRTSd¢h SYES™BAES i1 | ustrat es
a process according to a third enbodi nrent of the resent i nyention for the
fabricatiorid ap |drpdiicatdas b irgficayads cH @’lals§l§SS|tﬁl Io\éltaflpagrrent ary
schematic cross- sectional viewas in FIG 2, but depicts a thin-film?9
devi ce whiah astiwr mebstrales step illustrated in FIG 8A and includes

froma TFT layer to an organic EL layer; FIGS. 10A and 10B are fragnentary
schematic cross- FIGS. 5A through 5E show a similar partial

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 liquid
crystal display;

FIG. 6 is a similar fragmentary 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 layers 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, but
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



. sectional views depicting penetration of a mxed acid through pinholes in
two protective layers in an etching step shown in FIG 8D, and FIGS. 11A
t hrough 11E show a partial fabrication flowhart of a process according to
a fourth enbodinent of the present invention for the fabrication of a
liquid crystal display. DESCRI PTI ON OF THE PREFERRED EMBODI MENT Wt h
reference to FIGS. 1A through 4C, a description will be nade about a
process according to a first enbodi nent of the present invention for the
fabrication of a thin-filmdevice, specifically about steps for formng a

transm ssion active substrate on ,a  plastic substrat y.a nsger net hod
for the fd@bfrﬂiC@aMhdﬁfbflSaflqr&iﬁddl&}gﬁaﬁtﬁ&fy#ik}?tﬁégfi‘% ﬁ%t%%@édggn FIG

1A, a glass substrate or silica substrate of approximately 0.4 to 1.1 mm
thi ckness aride insdaides £ 1R 6t T dbaEATe 00 2PWAFBRTRE| FosbPYE as an
original substrate. A first anti-HF |ayer 102 havin resjstance to
hydr ogen fl uori dEI&Ad AP&r ehbubPBcasei Fa§m§ﬁt$FYs%g?ﬁ@%F%fi?@P?%&er 103, a
second anti-HF | ayer 104 having resistance to hydrogen fluoride and
hydr of | uordextianiad, veirevsa cegoorid nich fengttived loay e 208 1%£E £6iRed one by
one fromthe |owest |ayer on the first substrate 101 (for )
through pinholes in two protective layers 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. 1A 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 liquid crystal display.

As illustrated in FIG. 1A, a glass substrate or
lsilica substrate of 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 layer 102 having

resistance to hydrogen fluoride and hydrofluoric acid, a

10



exanple, a glass substrate of 0.7 nmthickness) to provide a protective
| ayer 106. The first anti-HF |ayer 102 is arranged by form ng, for
exanpl e, a nolybdenum (M) thin filmto an illustrative thickness of 500
nm The first insulating |ayer 103 is provided by formng, for exanple, a
silicon oxide (SiO2) layer to an illustrative thickness of 100 nm The
second anti-HF layer 104 is arranged by form ng, for exanple, a
nmol ybdenum (M) thin filmto an illustrative thickness of 1,000 nm The
second insulating layer 105 is provided by formng, for exanple, a silicon
oxide (SiQ2) layer to an illustrative thickness of 500 nm T&f mol ybdenum
thin fil #Té&nipeviatied ppvepulPéri AgSeRAPPeaPheBY I 1298 bXfde |ayers
can be fornmed by plasma CVD (chem cal vapor  deposition). It is to be noted
that the abuiagdessiispaace HP" higgageRydrvgeade| 8odi HedbrihyeF bFl uoric acid
inthis specification. TFT is then formed as a thin-filmdevice |layer by a
| ow t enperatidr e apdl psiskeicond bostoatdntelerpn- LPPnarer Basned oP™¢ TET) process
such as that described, for 11 exanple, in "199 Latest Liquid Crystal
Process Teakndlrogy'the53ow@stPleysrlour bk Emest Fokydbrat9980br (f&rat Panel
D spl ays 1999", 132-139, N kkei Business Publications, Inc., Tokyo, 1998.
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 500 nm.
The first insulating layer 103 is provided by forming,
for example, a silicon oxide (8102) layer to an
illustrative thickness of 100 nm. The second anti-HF
"layer 104 is arranged by forming, for example, a
molybdenum (Mo} thin f£ilm to an illustrative thickness of
1,000 nm. The second insulating layer 105 is provided by
forming, for example, a silicon oxide (S1i0;) 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 vapor
deposition). It is to be noted that the above-described
“HF” means hydrogen fluoride or hydrofluoric acid in this
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



As jllustrated in FIG 2, a gate electrode 107 is firstly fornmed on the
protective |layer 106, for exanple, wth a nolybdenumfilmthe thickness of
which is 100 nm for exanple. This gate el ectrode 107 can be formed by
conventional photolithography and etching techni ques subsequent to the
formati on of the nol ybdenumfilm By plasma CVD, for exanple, a gate
insulation film108 is formed with a silicon oxide (Si02) layer or with a
| am nat e conposed of a silicon oxide (Si02) |layer and a silicon nitride
(SiNx) layer such that the gate electrode 107 is covered by the gate
insulation film2108. In continuation wth the g%%e insulation film 108, an

anor phous ARG 18y er’ 3 HiadiGids T80 D s %S formed further. A
pul sed XeC exciner |aser beamwith a wavelength of 308 gg]is i rradi at ed
to the andFeHBUBLOGY i COIT 3%y YT MAYTHId Técry SCAMC 2 7Pf Sdch that a
polysilicon layer is formed as a crystalline silicon |layer. Using this
pol ysi | i cotFlatyetanel golsidye o IHyerl 32105 % s Midkifdd BUS 1HESFi de a
channel -form ng region. Forned on each side of the polysilicon |ayer 109
are a 12 proilyksitatioms aysre L100damposétPf an n- dope region and a
polysilicon |ayer 111 conmposed of an n+ dope region. As apEreciated from
the foregoing, eaeh iddtisteartegi dm FIG.f 8rnmadgaseanlepbrefipghfiyidoped
drain) structure

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

subseguent to the formation of the melybdenum 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 (Si0Oz) layer and a

silicon nitride (8iNyx) layer such that the gate electrode

107 is covered by the gate insulation film 108. In

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



conpatible wwth both a high on-current and a |low off- current. On the
polysilicon layer 10'9, a stopper layer 112 is formed, for exanple, with a
Si2 |ayer to protect the channel upon inplantation of n- phosphorus ions.
By plasma CVD, a passivation film113 is formed further with a silicon
oxide (SiQ2) layer or with a |am nate conposed of a silicon oxide (Si Q2)

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

pl anar i zatAchy,S g ifioan advEest |l&r9 Ic%}‘@rosf%olfs aflhé‘n (F%P%eﬁegl?%raréiarrpl e, with
a met hyl - net hacryl at e-based resin, for exanp % t he spin coating nethod
such that RHE sidurces lavest idde CPIROSERe Odr éinnneI@ PF otRINAB afd t he |i ke
are covered by the planarization layer 116. In the planarization |ayer
116, a corramtediciteed Sy d¢ foresindingg eachhecddirc&gradt tdde 111. By
sputtering, for exanple, a transparent conductive film (for exanple, 13
i ndi um ti rEcovniate,ad 030D SAGh tHer diomsltt dradal)| edrucTter? is then fornmed
on the planarization |ayer 116 to provide a pixel electrode 117 such that
the pixel @imgettidde Mith i tdorenddiohd cno cilveesduece @ dowr 0dé-114 via the
cont act

current. On the polysilicon layer 109, a stopper layer

112 is formed, for example, with a Si0, layer to protect

the channel upon implantation of n” phosphorus ions.

By plasma CVD, a passivation film 113 is formed

further with a silicon oxide (Si0O;) layer or with a

laminate composed of a silicon oxide (Si0z} 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

connected to the individual polysilicon layers 111.

To protect the device and also to effect

planarization, & planarization layer 116 is 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 like 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,
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hol e. By the above-described steps, a transm ssion active matrix substrate
can be fornmed on the first substrate 101. A top-gate polysilicon TFT or
anor phous TFT can be fornmed |I|ikew se although the bottom gate polysilicon
TFT was fornmed in the above description. A description will next be nade
about steps for transferring the thin-filmdevice Ilayer fromthe first
substrate 101 onto a plastic substrate. As described above wth reference
to FIG 1A an internediate construction has been obtained by formng the
first anti-HF |ayer 102, the first insulating | ayer 103, the second
anti-HF | ayer 104, the second i nsul ating 05 and . a.thin-fil mdevice
| ayer 121l@ﬁlpﬁetﬂprgﬁldgubgPﬁ%%é’f@?z' Fﬁ?gﬂég FE fdw HAd t%b 1(3 1B.
While heating the internediate construction at 80C tg 140C on, .a hot plate
122, a fiist theRedrvraedapsr the3rlanpsiaadin) L2¥SFi hyS ?%rpﬁ%%h%?e a hot
melt adhesive to an illustrative thickness of 1 mmor so. As shown in FIG
1C, a secéndizeBsedgcaroge id 7nexeh1shasuhbedrdnet helerEspdadhbsi ve Iayer
123 and, while pressing the second substrate 124 toward the first
substratelbOtonmb@tﬁdsabttng soueceesilacsredasiiberiantis aPPEARE to cool
down to roomtenperature. As the second

hole.

By the above-described steps, a transmlssion active
matrix substrate can be formed on the first substrate 101.
A top-gate polysilicon TFT or amorphous TFT can be forxmed
likewise.although the bottom—gate polysilicon 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 first insulating layer
103, the second anti-HF layer 104, the second insulating
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 construction 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 thinkness of 1 mm or so.

As shown in FIG. 1C, a second substrate 124 is next
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substrate 124, a nol ybdenum (M) substrate of 1 nmm 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 nount the first substrate 101, on
which the layers ranging fromthe first anti-HF layer 102 to the thin-film
device | ayer 121 have been forned, on the thus-coated hot nelt adhesive
with 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
adhesive layer 123 interposed therebetween is then dipped in hydrofluoric
acid (HF)mhﬂhﬂaﬂ[ﬂnfthanfknaﬂﬂa@?a@ﬁvﬁhéaﬁﬁﬁsﬂ2§u9§épawgliﬁl. Because t he
mol ybdenum | ayer as the first anti-HF layer 102 is not etched with the
hydr of | uorgre sacirdy e gdwret chibsg radet d@dt itoaiprg $hepsiasttihe first
anti-HF layer 102. Illustrative of the hydrofluoric acid 105 enpl oyed here
i s one hawuigstaraned ghtl cangentasatlitdmoofi n3@¥mediiesgohsanucetehanf, the
etching tine can be set, for exanple, at 3.5 15 hours. The concentration of
t he hydr ofd uasvdd agd bok25 duwh tdercetc hiengeriarmrai.t hAs hehdyskeodtdiori ¢ aci d
125 may be changed wi thout any probleminsofar as the glass of the first

substrat e J@)scande S4) |y ihetkdid . (Mo) substrate of 1 mm

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 layer 123 interposed therebetween
is then dipped in hydrofluoric acid (HF) 125 to pexrform
etching of the first substrate 10;. Because the
molybdenum layer as the first anti-HF layer 102 is not
etched with the hydrofluoric acid 125, the etching
automatically stops at the first anti-HF layer 102.
Illustrative of the hydrofluoric acid 105 employed here
is one having a weight concentration of 30%. With such an

etchant, the etching time can be set, for example, at 3.5

15



As a result of the above-described etching with the hydrofluoric acid 125,
the first substrate 101 (see, for exanple, FIG ID already referred to in
the above) is fully etched off so that the first anti-HF |layer 102 is
exposed (see FIG 1E). Wen pinholes 132 are contained in the nol ybdenum
| ayer as the first anti-HF layer 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 |layer 103 is facing the pinholes
132. Specifically, the pinholes 132 are forned extending through the
first insulation film 103. There is, however, an extrenely |ow probability
i el2adnd,

in the forhmtison Ghet hencphiihatésni18d thet hedrof iperehtim ¢ e second
anti- HF layer 104 at the same |locations as the pinholes 132 formed in the
first antithd dtayreimol G2 meHpdrtdf Itier ihydasifd nortifepefidr é2°dB8¥ Rt penetrate
to the side of the thin- filmdevice |ayer 121 beyond the second anti-HF
| ayer 104.chdrfgdderisamand zant iprd® leay émsbFarweise thet aflepredf the
hydr of | uori ¢ acid which has penetrated through the 16 pinholes 132 woul d
penetrat e f1o-dthesididrdid modeviage bd &drlyl 2k cdedt bdtf .t he hydrofl uoric acid
woul d damage the thin-filmdevice |ayer 121. As illustrated in FIG 3B
the nol ybdenum | agel result 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 1is

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-EF layer 104 were not formed, the

hydrofluoric acid which has penetrated through the
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(thickness: 500 nm as the first anti-HF |ayer 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 w% It takes about
| mnute to etch off the nolybdenum | ayer of 500 nm thickness with the
m xed acid. As this mxed acid does -not etch the silicon oxide as the
first insulating |ayer 103, the etching automatically stops at the first
insulating |l ayer 103. At the locations corresponding to the pinholes 132
(see FIG 3A) fornmed in the first anti- HF layer 102, however, the first
insul ating |ayer 103 has been etched with_ the penetrated hydrofluoric acid
to form midoiless 3% otrgH dvmests tERd enitRe e it8 RS LA MoWEYEE  penetrate to
the second anti-HF layer 104. Accordingly, the pinholes 132 are each
fornmed extlenkmg 2l smn thait eheedivatre fRgioghtc peich¥ogéoR@manati *hE | ayer
104. As the second anti-HF layer 104 is forned thicker than the first
anti - HF | aptern-102lm tdweriste Hiayprofl Zlhe second anti- HF | ayer 104 has,
however, not been conpleted even after the etching of the first anti-HF
| ayer 102 was conpl etiedstrat@ieant BeGni 8Bd dbedmelyhieguinsiagerni nat ed at
this stage, for exanple, by washing the internediate construction wth
wat er, the(+fXachaed d ENNOL) penaiHatd isa tame it-iliFn -1 afielrml@evi(eeel ayer 121.

FIG. 3A) is then etched off with a mixed acid [for

example, phosphoric acid (H3POs)} 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 layer 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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Reference is next had to FIG 3C. Wth buffered hydrofluoric acid [BHF:
for exanple, ammonium fluoride (NH4F) 6% + hydrofluoric. acid (HF) 1% +
H20 939 , the first insulating |ayer 103 (see FIG 3B) nade of silicon
oxide is etched off. This buffered hydrofluoric acid requires about |
m nute to etch off the silicon oxide (Si02) when its thickness is, for
exanple, 100 nm As the buffered hydrofluoric acid does not etch the
second anti- HF |ayer 104 rmade of nol ybdenum the etching automatically
stops at the second anti-HF layer 104. If the second anti-HF | ayer 104
contai ns pinholes 134, however, the puffered h%%ofl q,lr.isc. 1?aed still
penet r at eFhenofdrdmi Kedt AR f RFARERYI t8 FEBIMAEC (4 ough the ° pi nhol es 134
even after conpletion of the etching of the first insul ati.ln | ayer 103
(see FI G £8B) eAsmphe, bii kABSBIOFNE hEN EREBHUL TR THRT W T8 105 is 500
nm which is greater than that of the first insulating Iayer . 103, the
buf fered hydhokktier,cthei dixadueoed, Cerppbt PeRRHER Fate° t HES sEtbhd
insulating | ayer 105 beyond its internediate height so that the buffered
hydr of | uoiicm #8vdaes lagerr&ath as far as the thin-filmdevice |ayer 121.
As shown in FIG 3D, the second anti-HF |ayer 104 (see FIG_ 3C) fornmed of
t he nol ybdenum | ayeereficd, DO0naxt had ckne®ES i ShexWishchEdI6EESwith a
simlar mxed acid as _

hydrofluoric acid [BHF: for example, ammonium fluoride

(NH.F) 6% + hydrofluoric acid (HF) 1% + HO 93%], the

first insulating layer 103 (see FIG. 3B) made of silicon

oxide is etched off. This buffered hydrofluoric acid

requires 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 1its

intermediate height so that the buffered hydrofluoric
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that described above. This m xed acid requires about 2 mnutes to etch off
t he nol ybdenum | ayer 'of 1,000 nm thickness. As this m xed acid does not
etch the second insulating |layer 105 nade of silicon oxide (Si02) , the
etching with the m xed acid automatically stops at the second insulating
| ayer 105- The m xed acid does not reach as far as the thin-filmdevice
| ayer 121, because the pinholes 134 fornmed in the second insulating | ayer
105 with the buffered hydrofluoric acid have not reached as far as the
thin-filmdevice layer 121. As the second insulating layer 105 is nmade of
silicon oxide which is an insulating material transparent to_visible
light, it deesumvecesganty aso faeds ithg [Gpinrdade deNe C8eddHE i Al at i ng
| ayer 105. Renoval of the second insulating layer 105 is, therefore, not
conducted in thasfaboweatnoRIprodBssthecoedpng eBtinBFfia¥er thbodi nent of
the present invention. In the above-described first enbodi nent, nolybdenum
is used as(sgd iFHFE |3yerfofmerd kot hhehedflivbstenamd leyeenedf AnCi0OHRM ayer s
102, 104. However, any material can be 19 used insofar as it is equi pped
with resi strengendss Hs nd:ancladimgl tafifgstiem, sambrpilews mdixedceid as
pol ycrystalline silicon, alum num oxide (A1203) , magnesium fl uori de
(MIF2) calgdymddaomigte {Kak?) Thskl meeadcachideedsiEps, ahootpRous

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 {(5102) , 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 an insulating material transparent

to visible light, it is unnecessary to specifically

remove the second insulating layer 105. Removal of the

second insulating layer 105 is, therefore, not conducted

in 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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di apond, benzocycl obut ene-based resins, and polyim des. Wen such a
material is used for the first and second anti-HF |ayers 102, 104, it is
necessary to conduct wet etching with such chem cal solutions as enabling
removal of the respective layers or dry etching with such etching gases
as permtting renoval of the respective |layers. Wen polycrystalline
silicon is -used, for exanple, the first and second anti-RF |ayers 102,
104 can be renoved by dry etching such as reactive ion etching (R E) which
makes use of an etching gas conposed in conbination of tetrafluoronethane
(CF4) and oxygen (02) . Wien the first an%&-HF l.a %Ecéo%oaﬂg second
anti - HF | #ad ol &Schdd 1shPASPRES Hé ta

re ¢Refical 'n cdmon, the
etching nmust be conducted such that the,etchingpgﬁ the first_anti-HF

f

| ayer 102 jncloshpletemasdan e RIS YSs Sid 1508 d gﬁFﬁﬁtag *Pfe second
anti-HF layer 104 in its entirety during et chi ng of Ehe tirstwgﬁih-HF
| ayer 102 siHerran chekimeaiun sof td¢ oA dhlde r #R88eP4 UPhd 1IEESRE AEE2HE | ayer
104 through the pinholes 132 in the first anti-HF |ayer 102 u$on et chi ng
the first @aitéiudr flayerid02AGeiFh, t Bél200BheaTeafeséPit] ondMAEPRPY st r at ed
in FIG 4A a second adhesive layer 1.27 is forned on the side of the back
side of th@idddms, fhdmaaerdlcddrer-bE2Ed inesdriser aRer ®#91YeM108E -sur f ace of

When such a material is used for the first and second

anti-BF 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 (CF.) and oxygen (02} . 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 avolid etching

of the second anti-HF layer 104 in its entirety 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 layer 102

upon etching the first anti-HF layer 102 with the
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the second insulating |layer 105 after the above-described etching by
coating, for exanple, an WV curable adhesive, for exanple, by a spin
coating technique. Referring next to FIG 4B, a third substrate 1.28 is
bonded to the second adhesive |ayer 127 subsequent to the formation of the
second layer 127. As this third substrate 128, a plastic substrate is
used. By using, for exanple, a polycarbonate filmof 0.2 nmthickness as
the plastic substrate and exposing it to ultraviolet rays, the second
adhesive layer 127 nmade of the UV curable adhesive is cured. Al though the
pol ycarbonate substrate 1is used as the plastic substrate in the

above- des€hepégalf EpsPtéfBodi ment, the plastic substrate is not linmited to
such a pol ycarbonate substrate and i nstead, other plastic, s%gﬁéﬁgtes may

al so be used. Reherbhtestsatrdtimdfldo ¥IGa AEC M|
construction prepared as described above is dipped in_an alcohol (not
shown) t o 1R@noee folmedecondheubiteapé tha Byckdpisde| 9f nfhenkl+P7st adhesi ve
| ayer 123 made of the hot nelt adhesive. As a result, an active _substrate
i's 21 obt dineddeivtikcet Reyeli d2fi, | mdethes wayds. 102 Apaneedfagerofthe third
adhesive layer 128 with the second adhesive |ayer 127 and second
i nsul at i ng@hleayekohds inseapdagdlayher D6t wétar the above-described

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

for example, by a spin coating technique.

Referring next to FIG. 4B, a third substrate 128 is

bonded to the second adhesive layer 127 subsequent to the

formation of the second layer 127. As this third

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 above-described

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 intermediate
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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Al t hough not shown in any drawi ng, the active substrate is subsequently
conbi ned with an opposite substrate, and into openings forned between the
substrates, a liquid crystal is injected to provide a liquid crystal cell.
This work can be perforned by conventional assenbling steps for |iquid
crystal cells. In the above-described fabrication process of the thin-film
device, the etch rate of the first insulating |ayer 103 may desirably be

| ower than that of the first substrate 101 when the first insulating |ayer
103 is renoved with the same chemi cal solution as the chem cal solution
(hydrofluoric acid) enployed upon renoval, of the first ﬁégstrate. When t he

first and ekelcoedhniti tHtHeyfdyia - figm dpy4csr 4 avsde 161 FONBLEH 8V S8r
materials commonly etchable with the same chem cal solution (for exanple,
t he above-tescrliivall aaheasd e il@yeand 28 @ idtcHd@ WP thédhesd¥ Scheni cal
solution (for exanple, the above-described nixed acid), it is desired that
t he etchi Mpywdr t1RY fandtsecmmd -isulardngl (2 vege d08d 1E1t6S@Psed the fir st
substrate 101 is conpleted earlier than that of the second anti-HF 22
| ayer 104.tHaerdéhecvadmave- described first enbodinment, the first anti-HF
| ayer 102 is forned thinner than the second anti-HF |layer 104. In the
above- descri bed frahhioceti awtpshoess iaf ahgedrawing, the active

substrate is subsequently combined with an opposite

substrate, and into openings formed between the

substrates, a liquid crystal is injected to provide a

liquid crystal cell. This work can be performed by

conventional assembling steps for liguid crystal cells.

In the above-described fabrication process of the

thin-film device, the etch rate 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

first 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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thin-filmdevice, the protective |layer 106 which serves to protect the
thin-filmdevice |ayer 121 fromthe chemcal solution is fornmed of at |east
two | ayers having resistance to hydrofluoric. acid used upon renoval of
the first substrate 101, specifically the first and second anti-HF |ayers
102, 104 nmade of nol ybdenum Practically speaking, the protective layer is
hence arranged as two or nore |layers. Even if hydrofluoric acid reaches
the inner protective layer (second anti-HF |ayer 104) through the
pi nhol es 132 forned in the outer protective layer (first anti-HP |ayer
102) | ocated closer to a side where the internediate construction is
mai nt ai ned&¥®icdftiact InwFRR APV STRESFFEPaEi E17FE FEPREHPE hosEidle to
prevent at the second anti-HF |ayer 104 any further penetration of
hydr of | uorfiigséciea o Hfhd ayiede 162 tike folmeSY ithindey ¢8an A&r s¢29ndThe
pinhol es 132,134 in the first and second anti-HF [ayers 102, 104, which
have resi stranicélft davieydrddfdl-uoric acid to be enpl oyed upon renoval of the
first substrate 101, are very small and occur at random Accordingly, the
probabi lity that Ihhéhpi aholesdé8erandd28ahB8icabibn beotessedf athe he sane
| ocations is extrenely |ow The above-described anti-penetrati on neasure
makes usehdfn-tfliilsn eddwierel ywHeowrprtelalve tlpyelretl'0$ adsohe sefoes exanpl e,
t hat pinholes 132,134 are formed in the first

to protect the thin-film device layer 121 from the

chemical solution is formed of at least two layers having

resistance to hydrofluoric 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 lavers. 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 lavers 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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and, second anti-HF | ayers 102, 104 having resistance to hydrofluoric acid
to be used upon renoval of the first substrate 101. Even if the
hydrof l uoric acid penetrates through the first anti-HF layer 102, there is
the second anti-HF |layer 104 as the second | ayer. The hydrofluoric 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 layer 121 can be surely
prevented. Accordingly, transfer-related defects can be decreased. Wth
reference to FIGS. 5A through 7, dESCFIRtIOH wi | XL, be.ppde about a
process adddr diovd & &ea L9&Es ateﬁﬁ@d?ﬁ@ﬁt 8FaFﬁ8n5ré§eﬁf FRventi on for the
fabrication of a thin-filmdevice, ecifically, about steps for formng a
reflectlodxabtlWéesabQV?a@@S@ﬁl%e%l%%E%cpe%%B§?¥h B BT aRSTEF et hod
for the fabrication of a liquid crystal display. As illustrate 9 n FlI G

5A, a gl asssesuifstitutse em‘tremelchéogfu@ﬁ:’b&@éléftyapp?%?|?ra?%‘f"ft‘“% 4"9% 1.1 mm
thickness is used as a first substrate 201 which will serve as an 24

origi nal sashsiplat e thaif ipisthodmtsi 18R [1@¢epr2oforaecngn 88 Stdfce to
hydrogen fluoride and hydrofluoric acid, a second anti-HF |ayer 203 having
resi st anceartd éwmg&rhtﬁ4ﬂmrha@@rasnd0ﬁydrl@f4l beriladacied 1s4R8CE Pr st

i nsul ati ng

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
ranti—HF 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 hydroflgoric 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
liquid crystal display.

As illusfrated in FIG. SA, 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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| ayer 204 are formed one by one fromthe | owest |layer on .the first

substrate 201 (for exanple, a glass substrate of 0.7 mmthickness) to

provide a protective layer 205. The first anti-HF |ayer 202 is arranged by

formng, for exanple, a molybdenum (M) thin filmto an illustrative

t hi ckness of 500 nm The second anti-HF |ayer 203 is arranged by form ng,

for exanple, an anorphous silicon (a-Si) layer to an illustrative

t hi ckness of 200 nm The first insulating |ayer 204 is provided by

formng, for exanple, a silicon oxide (SiQ2) layer to an illustrative

t hi ckness of 500 _nm _ The nDbede,unltM4%£j can b?o fg{ned by sputtering,
I i1 I

whi | e t he®BABABROUSURFEFRBR: | dyertTSnd o A& Y%y ér 108 be formed by
plasma CVD (chem cal vapor deposition). As illgstéfted.in Fl 6, a
thin-fil nFEFaRsPBESr to(FEFFoPent REROF &Y Fed By EaY Ot Y ehperdiiif e Dol ysilicon
bottomgate thin-filmtransistor (TFT) process in a siml|ar manner as in
the firstserpsdi Aehi EFhbagetoRB3 BABLAYNERTLPEAREE P SNAFIBH t he first
enbodi ment in that, because the thin-filmdevice is the ref|ection active"
25 subst r dleousékupnfiohydhefiubrieasrdd. ofndhe Figut dlneRydtHIdi splay, a
pi xel el ectrode 216 uses silver (Ag) instead of ITO and this silver (Ag)
is used adagerr @Dkestror foThedsenendyeahodinent the howesHi Fd¥eem™from
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-Si) 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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the first enmbodinment in that upon formation of a planarization |ayer 215
with a nethyl-nmethacryl ate-based resin, the planarization |ayer is
provided with ruggedness to also provide silver (Ag), which is to be
formed over the planarization |ayer, with ruggedness so that regular
reflection of |light can be prevented. Described specifically, a gate
el ectrode 206 is forned on the protective |ayer 205, for exanple, with a
nol ybdenum fil mthe thickness of which is 100 nm for exanple. This gate
el ectrode 206 can be fornmed by conventional photolithography and etching
techni ques. By plasma CVD, for _exa a . gate inﬁglition film207 is

I

| e, ,

formed wi tbs tdiatec oiF eflildd orsithe) JeRFeradion Ph & rHafle cormposed of a
silicon oxide (SiQ) layer and a_silicon nitride (SiN,,) |ayer such that
the gate ElTa@EteddelsFiEYi s & Bigedd ShPCiFeIGare 6 HEGPafi-oNeFi IIAF207. In
continuation with the gate insulation film207, an anorphous silicon |ayer
(t hi cknessins3®asmafo TP ame) thd s fsdlved i@ hds. URSFuR§ed Xed exci mer
| aser beamwith a wavelength of 308 nmis irradiated to the anorphous 26
silicon | ayeilaakarel t Thrdseecnysembbilzment sachlspatibfepenystremon | ayer
is formed as a crystalline silicon layer. Using this polysilicon |ayer, a
pol ysi | i camd ajarst 20 ddsireortreich tthadr anpicthe fa roldieel ofform ng regi on.
For ned

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 so

that regular reflection of light can be prevented.

Described specifically, a gate electrode 206 is

formed on the protective layer 205, 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 techniques. By

plasma CVD, for example, a gate insulation film 207 is

formed with a silicon oxide (S5i0;) layer or with a

laminate composed of a silicon oxide (Si0z) layer and a

silicon nitride (SiN,} layer such that the gate electrode

206 is covered by the gate insulation film 207. In

continuation with the gate insulation film 207, an

amorphous silicon layer (thickness: 30 nm to 100 nm) 1is

formed further. A pulsed XeCl excimer laser beam with a

wavelength of 308 nm is irradiated to the amorphous
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on each side of the polysilicon |ayer 208 are polysilicon |ayers 209
conposed of an n- dope region and a polysilicon [|ayer 210 conposed of an
n} dope region. As appreciated fromthe foregoing, each active region is
formed as an LDD (lightly doped drain) structure conpatible with both a
hi gh on-current and a |low off-current. On the polysilicon |ayer 208, a
stopper layer 211 is forned, for exanple, with a silicon oxide (Si02)
| ayer to protect the channel upon inplantation of n- phosphorus ions. By
pl asma CVD, a passivation film212 is formed further with a silicon oxide
(Si02) layer or with a |am nate conposed of a silicon gxiﬁet(SiOZ) | ayer
and a siISidd6oR £RAYEE Qi NR)LY aper reenyehalpagsi vat FBAN 232, " a source
el ectrode 213 and drain el ectrode 214 are formed,  for exanple, wth
al um num P@¥stiAdcorhdsyeal a6t Foaeetapé oc6ANEERSALNE EREIFRRI vi dua
polysilicon layers 210. To protect the device and also to effect
pl anari zatliayer.a Peanar t2asi palyaybiconslager hep PoOIYRHIICIBrlas@pl e, with
a met hyl - net hacryl ate-based resin, for exanple, by the spin coating method
such t hat 208e isouoceed? tel provdide 213hanheldifarniabesegdas . 2120umAt he |i ke
are covered by the planarization |ayer 215. To provide a pixel electrode,
which is tom kaadhorsieed eferthicheolysdddcionatliager a¢ér azé5polivshligggedness,
t he

layers 209 composed of an n~ dope region and a polysilicon

layer 210 composed of an n' dope region. As apprecilated

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 (Si02) layer to protect the

channel upon implantation of n~ phosphorus ions.

By plasma CVD, a passivation £ilm 212 is formed

further with a silicon oxide ({8i0.) layer or with a

laminate composed of a silicon oxide (8i0;) layer and a

silicon nitride (SiNyx) layer. On the passivation film 212,

a source electrode 213 and drain electrode 214 arxre formed,

for example, with_aluminum 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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planarization layer 215 is provided at a surface thereof wth ruggedness.
In the planarization |layer 215, a contact hole is also forned extending to
the source electrode 213. By formng, for exanple, silver (Ag) into a
filmby sputtering, for exanple, a pixel electrode 216 is then formed on

t he planarization |ayer 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 fornmed on the first
substrate 201. A description will next be nmade about steps for

transferring the thin-fi device layer fro e fi t 201
a plastipeégBEFPg?e?Eis %ﬁécarﬁéa %g%gér%??ﬂéigf%é%agégt% C?ﬁéiﬁ an onto
i nternedi ate construction_has been, obtai ned %f?fo%QjQ%:the first anti-HF

i

| ayer 202COVRESSeRBnHNGNPFEPRTFEFEFOB0SYSE el T | r St° iTHSUISS Ry | ayer 204

and a thin-filmdevice Ilayer 221 on the first substrate 201. Reference is
now had PéxELGE1SBETRHEl eWRaaRi 4§ FRePENfRFARYI AYRT g%%struction at 800C
to 1400C on a hot plate 222, a first 28 adhesive layer 223 is fornmed by

coating, bdmnexampkécnalaier AbPt HWHRBsFYeIeen&HSi| FiStrative thickness of

| mmor SO As shown in FIG 5C, a second substrate 224 is next
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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mounted on the first adhesive |ayer 223 and, while pressing the second
Substrate 224 toward the first substrate 201, the resulting internediate
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 possible to coat a hot nelt adhesive
on the second substrate 224 and then to nmount the first substrate 201, on
which the layers ranging fromthe first anti-HF layer 202 to the thin-film
device | ayer 221 have been forned, on the thus-coated hot nelt adhesive
with the thin-film_ device |ayer 221 being directed toward éhe gecond

subst r at e &Es iR drgifde 3% sk fIEE SYFFEA 8BS - aAf O nEEFIBA At 8
construction with the second substrate 224 bonded thereto gia the first
adhesi ve Ihpemedag ddhasigie diopped iild Ufdrdivgotind c5erds295 o™ BePfor m
etching of the first substrate 201. Because the nol ybdenum | ayer as the
first antdcHF |ayer 202 is not etched with the hydrofluoric acid 225, the
etching autonmatically stops at the first 29 anti-HF layer 202. Illustrative
of -the hydrof | uonisc shoWwa i225I6npb6yed Rercenflssshathaifng?a heightt :
concentration of 50% Wth such an etchant, the etching tine can be set,
for exanplgurdiedd.dn hoer sEirEie brecente dtayer @23t kad, 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 alternative, 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
subsﬁrate 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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hydrof l uoric acid 225 and the etching tinme wwth the hydrofluoric acid 225
may be changed wi thout 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
5D) is fully etched off so that the first anti-HF |layer 202 is exposed
(see FIG 5E). Wen pinholes 232 are contained in the nol ybdenum | ayer as
the first anti-HF |layer 202 as shown in FIG 7, hydrofluoric acid tries to
penetrate further to the second anti-HF [ayer 203 through the pinholes
232. There is, however, an extrenmely |low probability in the forpmation of

t he p|nho@@ixzﬁf|h@mqﬂa%%kon@léﬁﬁFrFFlVﬁy%F theshpdfehkuehhe #ot%ti ons as
the pinholes 332 formed in the first anti-HF |ayer 202. Hydrofluaric acid,
t her ef or e 22 5deew ngtehdrsate dite e iR igiade sRighs CRPREPTEACAERi B€ | ayer
221 beyond the second anti-HF layer 203. If the second anti-HF |ayer 203
wer e not fs@snedyitheshytr ehl eochensci dhahethhhag penet eanddetdfbugh the 30
pi nhol es 232 woul d penetrate to the thin-filmdevice |layer 221 so that the
hydr of | uorfior atiaghpicyl ditda@nEgécihes . t Bha- Eohpedéevateohagért2@1. As the
thin-filmdevice fabricated by the process

hydrofluoric acid 225 and the etching time with the

hydroflucric 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

hydrofluorlc acid 225, the first substrate 201 (see FIG.

5D) 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 probability 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

layer 221 beyond the second anti-HF layer 203. If the

second anti-HF layer 203 were not formed, the

hydrofluoric acid which has penetrated through the
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according to the second enbodinment is for use in a reflection liquid
crystal display, no problemarises in display performance even if three is
t he opaque | ayer underneath the thin-filmdevice |ayer 221. Therefore, the
active substrate is subsequently conbined with an opposite substrate, and
bet ween the substrates, a liquid crystal is injected to provide a liquid
crystal cell. This work can be perforned by conventional assenbling steps
for liquid crystal cells. In the above-described process according to the
second enbodi nent for the fabrication of the thin-film device, the first

anti-HF | ayer 202 and second anti-HF Iaye% Zgﬁ-”%¥'ﬂ65ié99|¥ be made of
mat eri al s PABNOA&St 26re WOBEIWREBRTFE thot CefBRabl & w t hhafl§’ €5%mon cheni cal

solution (the mxed acid). In the above-descri bed grﬁﬁfas aCCO£ging to the
second enBediererlf go thatf zbei BYEF8ALIBPTLRe2EAANYPT gBIPEe " "the
protective |ayer 205 which serves to protect the thin-filmdevice |ayer
221 from tthénelfédirc slevdsleutlipggr Eg1lformed of at |east two |ayers having

resi stance to 31 hydrofluoric acid used upon renoval of the first

substrate 201, specithecahiy-fhimfdesicanfabHcabg@ropothe RIERESTS nol ybdenum
and the second anti-HF | ayer 203 nade of anorphous silicon. Practically
speaki ng, ad®rding to the second embodiment is for use in a

reflection liguid crystal display, no problem arises in
display pérformance even if three is the opague layer
underneath the thin-film device layer 221. Therefore, the
active substrate is subseqguently combined with an
opposite substrate, and between the substrates, a liquid
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 process 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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protective |layer is hence arranged as two or nore |ayers. Even if
hydrof | uoric acid reaches the inner protective layer (second anti-HF |ayer
203) through the pinholes 232 formed in the outer protective layer (first
anti-HF layer 202) |located closer to a side where the internediate
construction is maintained in contact with hydrofluoric acid, it is stil
possible to prevent at the second anti- HF |ayer 203 any further
penetration of hydrofluoric acid to the side of the thin-filmdevice |ayer
221. The pinholes 232, 233 in the first and second anti-HF | ayers

292,203, whi ch have resistance to HF to be o]
LlrEtb;Fp?ﬁﬂ?ﬁélﬁeﬁ}CaﬁﬁlgeP§e§nﬂP?naﬁ%mo%%§3$£a%ﬁgaﬁg§%¥ nggyg:ngrythfhe
robability at the pinholes 232 and 233, woul d be r t ’
Iocatlonssﬁbsé%E¢@n899rléﬂﬁcTﬁécébﬁ¥etﬁ%sg?F%ﬁda%ﬁ%Téppgﬁg?ga ?%ﬁ ﬁgggure
makes use of this extremely |low probability. lLet s assu for,exanpl e
that pi nhokde 232molybdear®d pBANE eiﬁeFﬂBdfg?E%“%ﬂdlg%%Bg%O%H? @§F | ayers

202, 203 having resistance to hydrofluoric acid to b

fhe {1t oSLibstwahou2083 1 Even | (FTHEr S22 rytr B14I0rTe: I d ponctrates

through the first anti-HF layer 202, there is the second anti-HF | ayer 203

as the sewongdtdyer 1aTee Hpdhehkgopreanord p§, tYRePEfBPES bF¥RKRd there

Wth the first and second anti-HF | ayers ’ '
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 second 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
pinholes 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. BEven if the

32



202, 203 having resistance to hydrofluoric acid, penetration of
hydrofluoric acid to the thin-filmdevice |ayer 221 can be surely
prevented. Accordingly, transfer- related defects can be decreased. Wth
reference to FIGS. 8A through 10B, a description will next be nade about a
process according to a third enbodi nent of the present invention for the
fabrication of a thin-filmdevice, specifically about steps for formng an
active matri x substrate on a plastic substrate by a transfer nmethod for
the fabrication of an active-matrix-type organic el ectrolum nescence (EL)

display. As illustrated in FIG 8A,_  a glass suhstrate oqr L.l l.ca substrate
of appr oxi AW ¢ Y BEATHHAHETe rﬁu§%u3%& §§r§%fﬁpzf ggbstrate 301
which will serve as an original substrate. A first anti-HF I%%er 302
having restvenm « FhRAR dgertia d&Gaas &ndinyidr dAvEsr P03aéFfd ™8  second

anti-HF | ayer 303 having resistance to hydrogen fluoride and hydrofluoric
aci d, and sedéndtlayenl affieg hybapéludnicapeifotfredtBRESEY*Bne from t he

| owest | ayer on 33 the first substrate 301 (for exanple, a glass substrate
of 0.7 mMmihckekserd. pidthdshg fiosecendeskayel 8051 HFhéaYEFSt anti- HF
| ayer 302 is arranged by form ng, for exanple, a nolybdenum (M) filmto
an illustra02 yva03 having resistance to 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
+o a third embodiment of the present invention for the
fabricatioﬁ 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)
display.

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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t hi ckness of 500 nm The second anti-HF |layer 303 is arranged by form ng,
for exanple, alum num oxide (A1203) filmto an illustrative thickness of
200 nm The first insulating layer 304 is provided by form ng, for

exanple, a silicon oxide (Si02) layer to a thickness of 500 nm The

nmol ybdenum fil m and al um num oxide filmcan be formed by sputtering, while
the silicon oxide |layer can be forned by plasma CVD (chem cal vapor
deposition). Athin-filmtransistor (TFT) is then formed as a thin-film
device layer by a lowtenperature polysilicon bottomgate thin-film

transi stor (TFT) process such as that described, for exanple, in "'99

Lat est Ligth®d S ystaPuipFbeakes Jebhhtp@Eramp: 58 frasss 98atRate nc.
Tokyo, 1998 or "Flat Panel Displays 1999", 132-139, N kkei Business
Publ i cati om§, 01 hcemm Tokykned9ogto esevridre ke speciddtciald aver sidwn in FI G
9, a gate electrode 306 is fornmed on the protective |ayer 305, for
exanpl e, wWrhé &inet yiodehthf flayer T3 gatarsiemd dde [J0Gimgen fos f or ned by
conventional photolithography and etching techniques. A gate insulation
film 307 isxémophed,aMolgrdexanpliéy) wiiimatsidn conlwsdmgeciv@ O2) | ayer or
with a |amnate conposed of a silicon oxide (Si02) layer and a silicon
nitride (SilNQGkhayerosusho that tive galenel ecivicde 1396ri sogovered by the
gate insulation film307. In

arranged by forming, for example, aluminum oxide (Al303)

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 wvapor deposition}.

A thin-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 Liguid
Crystal Process Technology”, 53-59, Press Journal Inc.,

Tokyo, 1998 or “Flat Panel Displays 1999”7, 132-139,
Nikkei Business Publications, Inc., Tokyo, 1998.

Described specifically, as shown in FIG. 9, a gate
electrode 306 1is formed on the protective layer 305, for
example, with a molybdenum film. This gate electrode 306

can be formed by conventional photolithography and

etching techniques. A gate insulation film 307 is formed,
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continuation wth the gate insulation film 307, an anorphous silicon |ayer
(thickness: 30 nmto 100 nm is formed further. A pulsed Xed exciner

| aser beamwith a wavelength of 308 nmis irradiated to the anorphous
silicon layer to nelt and recrystallize it such that a polysilicon |ayer
is formed as a crystalline silicon layer. Using this polysilicon |ayer, a
polysilicon layer 308 is fornmed to provide a channel -form ng region.
Formed on each side of the polysilicon |layer 308 are polysilicon |ayers
309 conposed of an n- dope region and a polysilicon |ayer 310 conposed of
an n+ dope region. As appreciated fromthe foregoing, each active region
is fornedfas amampDB,(Wight bysdopedndeaifp $6i0ot dravdorpatiifife @i th both
a high on-current and a low off-current. On the polysilicon |ayer 308, a
st opper | agennadtd icembosmddpff er sidxanpl exideet KSA0s) |lasar @ddd& (Si 02)

| ayer to protect the channel upon inplantation of n- phosphorus ions. By
pl asma CVBilacpassiitatiden (bilkpm 3l2yvés $wuemedchat urhderate tell ectsiddecon oxi de
(Si02) layer or with a |amnate conposed of a silicon oxide (Si02) |ayer
and a 35 3iglgi G@N ckdericde bySitie) gh@igetinsOhathenp@sdnvadyon Il m 312, a
source el ectrode 313 and drain electrode 314 are fornmed, for exanple, with

al um num such ibhat ithesa el eakr gdes aneule@nBactedmt 80vheanndi vi dual

pol ysilicon | ayers 310
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
1DD (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 (SiQ:) layer or with a

laminate composed of a silicon oxide (S§10;) layer and a
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A protective insulation layer 315 is then fornmed, for exanple, with a
nmet hyl - met hacryl at e-based resin, for exanple, by the spin coating nethod
such that the source electrode 313, the drain electrode 314 and the |ike
are covered by the protective insulation |ayer 315. To permt connection
of the source electrode 313 with an anode of an organic EL el enent to be
formed subsequently, the protective insulation |layer 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 Iayer 315, an organic  EL elenﬁng ig hen
formed. THellorepminiHids etfidt) i $2v€8npoSRdthf BASSHBAEISE6IT4R dFgani c
| ayer, and a cathode 319. As the anode 316, an alum num (Al) film.is
formed, faorsexorsleledyragritisdiamnd sGEALRhaleeHEORE udd AUFTEAFPT R m i s
connected to the source electrodes 313 of individual TFTs to permt
f eedi ng off@r cawamgrite , iwiddperdderitiup tidhh&hedurtbesel edecsdeses18reThe
organic layer has a structure in the formof a 36 |am nate of an organic
hol e transgairedigatert@heanichdary idarajaniod veriiltitcem |layers3880-The organic
hol e transport |ayer 317 can be formed, for exanple, to a thickness of 30
nm by vapor depogi pirorcef ieeppasuphthahotygrirn@15Ass 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 electrode 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 to be formed subsequently, the

protective insulation layer 315 is then removed by a

conventional photolithographic technique and etching

technique at a portion thereof located adjacent the

source electrode 313 and the anode.

On the protective insulation layer 315, an organic

FL, element is then formed. The organic EL element is

composed of an anode 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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the organic emtter layer 318, Alq3 [tris(8-

hydr oxyqui nol i nol ato)al umi nun(I11)] can be applied as a green color to a

t hi ckness of 50 nm Bat hocuproine (2, 9-

di met 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

nmet hoxyphenyl ) - N- phenyl am nol styryl } benzene-1, 4- dicarbonitrile] as a red
color to a thickness of 30 nm all by vapor deposition. As the cathode
319, I TO can be used. In the above-described fabrication process according
to the third enbodi nent, the organic EL el enent @ adopted the

above- desckamiath st rafctary erganithdicdieedmesdesrt Rewsvesl’i 87fsaPossible to
use conventionally known structures naki ng conbi ned use of electron
transport otgerers,eroteen rlanspordld .ay8hs, ospaeirofolaj EEeRBRCTAyers, hole
injection layers, electron blocking |ayers, hole blocking |ayers and
emtter |ayeysc FUT tdwr ba fagsidaticn dxampl30 tos of dhvisdnesscofer the

cat hode el ectrode 319. In this enbodinment, a silicon nitride (Si3N4)- film
can be foraethmsoy heapms detrdd ioni dri |af Ib@RREG, dhahadoanyplnénet.o &st hi ckness
of 300 nm by sputtering. As an alternative, the passivation film 320 may
al so be fefdeshdyn VRnvapr depasizlion g3 Hecdiisk@—~ The construction

ranging fromthe TFT |layer to the
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] styryl}benzene-1,4-
dicarbonitrile] as a red color to a thickness of 30 nm,
all by wvapor deposition.

As the cathode 319, ITO can be used.

In the above-described fabrication process
according to the third embédiment, the organic EL element
adopted the above-described structure. 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 (Sis;N4) film can be formed as the passivation film
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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 internedi ate construction at 80C to 140C on a hot plate
322, a first adhesive layer 323 is fornmed by coating, for exanpple, a hot
el t adheside, (i areATIRsir 519 vo EHICRITESS O8f 3@%9%%%8?“3%%%% in FIG
8C, a second substrate 324 is next nounted on the first adhesjve |ayer 323
and, whi | &s mressl trrtadtd wac it aasstivaitd og £ idpward PR¥ PLESt Pesubstrate
301, the resulting internediate construction is allowed to cool down to
room t enpefatmgde . byACUhe vsasondiemngisticat @x324e difsl-ybdenum (M) substrate
of 1 mm 38 thickness can be used, for exanple. As an alternative, it 1is
possi bl e to coat Taehebnsekticadbesireegongt feometbadTFEubsyenteo 3PAe and t hen
to nount ‘the first substrate 301, on which the layers ranging fromthe
first antiotadByeL layer will hereinafter be called “the thin-

2

film 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. 8A, 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. Reference 1s 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
S0. |

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, a molybdenum (Mo) substrate of 1 mm
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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 $D. An
intermedi ate construction with the second substrate 324 bonded thereto

via the first adhesive layer 323 is then dipped in hydrofluoric acid 325 to
performetching of the first substrate 301. Because the nol ybdenum | ayer
as the first anti-HF layer 302 is not etched with the hydrofluoric acid
325, the etching automatically stops at the first anti-HF |ayer 302.
Illustrative of the hydrofluoric acid 325 enployed here is one having a
wei ght conbénknassonanf be508edW fhrseshmpheet damn alferd@adiivisy titme can be
- set, for exanple, at 3.5 hours. The concentration of the hydrofluoric
aci d 325 amdpbheibi.ehitngcbieteanwnbh mbét agdesitveaorictlaei se32% may be
changed wi thout any problem insofar as the glass of the first substrate
301 can beubbtikhyceBehedndf theAsta mesntt tbé fhestabswlestestei B2, et chi ng
with the 39 hydrofluoric acid 325, the first substrate 301 (see FIG 8D)
is fully ehchedcaf thso1thakst henbingt rashi thE Fayet a302-HB Bxpesed (see
FIG 8E). Wen pinholes 332 are contained in the nol ybdenum :

302 to the thin-film device layer 321 have been formed,
on the thus-coated hot mélt 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 i1s 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

o\

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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| 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
pi nhol es 332. There 1is, however, an extrenely |ow probability in the
formation of the pinholes 333 in the second anti-HF | ayer 303 at the sanme
| ocations as the pinholes 232 forned in the first anti-HF [ ayer 302.
Hydrofluoric acid, therefore, does not penetrate to the side of the
thin-filmdevice Ilayer 321 beyond the second anti-RF layer, 303. If the
second anti-HF | ayer 303 were not fornmed, the hydrofluoric acid which has
penetrated through the pinholes 332 would penetrate to the thin-film
devi ce | apetrdlicsd a Ratict BEShy dihef Ifdasitc sabsgradel d04arge FRe- thin-film
device layer 321. As illustrated in FIG 10B, the nolybdenum (thickness:
300 nn) assmhe o i yarttichdd lodfeiso3@Ratsebe ELGSt16AFirBFt haKeEt ched of f
with a mxed acid [for exanple, phosphoric acid (H3PO4) 72 % + nitric
acid (HNQR)2 3 mposacetiseeaadid.(BR3COOH) 10 w9 . It takes about |
mnute to etch off the nol ybdenum | ayer of 500 nm 40 thickness with the
nm xed acid. As thhsnmpxadoaekd3deesrenobnetthet hinsthé conl pxdereums t he
second anti-HF layer 303, the etching automatically. stops at the second
anti- HF |@yelr 303 . the first anti-HF layer 302 as shown in FIG. 103,

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. BHydrofluoric acid, therefore,

does not penetrate to the side of the thin-film device

layer 321 beyond the second anti-HF layer 303. If the

second anti-HF layer 303 were not formed, the

hydrofluoric acid which has penetrated through the

pinholes 332 would penetrate to the thin-film device

layer 321 so that the hydrofluoric acid 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 {HzPO4) 72 wt% + nitric acid

(HNO3) 3 wt% + acetic acid (CH3COOH) 10 wt%]. It takes

about 1 minute to etch off the molybdenum layer of SOQ nm
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I n the above-described third enbodinent, the first anti-HF |ayer 302 was
renoved by using a solvent (the mxed acid) . It may be renoved by dry
etching. Ml ybdenumas the first anti-HF | ayer 302 can be renoved by dry
etching while using a gas conposed in conbination of sulfur hexafluoride
(SF6) and oxygen (02) (for exanple, by reactive ion etching). Under this
condition, the alum num oxide |ayer as the second anti-HF |ayer 303 is
not etched, so that the etching automatically stops at the second anti-HF
| ayer 303. Further, the second anti-HF |ayer 303 and the first insulating
| ayer 304 are both transparent to visible 1light and are both insulating
| ayers. Thehickresmyatitils thotminested;idaccdsdithgbymikadt Aeidbdves descri bed
third enbodinment, the second anti-HF | ayer 303 and the first insulating
| ayer 304 weet estech tlesrovidldi cdZonpairded as tihet e cecore teriddilagrt, the third
enbodi mrent has a nerit that owwng to the formation of the second anti-HF
| ayer 303 363 h tlhe dt@Ensparatonsticrdldly, stdps etfichihrg seapnide aakit-at ed to
result in the fewer 41 etching steps. The first anti-HF |ayer 302 was
formed w ty 1@}esbdsogim but it can be formed with any appropriate
material other than the material of the second anti-HF _
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 (SFg) and oxygen {0;) (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 layer 303 and the first
insulating layer 304 are both transparent to visible
light and are both insulating layers. Their removal is
not needed, accordingly. 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 merit that owing to the formation of the

second anti-EF layer 303 with the transparent material,

its etching can be obviated to result in the fewer
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| ayer 303. Usabl e exanpl es include tungsten, anorphous silicon,
polycrystalline silicon, alum num oxide, magnesiumfluoride (MF2),
calciumfluoride (CaF2) silicon carbide (SiC), anorphous dianond,
benzocycl obut ene- based resins, polyimdes and the like. For the second
anti-HF | ayer 303, on the other hand, alum num oxide was used. It is,
however, possible to use a transparent material such as nagnesium fluoride
(MgF2), calciumfluoride (CaF2) or a transparent polyim de. There is,
however, one condition in this respect, that is, the first anti-HF | ayer
302 and the second anti-HF |ayer 303 are not etched by the same chem cal
sol uti on. eTlediggbségPent steps ranging fromthe conbination wth a plastic
substrate to the renoval of the hot nelt adhesive, can be conducted in a
simlar manner ashénfihet ahbieHBebayebed2 fiastfiempstitem or second
enbodi nent.  Subsequent to the formation of the thin-filmdevice |ayer on
t he pl ast i@ 1eRiat, e bultr dugleanhbealiovmedewdithbady sPRpPSPTedRTent i onal
fabrication steps for organic EL elenents can be conducted to provide a
di spl ay. 42 ddtitzhe cabperettescrihkedapratedsodctbedsngond ahei-Hhird

enbodi nent for the fabrication of the thin-film device, the protective

| ayer 305 1uhicGh 338r vesshBlpr ekefpl et hentbide f thmyshesi ceath@ay@ro321 from t he

chem cal solution
silicon, polycrystalline silicon, aluminum oxide,
magnesium fluoride (MgFz), calcium fluoride {(CaF3),
silicon carbide (8iC), amorphous diamond,
benzocyclobuﬁene—based resins, polyimides 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 (MgFa2),
calcium fluoride (CaF,) or a transparent polyimide. There
is, however, one condition in this respect, that is, the
first anti-HF layer 302 and the second anti—-HF layer 303
are not etched by the same chemical solution.

The subsequent steps ranging 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 substrate through the above—-described

steps, conventional fabrication steps for organic EL

elements can be conducted to provide a display.
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is formed of at |east two |layers having resistance to hydrofluoric acid
used upon renoval of the first substrate 301, specifically the first
anti-HF | ayer 302 nmade of nolybdenum and the second anti-HF | ayer 303 nade
of alum num oxi de. Practically speaking, the protective Ilayer is hence
arranged as two or nore layers. Even if hydrofluoric acid reaches the

i nner protective layer (second anti-HF |ayer 303) through the pinholes 332
formed in the outer protective layer (first anti-HF |ayer 302) |ocated
closer to a side where the internediate construction is maintained in
contact with hydrofluoric acid, it _is still possible to grevent at the

second anti- HF IT&ydhe3@pboysy degcrAdecpBrecrati 8RC8FIAYEr 6P1 tBfic acid to
the side of the thin-filmdevice Igéfr.321” The pinholes 332,333 in the
first and Setohdembrdingnt afef sthaoaBEoFEa i hihe tddinstddee to
hydrofluoric acid to be enployed upon removal of the first substrate 301,
are very éemite anthecewtettiwhdaienctitr gy sadves groopasitisictty t hat t he
pi nhol es 332 and 333 would be forned at the sane |locations is extrenely
| ow. The ablowetWB3n-deslmidedi @mtiapeneidiatinom rides whemimeds spdartagfont hi s
extrenely |l ow probability. Let's assune, for exanple, that pinholes
332,333 aresfosnmeldiof tde feast and saoorgd hantig Hediseme<332, 303 havi ng
resi stance to hydrofluoric

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 1if

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 hydrofluoric

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 rempval 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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acid to be -used upon renoval of the first substrate 301. Even if the
hydrof l uoric acid penetrates through the first anti-HF |ayer 302, there is
the second anti-HF |layer 303 as the second |ayer. The hydrofluoric acid
is, therefore, blocked there. Wth the first and second anti- HF | ayers
302, 303 having resistance to hydrofluoric acid, penetration of
hydrofluoric acid to the thin-filmdevice |ayer 321 can be surely
pre-vented. Accordingly, transfer- related defects can be decreased. Wth
reference to the fabrication flowhart shown in FIGS. 11A through 11E, a
description wll next be made about a process according to a fourth

enmbodi nentdedct Heed presiernen etveaitiicon rasys e rades @8 @ D& thin-film
device, specifically about steps for formng a transm ssion active
subst r at e enteenmdastiov qubsialatial thy. aletr ansbepmaet Aod e€samphe. f abrication
of aliquid crystal display. As illustrated in FIG 11A, a glass substrate
or silicatisabspimieled Fbrind ratelfoxthetl tion the rfibrsh eludessconsl used as a
first substrate 401 which will serve as an 44 original substrate. By

sputteringanfDrHEXBpd s L, 36D radviony [ayers tiizd so hgnirdodlmedien t he
first substrate 401 (for exanple, a glass substrate of 0.7 nmthickness).
This isol aiion +QVss ¥ Gasbberdnyviad &Iy WRPESIddNGuisirate 301.
. Even if the hydrofluoric acid penetrates through the
first anti-HF layer 302, there is the second anti-HF
layer 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, transfer-
related defects can be decreased.
With reference to the fabrication flowchart shown
in FIGS. 11A through 11E, a description will next be made
about a process according 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 substrate by a
transfer method for the fabrication of a liquid crystal
display.
As illustrated in FIG. 11A, a glass subst;ate 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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exanmpl e, a nol ybdenum (M) filmto a thickness of 1,000 nm A first
anti-HNO3 | ayer 403 and a second anti-HNO3 |ayer 404 are then formed one
by one fromthe |ower layer on the isolation |ayer 402. The first and
second anti- HNO3 | ayers 403, 403 have resistance to nitric, acid wll
serve as a protective |layer 405 upon renoval of the isolation |ayer 402
wth nitric acid. The first anti-HNO3 |ayer 403 is arranged, for exanple,

by form ng an al um num oxi de (A120.3) filmto an illustrative thickness
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 ndyhgieruimfiddnmnd. t B¢ abubiBuimhgxi derf ekampaa, benf or ned by
sputtering, while the silicon oxide |layer can be formed by plasma CVD

(chenical vapoitdaPosddOMo2 ASs idHStIATRE ioh khe 1Bt aublithaftiel m device
| ayer 421 with a thin-filmtransistor (TFT) included therein is then

formed on i prot eCldmerd averg1dls R + W bePErak @nleiheiskhcon

bottomgate thin-film “transistor (TFT) process in a sinmlar manner as in

the 45 11 Lol M, T ol RGO dBiled $yAebisali ol OFoxt e F1 st

enbodi ment 1 n that e thin-filmdevice |ayer 421 doés not extend to the

end faces of the subsisAhuath b9 19 3805 Philhgdy uef il Bogevi ce layer

421 are
nm. A first anti-HNQOz layer 403 and a second anti-HNOj3

layer 404 are then formed cne 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
serve as a protectivé layexr 405 upon remcval of the
isolation layer 402 with nitric acid. The first anti-HNO;
laver 403 is arranged, for example, by forming an
aluminum oxide {Al,03) film to an illustrative thickness
of 200 nm. The second anti- HNQO3 layer 404 is provided by
forming, for example, a silicon oxide (8510;} 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 depositidn).

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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covered by an upper protective [ayer 407 made of a

nmet hyl - met hacryl at e-based resin. Reference is now had to FIG 11A 1In a
simlar manner as in the first enbodinment, an internediate construction
has been obtained by formng the isolation |ayer 402, the protective |ayer
405, the thin-filmdevice I|ayer 421 and the upper protective |ayer 407 on
the first substrate 401. Wi le heating the internediate construction at
800C to 1400C on a hot plate (not shown) a first adhesive |ayer 408 is
formed 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 i s nexftirstuetnbddomenhe fThetfauiasiamoadirant 408 dif et £5%%essi ng
the second substrate 409 toward the first substrate 401, the resulting

i nt er medi ahe fdesst embbiemehs ahl dthetd tlecbbindbwhntdevbem tanperature. As
t he second substrate 409, a nol ybdenum (M) substrate of 1 mmthickness
can be usag] HeesexampketcAs an thktendafaves of tkepogigébrateocardat a hot
nmelt adhesive on the second substrate 409 and then to nount the first 46
substr at e +4Q1 en@n rakieehothehkayris-rcabgi agvicoenmither 423blatreéon 402 to the
upper protective |layer 407 have been fornmed, on the thus-coated hot nelt

adhesi ve iRl pyUBRehppEet pebieetia¥elager hevngaderectted toward the
methyl-methacrylate-based resin.

Reference is now had to FIG. 1l1A. In a similar
manner as in the first embodiment, an intermediate
construction has been obtained by forming the isolation
layer 402, the protective layer 405, the thin-film device
layer 421 and the upper protective layer 407 on the first
substrate 401. While heating the intermediate
construction at 80°C to 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. As 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 room temperature.
As the second substrate 409, a molybdenum (Mo) substrate
of 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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second substrate 409. Reference is next had to FIG 11D. An internedi ate
construction wth the second substrate 409 bonded thereto via the first
adhesive layer 408 is then dipped in nitric acid to performetching of the
nol ybdenum of the isolation |ayer 402. In this etching, neither the
protective | ayer 405 nor the upper protective |layer 407 is etched. The
i solation 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 remaining |layers on the side of the thin-film
device |l ayer 421 are separated from each other. \Wen Einh% es 433 are
cont ai ned $ubstiatd WATuRR HigE [tRperl aXETEhE2PALEE SAPM ERE3 | ayer 403 in
the protective |layer 405 as shown in FIG 11E, nitric acid penetrates
t hr ough t Hesqiatricire st MBI d:heh alpReEo MF oxRCitL VNGB YEZy éP 7402 VRaBESBf sili con
oxi de. There is, however, an extrenely |ow probability in the formation of
pi nhol es #Bdnddy, sidl i on Wrideftlad ot Felseccdh@sive YHRD3 th&yer 404 at
the sane | ocations as the pinholes 433 fornmed in 47 the first anti-HNO3
| ayer 403.upbdr imeraiodak itehdragfeor 07 dedsiondti rpeteds aoward the side of the
thin-filmdevice |ayer 421 beyond the second anti-HNO3 |ayer 404. If the
second HNOSZed@yersvii mege a0k, forned, the nitric acid
Reference 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. In this etching, neither the

protective layer 405 nor the upper protective layer 407

is etched. The isolation layer 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-HNO3 layer 403 in the

protective layer 405 as shown in FIG. 11E, nitric acid

penetrates through the pinholes 433 to the second anti-

HNO; 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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whi ch has penetrated through the pinholes 433 would penetrate to the
thin-filmdevice |ayer 421 so that the nitric acid would damage the
thin-filmdevice |ayer 421. 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 nent, 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 enbodinment. Nanely, the active

substr at e tire donsimedhii-tHiOsahappposPBe ubstiratasidndHsstedesi® t he active
substrate and the opposite substrate, a liquid crystal is injected to
provi de a ddaguirsbtcpestesiraded [to Thies swoiek ofahiee thperfodimedelyceonvent i ona
assenbling steps for liquid crystal cells. In the above-described process
accor di ng ltaydheli2 if meidndehedisrenhd anttiheiNDabl agat i 604 of Ttthettehi n-fil m 48
device, the protective |ayer 405 which serves to protect the thin-film
devi ce | ayricArl HNoamkherchen gakesabut Eofmeds thenedtpicascig@ast two

| ayers having resistance to nitric acid used upon separation of the first
substrate yhich has penetrated through the pinholes 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— HNO; layer 403 and the
second anti- HNO; layer 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- HNQOs; layer 403 and
the second anti- HNO3; 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. Namely, the active substrate is combined with
an opposite substrate, and between the active supstrate
and the oﬁposite substrate, a liquid 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 process according to the

fourth embodiment for the fabrication of the thin-film
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401, specifically the first anti-HNO3 | ayer 403 made of al um num oxi de and
the second anti-HNO3 | ayer 404 nmade of silicon oxide. Practically
speaki ng, the protective |layer is hence arranged as two or nore | ayers.
Even if nitric acid reaches the inner protective |ayer (second anti-HNO3
| ayer 404) through the pinholes 433 fornmed in the outer protective |ayer
(first anti-HNO3 | ayer 403) |ocated closer to a side where the
intermedi ate construction is maintained in contact with nitric acid, it is
still possible to prevent at the anti-HNO3 | ayer 404 any further
penetration of nitric acid to the side of the thin-film device |ayer 421.
The pi nholdeyiss3, 438 protketivestayrd 48ecBRyCENPPIERB3ITPayEPECED3, 404,
whi ch have resistance to nitric acid to be enployed upon separation of the
first subster ahdnddilmadevieey lowarl 43AdfseButngt ChaRdem. SACESEBRNngly, the
probability that the pinholes 433 and 434 would be forned at the same
| ocat i ons iiss feximeghelfy atl dwasThévwabdeyedesbavbed AAEiLsSBEREEr &P on neasure
makes use of this extrenely |ow probability. Let's assunme, for exanple",
that the piithdleesciiB 24 apenf sepedaitnonhef4@hei fsrsindubstovadeant i - HNO3
| ayers 403,404 having resistance to nitric acid to be used upon separation
of the fiaost, suyhstirfatea14Ql thEveirisft the irHNDE clppaet 4@3 esade hobugh t he
first anti-HNO3 | ayer 403, there is the second

aluminum oxide and the second anti-HNOs; layexr 404 made of

silicon oxide. Practically speaking, the protective layer

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

acid reaches the inner protective layer (second anti-HNO;

layer 404) through the pinholes 433 formed in the outer

protective layer (first anti-HNOz layer 403} located

closer to a side where the intermediate construction is

maintained in contact with nitric aeid, 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 pinholes 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 1s extremely

low. The abové—described anti-penetration measure makes

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

example} that the pinholes 433,434 are formed in the
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ant,i - HNO3 | ayer 404 as the second |ayer. The nitric acid is, therefore,

bl ocked there. Wth the first and second anti-HNO3 |ayers 403, 404 havi ng
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 enbodi nent, a description wll
next be made about a process according to a fifth enbodi nent of the
present invention for the fabrication of a thin-filmdevice. In the fifth
enbodi nent, a reflection active substrate is fornmed on a plastic substrate
by a transffiarstetntoc faamdt et if-@DIO; cadyens 0803, #0 uhavengst al display. Up
to the etching of a first substrate, the fifth enbodinent is simlar to
t he secondreanhadintentto AS tiie fadfiich tenbediused upsndisepataedibo blie
reflection liquid crystal display, no problemarises even if there is an
opaque | aygfe (i A4 SHurdiddatdF doayer E28R) i f uaHer fest be apéhetrdtds device

| ayer 221 as illustrated in 50 FIG 5D. Renoval of a nolybdenumfilm (the

first anticioudmanale 203)s+ WHtGh u® ;i DeludedoBnN anprot esting sayefid 205,

makes it possible to avoid the problemthat an interconnection in the

thin-filmgdewi gad,aygye2230andst Bee second layer. The nitric acid
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
plasfic substrate by a transfer method for the
fabrication of & liquid crystal display. Up toc the
etching of a first substrate, the fifth embodiment is
similar to the second embodiment.
As the fifth embodiment is directed to the

reflection liguid 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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nmol.ybdenumin the protective |ayer 205 may be short- circuited, and hence,
has possibility of achieving an inprovenent in production yield. In this
fifth enbodiment, the protective layer 205 is renoved-. Firstly, the
nmol ybdenum fil m (thi ckness: 500 nn) as the first anti-HF layer 202 is
etched off wwth a m xed acid [phosphoric acid (H3P04) 72 wt% + nitric acid
(HNO3) 3 wt% + acetic acid (CH3COOH) 10 wt% It takes about 1 mnute to
etch of f the nol ybdenum | ayer of 500 nm thickness with the m xed acid. As
this m xed acid does not etch an anorphous silicon (a-Si) |layer as a
second anti-HF |ayer 203, the etchi ng automatically stops at the first
i nsul ati nFlG&y&B-108empyap Pf pi mRévesenpr fébmt AthedEi+RSEn@nEETENd anti - HF
| ayer 203, the mixed acid automatically stops at a first insulating |ayer
204 becauswyen s, ndticdt gis sindlosiedodinde (ESicGEctdyet RB@yritr 05+ nsul ati ng
| ayer 204. The anorphous silicon (a-Si) layer (thickness: 100 nm as the
second antnakds |idygro=20dlies twt ched doftheniptold enpdthadsialim hydr oxi de ( KOH)
solution (concentration: 30% 51 for exanple) . It requires about 1 mnute
and 30 secoitdscdmeritciorofin tihe anidrptfdusn sidviigen laaypger 26fL 800 e
t hi ckness. Because this potassium hydroxi de (KOH) solution does not etch
silicon oxidieddd) as dHe Fdotsdctive 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 (H3PQ4) 72 wt% + nitric acid (HNOs)

3 wts + acetic acid (CH;COOH) 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 an amorphous silicon (a-S8Si) layer as a second

anti-HF layer 203, the etching automatically stops at the

first insulating layexr 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 bxide (810z) as the first

insulating laver 204.

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

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

[+)

potassium hydroxide (KOH) solution (concentration: 30%,
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insulating | ayer 204, the etching automatically stops at the first
insulating layer 204. As the first insulating |ayer 204 is nmade of the
insulating material, it is wunnecessary to specifically separate the first
insulating |ayer 204. Separation of the first insulating |ayer 204 is,

t herefore, not conducted in the fabrication process according to the fifth
enbodi nent of the present invention. In the above-described fifth

enbodi ment, the first anti-HF |ayer 202 and the second anti-HF | ayer 203
are not etched by the sane chemcal in common so that the insertion of an
insulating |ayer as an etching stopper between the first anti-HF | ayer 202
and the setonc:mmple)HF LiyeseqpdBesanbbutobvinanvde @pndpaPedeceprést he first
enbodi ment, the second enbodi ment has a nmerit in that it requires a fewer
nunber of #a lepdlorafihglst epempidus fseddrcomdsysrr off d06hinmg steps. In this
fifth enbodi nent, nol ybdenum and anorphous silicon are used for the first
anti - HF IaWEMcHHEé51ndBéhauseemhmd anteskFunapgdr2@3der ¢BpeLti vel y. However,
any 52 material can be used insofar as it is equipped with resistance to
HF, incl uddidgightisrgsdeds al ywdarstalliidm osdidecorsioab ugs nuneokidet (A1203)

nagnesiun1f|uoride (MgF2) calciumfluoride (CaF2) , silicon carbide (SiC
, amor phoUsnsulating layer 204, the etching automatically 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 ipsulating

layer 204. Separation of the first insulating layer 204

is, therefore, not conducted in the fabricafion process

accor&ing 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 obviated. Compared with the first
embodiment, the second embodiment has a merit in that it
requires a fewer number of film-forming steps and 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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di anond, 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 etched by the chem cal which is enpl oyed upon renoval of the first
anti-HF | ayer. The subsequent steps can each be conducted in a simlar
manner as in Exanple 1. The above-described fifth enbodi nent can bring
about simlar effects and advantages as the second enbodinent, and in
addition, can avoid the problemthat the nolybdenumin the protective
| ayer 205 may be short- circuited. In each of the thin-filmdevices
obtained by the fabrication processes according to the first to fifth
enmbodi nent™ T ittHe gRtedEntuS e dmSicdRr Bes pdctisvelapippled wptbt ective | ayer
enpl oyed in the fabrication steps is conposed of at |east two |ayers
havi ng resisti@icaas @ Hheningduddglautivmgsised pedycrgstedliok the first
substrate, specifically the first anti-HF | ayer and second anti-HF | ayer
or the fi rssitligmni,- HNG@Bndrayeroxide 5825850 N0d manhieshHNO3 fllayerideSi (.1 he
thin-filmdevices can enjoy simlar effects and advantages as their
fabricati aalgivncedses,idehe(ddn, n; f s deni eesbeaa beifpprasatgowsth high
production yield while maintaining their thin-film

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 laver.

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-
circulted.

In each of the thin-film devices cbtained by the
fabrication processes according to the first to fifth
embodiments of the present invention, respectively, the
protective layer employed in the fabrication steps is
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 layer or the first anti-HNO; layer and
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device layers free fromthe attack by a chem cal solution used upon
renoval of their substrates, for exanple, hydrofluoric acid or nitric
acid. Accordingly, the use of such thin-filmdevices makes it possible to

provide liquid crystal displays or organic EL displays of excellent
quality. Wiile a preferred enbodi nrent of the present invention has been
descri bed using specific terns, such, descriptionis for illustrative

purpose only, and it is to be understood that changes and vari ati ons may
be made w thout departing fromthe spirit or scope of the follow ng
claims. 54 CLAIMS: 1. A process for the fabrication of a thin-film device,
sai d pr ocesRChAR B THNAshd a6it -owf ABC8t RS th bR nf b LPF otttk | ayer and
a thin-filmdevice |ayer one by one on a first substrate, and bonding a
second substiey esomibad ceifgartd and ddyardtdggrerasyitdicdtr fadgdcagd 1ory st
adhesive layer, renoving said first substrate at least in a part thereof
by et chi ngomtdsseshereathisot it irordebiorel mprsdiad fedotiasttiege Widyer, which
covers said thin-filmdevice layer on a side of said first substrate, to
a third subsgh apeodi@tpors ecioridd adielse we irayegimirgndheir thin-film

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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removi ng said second substrate, wherein said protective layer is formed of
at> least two |layers having resistance to said chem cal solution used upon
renoval of said first substrate. 2. The process for the fabrication of a
thin-film device as clainmed in claim1, further conprising the follow ng
additional step after said renoval of said first substrate: renoving at

| east 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 55 of said first substrate to said third substrate via said
second adhesive layer. 3. The process for the fabrication of a thin-film

device as_claimed in claim1 or 2, wherein said protective |ayer conprises

a |l ayer, @ ER° has no resistance to said chemical solution used upon
renoval of said first substrate, between at |east said two | ayers having
resistance to satd Gh®RPESESsEPt tBR. fabriRatprdcessatbhivnki$Bbri cation of
a thin-film device as clained in claiml1, 2 or 3, wherein, whén a | ayer
for med asd@Yifeastahd poreEons ofomBRT Hs brot Bee i Ml dariarg #feePsvavi ng no
resi stance to said chem cal solution used upon
' 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 1ayer‘via at
least a first adhesive layef,-
removing saild first substrate at least in a part
thereof by etching with a chemical solution,
bonding said protective layer, which covers saild
thin-film device layer on a side of said first subsirate,
to a third substrate 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
uéed upen removal of sald first substrate.
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 substréte:
removing at least a part of said protective layer
by etching,

wherein sald bonding step to said third substrate

comprises bonding said thin-film device layer on the side
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renoval of said first substrate 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 |layer formed as at |east said portion of
said protective |ayer and having no resistance to said chem cal solution
used upon renoval of said first substrate is |ower than an etch rate of
said first substrate. 5. The process for the fabrication of a thin-film
device as clained in any one of the preceding clainms, wherein said at

| east two layers in said protective layer, said at |least two |ayers having
resi stance to said chem cal solution used upon 56 renoval of said first

substrate, -are. pade_o terials ,etchable wth commpn chenm cal solution
and. wher0 B8 Toreh S EEEBkRoRS cRerr a0 iR T e rihithy of one
of said at least two |ayers in. said protective |layer, said one |ayer
bei ng cl 0%87FO10 ARG +Y siagﬁﬁstrate, is conpleted earlier than that of
the other layer. 6. The process for the fabrication of a thin-film device
as clainmed in any oR&€oPTOCESTs fP1t $he IRbEiErtisr réast théRefdf™sai d at

| east two |l ayers in said protective |layer, said at |east two |ayers having

pr, | . .
resi st anc®® s A iefccainselattoh et WS Siemsear BFOSEFELYr st

substrate, is not etchable with a common chem cal sol uti on. .
layer comprises a layer, which has no resistance to said

chemical solution used upon removal of said first
substrate, between at least sald two layers having
- resistance to said chemical solution.

4, The process for the fabrication of a thin-film
device as claimed in claim 1, 2 or 3, wherein, Qhen a layer
formed as at least a portion of said protective layer and
having no fesistance to said chemical solution used upon
removal of said first substrate is removed with a
chemical solution of the same kind as said chemical
solution used upon removal of szaid firét substrate, an
etch rate of said laygr formed as at least said portibn
of said protective layer and having no resistance to saiq
chemical solution used upon removal of said first
substrate is lower than an etch rate of said first
substrate.

5. The process for the fabrication of a thin-film
device as claimed in any one of the preceding claims, wherein

said at least two layers in said protective layer, said at least

two layers having resistance to said chemical sclution used upon
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7. The process for the fabrication of a thin-film device as clained in any
one of the preceding clains, wherein one of said at |east two layers in
said protective |layer, said at least two |layers having resistance to said
chem cal solution used upon renoval of said first substrate and sai-d one

| ayer being closest to said thin-filmdevice |ayer, consists of a |ayer
transparent to visible light. 8 The process for the fabrication of a
thin-film device as clainmed in any one of the preceding clains, wherein
said first substrate consists of a glass substrate, and said chem cal

sol ution used upon renoval of said first substrate is a chem cal solution

W th hydr ol Qi (gCid ; 5]7 f‘i‘%gttaisﬁl%gt'i:g%% drer maEQe ErHS%E?iBFEE the

fabrication of th|n evice as ¢ one o0 ains 1 to 7,

wherein s I b onsi.s f a.si |ca s bstrate, .a sai d

chem cal %%%&F%on &3%% up o%%&gnn$a lFagaF81PF%8 Hbs?ba eéFsﬂgdchenlcal
sol ution mﬁ%%fh drofluorlc go I@Qd theredn g e process for the
fabricati & -of “&% |ﬁmFPPnF C@ & TutdPRed SPASa Ry C ﬁEgoP t RB€pr ecedi ng
cl ai ns, mh rein said_ second sybstrate is honded on said_thin-filmdevice

| ayer via® S@&Qt@ﬁg leapdr TaRd §@ESfPFsFa&&hE§P$§CF&V§r1a¥frrA thin-film

device forned by perform ng the )
sald one layer being closer to said first substrate, is

‘completed earlier than that of the other layer.

6. The process for the fabrication of a thin-film
device as claimed in any one of claims 1 to 4, 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 removal of said first substrate, is
not etchable with a common cheﬁical solut;on.

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

device as claimed in any one of the preceding claims, 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 removal of said first substrate and said one
layer 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 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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followi 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 layer via at |east a first adhesive |layer, renobving said
first substrate at least in a part thereof by etching with a chem cal

sol ution, bonding said protective |ayer, which covers said thin-film
device layer on a side of said first substrate, to a third substrate via a
second adhesive | ayer, and renoving said second substrate, wherein said
protective layer is formed of at |east 58 two | ayers having resistance to
said chem cal solution wused upon renoval of said first substrate. 12. The
process febnthentabiheatign of a thin-film device as clained in claim1ll,
wherein said second substrate is bonded on said thin-filmdevice | ayer via

a coating |ayergandnsai i adhesive haver. .13 r s £.qr the
fabrication of a thi n-fipl%rﬁdédi%/i ce, etg{éﬁ gaé)%é?@s}:sl]o%or?gr :%s%g% rﬁalcif“ol | ow ng

steps: f ! rotective layer and a thin-filmdevice | ayer one by one
BEPLO8 A RNQLgChi Ve 1.3y

on a first substrate: AR Hoiiding s CkédariBsstin rlat @heresmi srichi n-fil m

device | ayefs¥idulrakgasia fir gt gq&ﬁ%&%ﬁsbgyggdte, and said
chemical solution used upon removal of said first
substrate is a chemical solution with hydrofluoric acid
contained therein;
10. 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.
11. A thin-film device formed by pefforming 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 solution,
bonding 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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separating said first substrate at least in a part thereof by etching with
a chem cal solution, bonding 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 forned of at |least two |ayers
havi ng resistance to said chem cal solution used upon separation of said
first substrate. 14. The process for the fabrication of a thin-filmdevice
as claimed in claim 13, further conprising the follow ng additional step
after said separation of said 59 first substrate: separating at |east apart
of sai d pristeectaves s Hparingpyestichienge khepaiid shrwipahdragusiep to said
third substrate conprises bonding said thin-filmdevice |ayer on the side
of said fiusstd sy nEreviad odi datidi fd rstbstibateatea sai d second adhesi ve
| ayer. 15. The process for the fabrication of a thin-film device as
claimed in clai m23 ofhd4yravdwsy=iffosailte pradtreictatien lefyer thonmpriides a
| ayer, which has no resistance to said chem cal solution used upon
separ at i omledficsaiad fdVadimesulist akem het wekeratin keast seabddt wo | ayers
havi ng ,
substrate is bonded on said thin-film device layer via a
coatiﬂg layer and said first adhesive layer.
13. A process for the fabrication of a thin-fiim
device, said process comprising the following steps:
forming a protective layer and a thin-film device
laver one by one on a first substrate, and bonding a
second substrate on said thin-film device layer wvia at
least a first adhesive layer,
separating said first substrate at least in a part
thereof by etching with a chemical sclution,
bonding 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.
14. The process for the fabrication of a thin-film

device as claimed in claim 13, further comprising the

following additional step after said separation of said
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resistance to said chem cal solution. 16. The process for the fabrication
of athin-film device as clainmed in claim 13, 14 or 15, wherein, when a

| ayer formed as at |east a portion of said protective |ayer and having no
resi stance.to said chenmical solution used upon separation of said first
substrate is separated with a chem cal solution of the sane kind as said
chemical solution used upon separation of said first substrate, an . etch
rate of said |ayer forned as at |east said portion of said protective

| ayer and having no resistance to said chem cal solution used upon
separation of said first substrate is |lower than an etch rate of said
first 60 subst rale+rdide. The process for the fabrication of a thin-film

- device as clained in any one of clains 13 to 16, wherein said at |east two

| ayers in said @rggg%kh géﬁgygeas%agd 5Ig§s%a3§0 araggﬁlvgayé

~resistance to said chem solation 8 Ton of sard first:
substratqj é? de of materials etchable mnth a common chenlcal sol ution
and, whern et ched "W th said conmon cheni cal sol ution, said etching of one

of said at |east tmo layer, aid protecti |.a one | ayer being
closer to said & ?uﬁ?ﬁ%ab@n%Fgg EGSBI%Peﬁaégr¥ﬁé#dtﬁghsFﬁ%feof.the
other layer. 18. The process for the fabrication _of a thin-film

comprises bonding said thln film device layer on the side

of saild first substrate to said third substrate wvia said

second adhesive layer. |

15. The process for the fabrication of a thin-film
device as claimed in claim 13 or 14, whefein said protective
layer comprises a layer, which haé no‘resistancé to said
chemical solution used upon separatién of said first
substraﬁe, between at least éaid two layers having
resistance to said chemical solution.

16. The process for the fabrication of é thin-film
device as claimed in c¢laim 13, 14 or 15, wherein, when a layer
formed as at least a portion of said protectivé 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 saild 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 clained in any one of clains 13 to 16, wherein at |east one of
said at least two layers in said protective |layers, said at |least two

| ayers having resistance to said chem cal solution used upon separation of
-said first substrate, is not etchable wth a common chem cal solution. 19.
The process for the fabrication of a thin-film device as clainmed in any
one of clains 13 to 18, wherein one of said at least two layers in said
protective layer, said at least two |layers having resistance to said

chem cal solution wused upon separation of said first substrate and said
one |layer being closest to said thin-filmdevice |ayer, consists of a

| ayer trangparetrd o visible light. 61 20. The process for the fabrication
of athin-film device as claimed in any one of clainms 13 to 19, wherein

said first substgat ists. of l.ass. subhstrate d said m cal

sol uti on used up%?\'sgrp}gér);ttﬁooctn@o ﬁsogﬁ gdfl F rlscu%tﬁoﬂatogniassc}léﬁ rﬁﬁg‘al

sol ution with ng{ofluoric.acid contgined therein. 21. The process for the
a

fabrication of NRAFPRm ™ 8 0B aRE FLaSd [BntankP oifBesein| ik 213 t o

19, wherehp,said,fifsts ;SUbsiyate consists of a.siljca substrate, and said
chenical solution used. Jpo%);lsd(raglé?etaetc?%e gfaygaéi FF 8 leﬁfgsif‘i‘%t YPES g

chem cal Eplution wi.th hydrofluoric acid contained therein.
aving resistance to said chemical solution used 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 sald at least two layers in sald protective layer,
said one layer being closer to said first substrate, is
completed earlier than that of the other layer.

18. The process for the fabricationqu a thin-film -

device as claimed in any one of claims 13 to 16, wherein at least

one of said at least two layers in said protective layers, 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.

13. The process for the fabrication of a thin-film
device as claimed in any one of claims 13 to 18, 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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22. The process for the fabrication of a thin-film device as clainmed in
any one of clainms 13 to 21, wherein said second substrate is bonded on
said thin-filmdevice layer via a coating |layer and said first adhesive

| ayer. 23. A thin-filmdevice forned 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, separating said first substrate
at least in a part thereof by etching with a chem cal .soluti-on, 62 bondi ng
said protective layer, which covers said thin-filmdevice |ayer on a side

of said first subs!ratie priRedst Ford thebFhhati@atiidnd cteaony sadheshve | ayer,
and separating said second substrate, wherein said protective layer is

forned of aééideeastoldinOa i@y aks BvING) LAS! 853059 of 0881 e Gl sgol uti on
used upon separation of said Tirst su strate he process for the

. fabricati gongt-ackhbanbibel devicgiassclablpato chahm2sy wherein said
tln-l

second substrate is bonded on sa evice layer via a coating

| ayer a“dcﬁéh@cékréblaQQSE'MSehaMSBn ggparation of said first

substrate is a chemical éolution with hydrofluoric acid
cbﬁtained therein.

21. The process for the fabrication of a thin-film
device as claimed in any one of claims 13 to 19, wherein said first
substrate consists of a silica substrate, and said
chemical solution used upon separation of sald first
substrate is a chemical solution with hydrofluoric acid
contained therein. |

22. The process for the fabrication of a thin-film
device as claimed in any one of claims 13 to 21, wherein said second
substrate is bonded on said thin-film deviée layer wvia a
coating layer and said first adhesive léfer;

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

forming a protective layer and a thin-film device
layer one by oné 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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bonding 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 sald 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.

24. The process for the fabrication of a thin-film
device as claimed in claim 23, wherein said second
substrate is bonded on said thin-film device layer via a

coating layer and said first adhesive layer,
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