1 "A PROCESS FOR MAKI NG A LI GHT-SH #L:DINGHE N FI'LM' The present invention
relates to a process for making a Ilght shleldlng thin film

“the making of a light-shielding thin 5 filmhas been acggggéﬁgﬂégkbv
the steps of formng a photo resist on a light-shifelding thin film _
exposngg the photo-resist in a desired pattern, devel oping the exposed
photo-fesist to forma desired photo-resist pattern, and etching the
light-shielding thin filmby 10 usihg the photo-resist pattern as a
mask. The- above-nentioned process however, has the dlsadvantage t hat ,
after etching, thg Iight- elding thin filmhas a Len. .
when form ng a thizh= FO-CRLe— S EH =He—++gAt - 15
shielding thin film the step is not conpletely covered and the thin film
applied to it is liable to be broken away. Accordingly, it is an object of
the present invention to provide a process for etching a light- shielding
thin filmwhich pernits the step to be 20 " covered conpl etely.
According to the prgs zeébﬁ%w1ﬁvbntismere5aaéQVtaed processsgotor maki ng

a light-shielding thi | .m a light-shielding thin film
directly or i #hﬁn? {ﬂPEféb{ﬁ#éf gEHf#P%ﬁgb | substrate; forming a
phot o-resi st patt erHeretdfwre; gtite makingi of ahlrght+shieldhnggthﬁn
l'ghE‘Sh'elmf¥i$PHJEfﬁeeﬂt%bé@ﬁﬁ%&éﬂ@hQ@?tEﬁee§£éﬁsp3ftfSmeﬁgaa“aSk
photo-resist on a‘-light-shielding thin film, exposing
~the photo-resist in a desired pattern, developing the .

U exposed photo-resist to form a desired photd-resist
pattern, and etching the 11ght—sh1e1d1ng thin f11m by
10 - using the photo-resist’ pattern as a mask.

The above—mentioned process, however, has the
. disadvantage that, after etching, the light-shielding

thin £ilm has a sharp step. Therefore, when forming a
thin film to cover the step at the edge of the,lightf

15 shielding thin film, the step is not completely covered,
and the thin film applied to it is liable to be broken
away. Accordlngly, it is an object of the present
invention to provide a process for etching a light-
shielding thin film which permlts the step to be

20 covered completely..

N\ According to the present invention, there is
provided a process for making a light-shielding thin
film comprising forming a light-shielding thin film
directly or indirectly on a light-transmitting

25 ‘substrate; forming a'photo-resist pattern on the light-
shielding thin f£ilm; etching the light-shielding thin
film by using the photo-resist pattern as a mask,



2 thereby forming a light shielding thin filmpattern; exposing the

phot o-resi st pattern through the reverse side of the light-transmtting
substrate by using the light-shielding thinfilmpattern as a nask;
devel opi ng 5 t he exposed photo-resist pattern so as to forma reduced
si ze photo-resist pattéern; and etching the light-shielding thin f|In1§aw‘
pattern by, using the reduced size photg resist pattern as a mask. The
phot o-resi st pattern may be fornmed by applying 10 a photo-resist |ayer
to the light-shielding thin film selectively exposing the photo-resi st

| ayer, and developing t he exposed photo-resist layer.so as to formthe
phot o-r esi st

-The lig hi el d th|n f,il a netal thin 15
film and thEhgﬁ? gr ARDipg Fo&hﬂg ﬁk& 3%& &hggépéaQﬁﬁqkuively, t he
l'i ght - sh|eldxpgsihgnthelphoup-hesastepammaducthmoubhnthd mawegseof silicon.

The 1atter gRioCQEPLESe1 gntatiaRshS HINPUAE TRy (1Tl

extrinsic sti|con ghctlve thin
filmis pr eléﬁbb??hiél#éﬂgoﬁhﬂ-ﬁefé)lﬂr P#é'—l"t@r@i leisc an Ma@sr deyiedopisigng t he

pat tser ned Ceﬂéuékpﬁgeahpﬁoftbl-ﬂ‘eﬁis% ?sa Iterhheoeétsr isSiforad lal con.layer is
etched to for arce gndthngegEg ern and.Lt%:Tn eqﬁlprlor to the
formati on of® “ge Size pn ; g
light-shielding thin film pattern by using the reduced
size photo-res;st pattern as a mask. _ : :
The photo-re51st pattern may be formed by applying

10 a photo-resist layer to the light-shielding thin film, _ ;}
selectively expOSing the photo—resist layer, and
developing the exposed photo-resist. layer so as to form
the photo-re51st pattern.

The light-shielding thin film may be a metal thin

15 £film and the latter may be formed into a gate electrode.

' Alternatively, the light-shielding thin film may
be a semiconduotor thin film e.g. of silicon. The latter
may comprise an intrinsic amorphous silicon layer and an
extrinsiczsilicon layer. In this case, a patterned -

20 conductive thin f£ilm is preferably formed on the
extrinsiCESiIicon'layer; and, using the patterned
conductive thin film as a mask, the extrinsic silicon
layer is etched to form source and drain electrodes. A



patterned canductive thin film .a photo-resist pattern is formed on the
Jight-shielding thin filmand the latter is used as a mask in the exposure
vf the photo- 5 resist pattern'through the reverse side of the |ight-
transmtting substrate. The invention also conprises a product, e.g. a thin
filnkilpnsistor or a photo-sensor, having a light- shielding thin film
prodted by the process set forth 10 abaye. The invention is illustrated,
merely by way of exanple, :#.n ‘the acconpanyi ng draw ngs in which Figures 1,
2 and 3 respectively illustrate steps in first, second and third

enbodi nents of the present invention. 15 Figure 1 shows a first
enbodi ment of the present invention in which a process for making a |ight-
shielding thin fil &f degifadd prdar HQa &he Hormatien 9Fithe gate el ectrodes

or gate W ri patelerhddidorididtiverntiisi ¥ilw0 a photo-résfst)artlerd here are
Craner i ng L6 BT O i ot ey O TP eyt andehd i Py ng
thin film12lelftiter risy usedvede somasketm| theiexgosure okl thelphato-esi st
er 53 Eoreptan pati ikdlol Nl AR el SESGR Tghe s (e
substrate 11traasitding sabatg@tedight-shielding thin film12 (& in this
case) to form a gairheligfidmddn Elddidonpidies d Prbdict, e.g. a
thin film transistor or a photo-sensor, having a light-
shielding thin film produced by the prdgess set forth
10  above. ' - : | . '
‘The invention is illustrated, merely by way of
example, in the accompanying drawings in which Figures
1, 2 and 3 respectively illustrate steps in first,
second and third embodiments oﬁ the present invention.
15 . Figure 1 shows a first embodiment of the present
invention in which a process for making a light-
shielding thin film is applied to a metal thin film
forming gate electrodes or gate wiring of a thin-film
transistor. - - | -
20 . In Figure 1, there are shown, in the form of
~ successively superposed layers, an iqsulating light-
transmitting substrate 11 which may be made of glass, a
W, light-shielding thin film 12 which may be made of a
' metal thin film, and a photo-resist layer 13.
25 Each step of the process will be described in the
order of (A) to (F) shown in Figure 1.
(A) On the light-transmittihg substrate 11 there
is evaporated a light-shielding thin £ilm 12 (Cr in this
case) to form a gate electrode. To this light-shielding




4 thin film21l2 there is applied a positive photo-resist layer 13; whith is

subsequent |
sel ectively
pattern 13a

etched by a

pattern 13a
s irradiat
pattern 13a
mask. (This
rays 14 are
phot o-resis
phot o-resi s

y pre-baked. (B) The pre-baked photo-resist layer 13 is

exposed, followed by devel opnent, to forma 5 phot or esi st
of desired shape. No post-baking is performed. (C) Using the
photo-resist pattern 13a as a nask, the light-shielding thin film 121is7; -
n aqueous solution of ceriupgg anmoniumnitrate 10 [erﬂ.sj*to
forma light shielding thin filmpattern 12a which matches the photo-resist
. Then, the reverse side of the light-transmtting substrate 11
ed with ultra-violet rays 14 so as to expose the photo-resist

eBlp a1t a2C thare 4o, SRRLIEY R RS VE At IRSHE o\ ol o

lapeer 08¢ Whiche ils gubssigqueEintilyy pre-+bdkddn pattern 12a, the

 pat 3P 202he” B Uk BIRAL SRS Ralell SR, TG,

rays

14 whi ch ar sedpttiyedyd ezposed cfiodd e devghopmeny dite form &i | m

pat tgrn 12a§hoe9):e£h§_tp?@t@err@.s i19a A RIFLred draple) PRk E-DbdKtaig t he
pattern 13a which has 25 been exposed 1n the

.phot o-r esi
6§ePF§fP§WE§ed. Thus a photo-resist pattern 13b i's obtained

edge of the
step (O ab
which is a
l'i ght-shi el

10

15

20

25

reduceqCyi zeUsdng cheofphotoiextist qetdenmtl3a asldm. (E)
ﬂhgﬂ,tQhQ &Ebﬂkggﬂfﬂfaiﬁgaﬂﬁin_film 12 is etched by a
aqueous solution of cerium ammonium nitrate -
(NH4')2Ce(NC3)6 to form a light shielding thin film
pattern 12a which matches the photo-resist pattern 13a.
Then, the reverse side of the-light-transmitting
substrate 11 is irradiated with ultra-violet rays 14 so
as to expose the photo-resist pattern 13a by using the
Iight-shielding thin film'pattern.12a=as]a mask. (This
step is referréd to as back exposure). Since the ultra-
violet rays 14 are absorbed by the light-shielding thin
film pattern 12a, the photo-resist pattern.13a is hardly
exposed. However, the edge of the photo-resist pattern
13a is partly exposed by the ultra-violet rays 14 whiéh_
are diffracted or reflectéd (by the light shielding thin
film pattern 12a). : o a

(D) The phdto-resist pattern 13a is developed so
that the edge of the photo-resist pattern.lBa which has
been exposed in the step (C) above is removed. Thus a
photo-fesist pattern 13b is obtained which is a reduced
size version of the photo-resist pattern 13a.

(ﬁ) The light-shielding thin film pattern 12a is

The
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.5 etched by ,plasnma dry etching which.uses a i xed gas of tetrachl oronet hane
(CC1l) and oxygen as an etchant. During the plasma dry etching, the
Pphoto-resi st pattern 13b is drawn back. A m xture of chlorine-containing
gas 5 and oxygen is used i.n this exanple because a netal thin film of
chrorgumis used as the light-shielding thin film This m xed gas may be
repl ZEd by another one conposed of fluorine-contlai ning gas and oxygen in
the case where sone other..nmetal thin fildmis used. %0 (F) The
phot oresi st pattern 13b is renoved. Thus there is forned a gate el ectrode
of light-shielding thin filmpattern 12b. The light-shielding thin film
pattern 12b formed by the above-nentioned steps has a thinned edge, as 15

Zpg\mﬁni ntVFV: gwtexExbﬁFby | @@uﬁeﬁﬂw'dwﬁ%@mﬁidﬁi ngdehia) rfiided s whler gone
by’ pl asm. r FeETARMISTOMRENARAT Aoty M CORVGSTAR) A PO pat  er n 12D
hﬁs a ver'yts_[matihlgyth@ rﬂa;smae;ﬂﬁgﬁ:c}ﬁlmr er.t% Pt -aressicin padrteti rrFSt of
e o S 3fo Bl ST SRRSO Tof Rl Rt g e 1m0
transi stor. and oxygen is used in this example because a metal thin
film of chromium is used as the light-shielding thin
film. This mixed gas may be replaced by another one
‘composed of_fluorine-cohtaining gas and bxygen in the
case where some other metal thin film is used.
U 10 (F) The photoresist pattern 13b is removed.
Thus there is formed a gate electrode of - light-shielding
‘thin film pattern 12b. - e
_ The light-shielding thin film pattern 12b formed
by the above-mentioned steps has a:thinned_edge, as
15 shown in Figure 1(F), because the light-shielding thin
film has undergone etching twice. '
Especially in the case where the second'etéhing is
performed by plasma dry etching, the-resultingllight-
: shielding thin film pétterh 12b has a.very'smoothly
20 tapered edge. : o ' ' )
~ Figure.2 shows a second'émbodimentgof the present
. invention, in which. the process of making the light4
o shielding thin film is applied to a semiconductor thin
film of a thin film transistor.



6 In Figure 2, there are shown an insulatiing {ight- transmtting-substrate
21 which may be nade of glass a light-shi-elding thin film 22 constituted by
a sem conductor thin film and a photo-resist layer 23. 5 .

Each step of the process will be described in the order of (A) to (H shown
in Figure 2. (A The substrate 21 hasga previously formed gate el ectrﬁde '
25 (preferably fornmed by the process shown in Figure 1) and a gate .
insulating |ayer 26. On this gate 10 insulating | ayer 26 there are
formed an intrinsic anorphous silicon |ayer 221 (150~250 nmthick) and an
extrinsic silicon |ayer #2Zifde-20 dharé hirekshdmy ddanpbrsARg @Ybhe<{ chem cal
vapour -deposition) nethod. (The silicon layer .221 contains substantially no
inmpurities which fungahamitting substrateaZl @hixl faprbeafigdPbbrglasand the
silicon |ayer 222 contains an appropriate anount of inpurities which -
function as donors or liglephielsling thie fﬂmrzmspnsmtmwsa sehicmdut eorer
221 and the extrinsic silicon layer 222 are sem conductor thin filns which
col l ectively constittds £idm, and a photherdsightlayhr d3di ng thin film22. Onto
this light-shielding thi n film22 there is applied a positive photo-resist
layer 23, ol lowed by priEaskkstep. of e propres jridlhacdespibed-Inethsordeser 23
i s exposed, followed by devel opnent, . to_ form a photo-resist pattern 23a 25
of desired shape. é@stmbgk)l g iﬁe‘?"ingF‘Frezd .

(A) The substrate 21 has a previously formed gate
electrode 25 (preferably formed by.the proceSS'shown-in
Figure 1) and a gate inSulating'léyer:26. Qn shis gate
10 .insulasing layer-26 there are forﬁsd;an_intrinsic smo;phous
silicon layer 221 (150~250 nm thick) and an extrinsic
silicon layer 222 (30~50 nm.thiék) by the plasma CvD,
(chemical vapourIdspositisn).mgthdd,. (fﬁe silicon layer
221 contains substantially no impurities which function
15 'ss donors or acceptors, and ths siiicqﬁ layer 222 contsins
an appropriate amount of impurities ﬁhich function as
~ donors or acceptors). The intrinsic amorphous silicon
layer 221 and fhe.extrinsic_silicon layer 222 are \;/
semiconductor.thin films which.collectively constitute
20 the light-shielding thin film 22, Onto this light-shielding
thin film 22 there is applied a'positive photo~resist
layer 23, followed by prebaking.
(B) The pre-baked photo-resist layer 23 is exposed,
followed by development, to form'a-éhoto-resist pattern 23a

25 of desired shape. No post-baking is performed.



7 (C : Usi.ng the photo-resist .pattern 23a as a mask, the |ight-shielding
thin film22 is etched in the usual way to forma light-shielding thin film
pattern 22a. (In the case where the light-shielding thin filmis mde of
silicon as 5 in this enbodinment,the light-shielding thin film22is

et ched,  whil e the photo-resist pattern 23a 1S drawn back, with plasma dry
etchlﬁg in which a mxture of fluarine-containing gas (e.g., CF4) and
oxygen is used as an etchant) Then,the light-transmtting substrate 21 is
irradiated through its 10" reverse side with ultra-violet rays 24 so as

to expose the photo-resist pattern 23a, using the |jght-shielding thin film
pattern 22a as a nme&R. (Biike ERpRIGFR res§hc§’gtf?fé‘ g#fraﬁ 3im8Fet PRys 24 are

absorbed by the Ii &%hi—%‘hﬂﬂﬂ X%hg%g%{llml(g}p At L eI g248 ¢ h Emesughq;@g E@S' st

pattern 23a is har hess of "abou

enough for the ult ra.vi Oll?%h{}%h%el%ﬁ %co% {gﬂ%\é tt@pg Qed(c}gytﬁéqgagé ght-

shleldlngthlnfllmo’I!l ano SusSSiT ver, e of the

phot o-resi st patte s L fX0RS Aa¥i s 24
which are diffract e‘gl g‘;éé}:hlef #eggl%e% Qﬂnphm%rgﬁe gﬁlsg':lgfor%a%{hl nfilm

pattern 22a.5(D)"  inThgiPRALSriRES %hepﬁtghermamdg&mveimed £0 that the

edge of the photo resist pattern 23a which has been exposed in the step (O

above is removed. THdfed h@hEld EholPhatsadststphat cernesis tis pitatrerbacR3brishi ch

is a reduced size 25 .version of the photo-resist pattern 23a. 8
plasma dry etching in which a mixture of fluarine-containing

»-l

gas (e g-» CF )and oxygen is used as an etchant) Then, the
light- transmitting substrate 21 is irradiated through its
10 reverse side with ultra-violet rays 24 so as to expose
the photo-resist pattern 23a, using the light-shielding
thin fiim pattern 22a as a mask. (Back exposure). Since the
'ultra—violet rays 24 are absorbed by the light-shielding thin
film.pattern 22a, the photo-resist pattern 23a is hardly
15'. . exposed. (A thickness of about 200 nm is enough for the
| ultra-violet rays 24 to be mostly absorbed by the light-
'shielding thin film of amorphous 51licon).. However, the
N : .edge of the photo-resist pattern 23a is partly.exposed by the
ultra-violet rays 24 which are diffracted or reflected by the
20 light?shielding thiu filmlpatterh 22a. |
| (D) ' The.photo—resist pattern 23a is developed so
that the edge of the photo-resist pattern 23a which has been
exposed in the step (C) above is removed. Thus there is
obtained a photo—resist pattern 23b which is a reduced size

25 version of the photo-resist pattern 233.



(E) The light-shielding thin filmpattiern 22a is etched, using-the -
reduced size photo-resist pattern 23b as.a mask, by plasma dry etching

whi ch uses .a mi xture of fluorine-containing gas such as CF, and oxygen as
an etchant. 5 During the plasma dry etching, the photo-resist pattern
23b is drawn back. (A mixture of fluorite-containing gas and oxygen |s;ﬂ ed

in this enbodi nent because a sem conductor thin filmof silicon is us as -

the |ight-shielding thin film This gas m xture nmay be replaced by anot her
gas m xture accordin e . senj conductop, thin filmused).
(F)  The reduced 5| h(lit?‘f) Fé?f‘s‘tt}‘ ﬁf’ﬁ {”‘ZBEH% pl"éh"tﬁ?eégi t?‘ﬁus there is

formed a |ight-shi n fil tt b in P ape ‘an island,
t he pattern 22b &6 ‘(r:arhp% s'lgshg i A erlrﬁslfc(%%an’grp %%tso “§TT co?lasqlag%rﬁ 21b and 15

extrinsic sili cong '%‘2%%%%1&9& Mygmcﬁg e“l,ﬂlcﬂglsteg Iy J gEt ern 22b

formed by the ab&Ve- men Ste h| nn own in Figure

2(F). because th%llxct?%ln e %gg%é“s{}cl{'alsnéf]aaﬁd%%&g%eaﬁte(tgmt‘Mce 20

(G A conductive (indfum tin oxide) for -the source
and drain £l ectr gdemgl nd qﬂm QPy tdiehind, LS iphobd-res it Fa&e&n@ﬁb by EB
evaporation or sputter evaporation. Since the light-shielding thim film
pattern 22b has astddawiesheRdo@a mgmﬂ-esbepfmmeagﬁzceinidgegmndwct|ve thin
25 film27 is obtained without the |ikelihood that the conductive thin
film27 can be bbﬂkgﬂ’n as dsked &t epss embodiment because a semiconductor thin

film of silicon is used as the light-shielding thin film. This gas

T

mixture may be replaced by another gas mixture according to ' o/

10 the type of semiconductor thin film nsed);

(¥ The.reduced size photo—resist.pattern 23b is
removed. Thus there is formed a lighteshieldin'g thin-filn
pattern 22b in the shape of an island, the pattern 22b
comprising intrinsic amorphous silicon layer 221b and

15 extrinsic silicon layer 222b. |

The light-shielding thin filn pattern 22b formed by
the above-mentioned steps has a thinned edge, as shown in
Figure Z(F) because the light-shielding thin film has
undergone etching twice.

20 : (G) A conductive thin film 27 of ITO (indium tin
oxide) for the source and drain electrodes.is formed on the
.extrinsic silicon layer 222b by EB evaporation or sputter
evaporation. Since the light-shielding thin.film pattern 22b
has a thinned edge, good step coverage of the conductive thin

25 film 27 is obtained without the likelihood that the conductive

thin film 27 can be broken at the steps.



(H : The ,conductive thin film 27-i.s patterned according to a desired
shape. Using.the patterned conductive thin film 27 as a mask, the extrinsic
silicon layer 222b is etched to form source and drain el ectrodes 5 222c.
Thus a thin filmtransistor is formed by the above- nentioned steps (A to
(H) . .Figure 3 shows a third enbodi nent of the present invention, in which
the p¥¥cess of mmking the light- 10 shielding thin filmis applied to a
sem conductor thin filmof a photo-sensor. In Figure 3, there are shown an
insulating light- transmitting substrate 31 which may be nade of glass, a
light-shielding thin film32 constituted by a 15 sem conductor thin film
and a photo-resist layer 33. Each step of the process will be described in
the order of (A) to (H shown in Figure 3. (A The substrate 31 is
provided with a previously forned Iogﬁr el ectrode 35 (preferably formed 20
by the process shown in Figure 1). this substrate 31 there are forned
an intrinsic anorphous silicon Iayer 321 (about 600 nm thick) and an

extrinsic silicon I ﬁy’erno | Q@{H}ﬁp@gflu(w & aFt?t{bzlr?é/d?r 321

contai ns substanti a unction donors or

urltles ich 25
accept ors, ﬁ&cpﬁ'élﬁg itCoR Ir%ﬁe‘rreﬁ?l&i?ﬂal s ing ﬁﬁ@#@fﬁ@%unt of
i mpurities weopldulctisie camas ﬁiqmor'ﬁ/ Qs &€ R0 the ebfterindic n$iXiduwr phous

f'h[ 'nCO” layen 33 33%r 13 “'e“as %AMOs%dra eerana’-zaf"‘a{ien SSTLSORHIE O
5 zzzc. o
' Thus a thin film transistor is fbfmed by the above-
U . mentioned steps (A) to (H). | |
_ Figure 3 shows a third embodlment of the present
invention, in which the process of making the light-
10  shielding thin f11m is applied to a semlconductor thin
: film of a photo-sensor.

' In Figure 3, there are shown -an insulating light-
transmlttlng substrate 31 which may be made of glass, a
light-shielding thin film 32 constituted by a

1s  semiconductor thin film, and a photo-resist layer 33.
_ Each step of the process'will be described in the
order of (A) to (H) shown in Figure 3.
(A) The substrate 31 is prov1ded with a
_ previously formed lower electrode 35 (preferably formed
N~ 20 by the proéess shown in Figure 1). On this substrate 31
“ there are formed an intrinsic amorphous silicon layer
321 (about 600 nm thick) and an extrinsic silicon
- layer 322 by plasma CVD method. (The silicon layer
321 contains substantially no impurities which
25 function as donors or acceptors, and the silicon layer
322 contains an- approprlate amount of lmpurltles which
function as donors or acceptors). The intrinsic
amorphous silicon layer 321 and the extrinsic silicon
' layer 322 are semiconductor thin



10 films which collectively constitute the |+ght-shielding thin fiil-m32.
Onto this light-shielding thin film32 is applled a positive photo-resist

| ayer 33, followed by pre-baking. 5 (B) The pre-baked
phot oresi st |ayer 33 is exposed, followed by devl eopnent, to forma -

- photo-resist pattern 33a of desired shapg. No post-baking is performed;L(C
Usi ng the photo-resist pattern 33a as a mask, the light-shielding thimffilm
32 is etched in the usual way to 10 formallght shielding thin

filmpattern 32a. (In the case where the light-shielding thin filmis nade
of silicon as in this enbodiment, the light-shielding thin film32.s

etched, while the RHQ&Q%Q@H %Blpé’éttieéi} 3eastitutl 3NE PReK-sMeididgl asma dry
etching in which a mxture of fluorine-containing 15 gas- (e.qg.

[err]) and oxygen ithidlS@dmasR.anodioC Bkl LightFeRie1difg dhifdiihrsnsm tting
substrate 31 is irradiated through its reverse side with ultra-violet rays
34 so as to expose ishgpglied & pesitive picte+resise lahear 33¢xfriduwead bySi nce t he
ultra-violet rays 34 are absorbed by the |ight-shielding 20 thin
filmpattern 32a, tphe-q[dtdng)rrey st pattern 33a is hardly exposed. However,
the edge of the phot o-resist pattern 33a is partly exposed by the

ul tra-vi oBet rays 34 whiBgh arTdeditef-pakadepbesioregfatetaney B3 ishexposed,

| i ght-shielding thi n filmpattern 32a. 25 (D) . The exposed
phot o-resi st patter fqllowed; dé%#"c?ﬂé’éf-’ to form a photo—resist pattern 33a .

of desired shape No post-baking is performed.
(©) Using the phot0°resist pattern 33a as a mask, the W
light-shielding thin film 32 is etched in the usual way to
10 - form a light-shieldlng thin film pattern 32a (In the case
where the light-shielding thin film is made of silicon as
in this embodiment, the light-shieldipg thin film 32 is
etched, while the phote—resist pattern 33§eis drawn back,
with plasma dty.etching iﬁ which a mixture of fluorine;containing
15 - gas (e.g. CFA) and oxygen is used as an etchant). Then, the
light—transmittiﬁg eubstrate 31 is.itradiated through its
reverse side with ultra-violet rays 34 so as to eprse'the
photo-resist pattern 33a (back expoSure); Since the
ultraéviolet raye 34 are absorbed by the.lightfshielding
20 thin film pattern 32a, the photo-resist pattern 33a is hardly
exposed. However, the edge of the photo-reeist pattern
33a is partly exposed'by the ultre-viqiet_rays 34 ﬁhieh
-.are_diffracted or reflected by the light-shielding thin film

pattern 32a. _ _
25 (D) The exposed photo-resist pattern 33§'is developed



o

so that ‘the edge of the photo-resist: pattern 33a which has been exposed in
the step (C) above is renoved. Thus tshere is obtained a photo-resist
pattern 33b which is a reduced si‘ze version of the photo-resist pattern
33a. 5 (E) The light-shielding thin filmpattern 32a is
etched, ,using the reduced size photo resist pattern 33b as a mask by plasma
dry e?thlng whi ch uses a m xture of fluorine-containing gas such as CF and
oxygen as an 4 10 etchant. During the plasma.dry etching, the
reduced size photo-resist pattern 33b is drawn back. (A m xture of

f1 uorine-contai ning gas and oxygen is used in this enbodi ment.because a .
sem conductor thin filmof silicon is used as the light-shielding thin

film This gas m xturg @Byt kee 1 ge ‘of the 2Rt GRAiISY pabRides3PaRidd Xture
according to the type of semiconductor thin filmused). Then, the

light-transmtting suiast bédme edfosed id taedisepd(d)hamaghis heméﬂaaer Sikussi de
thereof with ultra-violet rays 34 (back exposure) for the exposure of the
edge of the 20 theletis pbsiintd papherarrddist péftern T3IBd wiichois esi st
pattern 33b is exposed, and the edge of the photo-resist pattern 33b which
has been exposed in tieduadsbwdzeronersinredt stheppi{dEp-resisermareern BAgs there is
formed a photo-resist pattern 33c which is a reduced size 25 ver si on
of the photoSresist patter{)33p.The light-shielding thin film pattern 32a is

etched, using the reduced size photo resist pattern 33b
as e'mask by plasma dry etching which uses a mixture of
fluorine-contaihing gas such as'CFA'end uxygen as an
10 etchant. During the plasma dry etching, the reduced size
photo-resist pattern 33b is drawn back._ (A mixture of
fluorine-containing gas and oxygen is.used in this eubodiment
because a semiconductor thin £ilm of silicon is used as
the Iight-shielding thin film. This gas mixture may be
15-. replaced by another gas mixture eccordihg to the type
of semicouductor'thin film used).
| Then, the light transmitting substrate 31 is irradiated
\_) : ' through the reverse side thereof with ultra—violet rays
34 (back exposure) for the expdsure of the edge of the
20 ~ photo-resist pattern 33b.
| | (F) The uhoto-resist.pattern 33b is exposed, and the
edge of the photo-resist pattern 332 whieh hes been exposed
in the abeve;meutiohed step (E) is removed. Thus there ‘is
“'formed'a photo-reSistluattern333£ which is'a reduced size

25 version of the pheto—resist pattern‘33§.



(9 The light-shielding thin filmpattern 32b is etched by plaspa-dry
~etching which uses a m xture of fluorine-containing gas such as [err] and
oxygen as an etchant. During the plasma dry etching, the photo-resist 5
pattern 33c is drawn back. The light-shielding thin filmpattern 32c _
formed by the above-nentioned steps hasl® stepw se thinned edge, as -she

in Figure 3(G, because the light-shielding thin filmhas undergone &t éfiing
three tines. 10 (H) The photo-resist pattern 33c is renoved.
Thus there is forned a light-shielding thin-filmpattern 32c shaped as an
island. Then, a conductive thin film36 of ITO (indiumtin oxide) is

formed by EB evaporati ut ation conduct e thin film
is patterned 15 . P‘Qccor%ﬁﬁgﬁ'@gt as\{‘ggg‘ijrnédt?ﬁ'aggﬁl Baf%ﬁrfh upper

el ectrode. Since t-shiel di f| I hattern has st epw se
t hi nned edge, goocf‘ssfiecﬁggol\’/ye aﬁsemo?%f e co |ve ?%lanmﬁ&f’ |sfaobt ai ned

w t hout the |ikel |£Jlggpmteng‘gﬁ]ttag§i&8%g¥%hweast E# nsa% ﬁ’gg lf’?nbe br oken at

the steps. 20 0- sensor 4

above-menti oned StRgade?) 6&1QEDthe' p1d<ag &@SG:&IinEhethfe' 6&8%&@‘30”(’

enbodi nents nentioned above back exposure 1s perfornmed once, and in
the case gf the tHatde-stbosi TBNEratBNEdckNed above, the back exposure is 25
performed twi ce. The back "exposure nay be repeated as many 13 tinmes as
necessary accor di ng torHehmgHtl-skmasng)fthithilm pattern 32¢c formed by '

the above-mentioned steps has a stepwise thinned edge, as
_sﬁown in_Figure 3(G), because the light-shielding thin. ' \-)
film_has{ﬁndérgone etching ﬁhpee-times.
10 : (H) | The photo-resist pattern 33£_is removed. Thus
there is formed a.light-shielding-ghin-fiim éat£ern 32¢
shaped aé an island. Then, a conductive thin film 36‘;f
ITO (indium tin oxide) is form;d by EB evaporation of
sputter evaporation. The conductive thin-film is patterned
15 according to a desired shape to form an upper electrode.
Since the_light—shielding thin film pattern 322 has a stepwise
thinned e@ge, good step coverage of the conductive thin film
is obtained without the likelihood that the conductive thin
film 36-will be broken at the steps.
20 Thus a photo-sensor is formed by the above-mentioned
steps (A) to (H).
In the case of the fifst and second embodiments mentioned
above, tﬁe back exposure ié performed once, and in the case

of the third embodiment mentioned above, the back exposure 1is

25 performed twice. The back exposure may be repeated as many



light-shielding thin filmetc. I:n the second and third enbodi nents, the
light-shielding thin filmis a silicon |ayer; however, it may be replaced 5
-y anot her sem conductor such as' CdTe. The process of the present invention
enabl es the edge of the light-shielding thin filmpattern to be nade

t hi nper than other parts w thout increasisng the nunber of nmasks. Therefore,
the t9h film formed on the |ight-shielding 10 thin-filmconpletely
covers the step of the light-shielding thin film and it is very unlikely .
that the covering thin fil'mw |l be broken at the stepped edges. Thus the
process of the presetiimes MechbiadB3aperattdiing tdphe whiekiessnof lige

manuf acturing yi el d. CLAI M5 1. A process for naking a :

| i ght - shi el di ng t hi nLifght etdehgingstinip £blmrieng. a |ight-shielding thin film
directly or indirectly on a light-transmtting substrate; formng a.'

phot o-resi st pattern theld ithatsecbnd andhtitdirdi empodinmemtsi |t bisbhrshjeiding
light-shielding thin filmby using the photo-resist pattern as a nask,
thereby forming a |itgHe-EHmelgiangitison ¥avers JwrFeesh; 1o ,@3gshngepinced
phot.o-resi st pattern through the reverse side of the light-transmtting
substrate By using th¥eanerher| sepdronducteryisngh tasi Rd¥e+ m pattern as a nask;
devel opi ng t he exposed phot o-resi st --pﬁttern'so,as t(i forn}’ﬂ rgﬁuc d size
phat o-resi st pattern; antP%ePtia§ thé"fiRFAES SAPETHAY TAPHS PS8 tern by

using. the reduced sié¥3the light-shielding thin film pattern to be made thinner
than other parts without increasing the number of masks.
% .~ Therefore, the thin film formed on the liéhtfshieldiﬁg_

10 thin-film completely covers the step of the light-shielding
thin film, and it is very unlikely that the covering thin
film will be broken at the stepped édges. Thus fﬁe process
of the pfesent invention permits an improvement in the

manufacturing yield.



photo-resist pattern as a mask. 15 2.0 -+ - - A process as clarnmed i'n
claiml1 in which the photo-resist pattern is fornmed by applying a photo-
resist layer to the light-shielding thin fil'm selectively exposing the
photo-resist |ayer, and devel oping the exposed photo-resist |ayer so as. o
form 20 t he photo-resist pattern. 3. A process as clai ned
claim1l or 2 in which the |ight- shleldlng thin filmis a netal thin f|fﬁ1
4, A process as clained in claim3 in which the netal
light-shielding thin filmis forned by thée process 25 into a gate

The-etaing of the 11ght eni e ai ng e n i1 INEIEIERAIQAIE. o Ly o

dry et ching. 15 6. A process as clfai fred* i cl®aim 1-or 2 in whi ch
the light-shielding thin fil merarmgsenm conductor “thin film 7. A
process as clained in claimé6 Tn which the 5 said thinfilmis a silicon
thin film 8. A process as clained in claim7 in which the

light-shielding thin filmconprises an intrinsic anorphous silicon | ayer

and an extrjnsic SI|ICR 563553 %°§ Fﬁkinﬁ ?n§&§5&§§h3%1@ %é n claim@

in which a 10 patterned PEehauct iV e extrinsic
si licon | ayBtlmapempuiphggt RerpingeAnddght-shielding thin film

directly or indirectly on a 11ght-transm1tting
gsubstrate; forming a photo-resist pattetit on the light-
5 shielding thin film; etchlng ‘the light-shielding thin
film by using the photo-resist pattern as a mask, '\_)
thereby forming a light~shielding thin film pattern;
exposing the photo-resiég“pattgrn_thgoggh-the_rgverse
side of the light-transmitting substratq-by'using the
10 light-shielding thin film pattern as a mask; developing
the exposed photo-resist péttgrg_so as to form a reduced
size photo-resist pattern; and etching the 1light-
shielding thin film pattern-by uéing_the reduced size
_ photo-resist pattern as a mask.
15 2. A process as claimed in claim 1 in which
the photo-re51st pattern is formed by applying a photo-
resist layer to the light-shielding thin film,
selectively exposing the photo-resist layer, and _ _ .
developing the exposed photo-resist layer so as to form Al
20 the photo~-resist pattern.
3. A process as claimed in claim 1 or 2 in which
the light-shielding thin fiim is a metal thin film.
4. . A process as claimed in claim 3 in which the
metal light-shielding thin film is formed by the process
25 into a gate electrode.
‘5. " A process as claimed in any preceding claim
in which the etching of the light-shielding thin film-
pattern is effected by plasma dry etching.



conductisve sthin filmas a mask, the-extrinsic silicon layer is etched to
formsource and drain el ectrodes. 10. A process as clained in any of

~élainms 6-9 in 15 which, prior to the formation of the patterned conductive -

thin film a photo-resist pattern is forned o‘mﬁlmumﬂlmmml)dl ng thin
filmand the latter.is used as a mask in the hot o- r esi st
patter™h through the reverse side of the light-trdnshitfing 20 substrate.

11. A process for maki#igsa light-shielding thin film substantially
as herei nbefore described ith reference to any ofFigures 1-3. 12.

A product having a light-shielding thin film25 yr oduced by. the process
claimed in afy precedind (grzgcrﬁssl%s claime ’ﬁ}dﬂ\%’“aﬂs ‘?:"I'aé)rféh Which ai m 12
i n which thetheodight-shddliing ithirn riilm stsora semiggrmiuctansthiin

film. _
- 7. A process as claimed in claim 6 in which the
5 - said thin film is a silicon thin film.
8. A process as claimed in claim 7 in which the

light-shielding thin-film.comprises_an-intrinsic amorphous
silicon layer and an extrinsic silicon layer. |
9. A process as claimed in claim 8 in which a

10' patterned conductive thin film is formed on the

W, . extrinsic silicon layer; and, using the patterned

conductive thin film as a mask. the extrinsic silicon
layer is etched to form source and drain electrodes.
10. A process as claimed in any of claims 6-9 in

1s - which, prior to the formation of the patterned
conductive thin film, a photo-resist pattern is formed on
the light-shielding thin film and the latter is used as
a mask in the exposure of the photo-resist pattern
through the reverse side of the light-transmitting

20  substrate. S
11. A process for making a light-shielding thin
film substantially as hereinbefore described with
reference to any. of Figures 1-3. '

o 12. A product having a light-shielding thin film
25 produced by the process claimed in any preceding claim.
13. A product as claimed in claim 12 in which the

product is a thin film transistor or a photo-sensor.




