1 "METHOD OF MANUFACTURI NG AN AMORPHOUS- SI LI CON THI N- FI LM TRANSI 22(1 2@@,
i nvention concerns a nethod of rmanufacturing an anorphous-silico

t,ransi stor. According to the present invention, there is provided a nethod

of manufa®turing an anorphous-silicon 5 thin-filmtransistor

conprising formng a gate electrode on an insulating substrate; formng a
gate insulating layer on the gate el ectrode.,and on the insul ating

substrate; form ng an anorphous-silicon IayéT on the gate insulating | ayer;
formng a protective insulating 10 | ayer on the anorphous-silicon

layer; inparting a pajeehbp 6F MANORACTYRING WP AMUREHBUSLAE & fidigt rode, to
the protective |nsulaﬁEng—Eayer-sU—as—r0—expose—a—torresponﬂg%g—pﬂrt|on of

t he anorphous-silicon |ayer; fornlfdNo¥ lide IRANSIGIGC | nsul ating | ayer,

and on the 15 sai d correspondi ng portion of the anorphous-silicon

| ayer, an inpurities-containing silicon layer containing inpurities serving
as a donor—or as an acceptor; and formng a source electrode and a drain

el ectrode which partlyraier Ilmewtaow Qs‘oeraelh rifs lanm#tﬂ{ddlgn‘{ auamflat&&ﬁg;
i mpurities-containin icon | er and .t he Qu ilicon layer belng
sel ectivel y rerm?ﬁda'&gm opgssd Fé’é‘ gﬂ"d’q %@altﬂa %Es %9¥5de as a mask.
Preferably, the said pacrerding itopdhecpresernte thmﬂuton/.e thexne ats ng | ayer

by appl yi ng phot iaah %SPﬁ?tm#;S’{at. mufel Y 4 s s%iﬁlwn

irradiating the ace strate opposi te 10
provided ®ith t hﬁhgarslémea:mamémramnmwm fomning @ materalectrode

photo-resi st; angnegl th&ﬂattﬁﬁgd@(ﬂis(ﬁ%é)hwﬁ@% qite Imsklating
etCh{ng tbe 30 ayg;O%%F%hLFQEQZHQ1gé¥¥oé§/and on the insulating
N2 substrate; forming an amorphous-silicon layer on the
gate insulating layer; forming a protective insulating
10 - layer on the amorphous-silicon layer; imparting a
pattern, corresponding to that of the gate electrode, to
the protective insulating layer so as to expose a
corresponding portion of the amorphous-silicon layer;

forming on the protective insulating layer, and on the

15 said corresponding portion of the amorphous-silicon
layer, an impurities-containing silicon layer containing
”impurigies,serving'as a donor or as an acceptor;. and
forming a source electrode and a drain electrode which
partly overlap the protective insulating layer, the
20 impurities—containing silicon layer and the amorphous-
silicon layer being salectively removed using the source
and the drain electrode as a mask.
- Preferably, the said pattern is imparted to the
protective insulating layer by applying photo-resist
25 thereto; developing the photo-resiét by irradiating the
surface of the insulating substrate opposite to that
~.  provided with the gate electrodfe so as to impart the
said pattern to the photo-resisﬁ; and employing the
developed photo-resist as a mask while etching the
30 protecti&e insulating layer. '



2 In one formof the present invention, a metal layer is formed directly on '
the inpurities-containing silicon |layer; a pattern corresponding to the
source el ectrode and the drain electrode is inparted to the 5 nmet al

| ayer; the inpurities-containing silicon |ayer and the anorphous- S|h}con

| ayer are selectively renoved using the patterned netal |ayer as a mask; a
transparent conductive layer is formed directly on the netal l|ayer; and.the
transparent conductive layer is selectivély 10 renoved to form source

Wi ring connected to the source el ectrode and a.pixel electrode connected to
the drain electrode. Preferably, the thicknesses of the gate insulating

| ayer, the amor phoud® 1€ ERrR 9, thaPrRESpt iBYEPEdons a metal ating

| ayer are sulisdynst i id |ﬂoﬁ@@dMﬂﬁﬁéttyson5ehéa&ﬁﬁ&ﬁ'tie%%o?ﬁﬁﬂﬁﬁfqmt ers
respectively. .The inv. ntlon Ftustrated nmer ﬁ%ﬁ i way of exanple, in

‘the accompanyi it AW IRT 7 | 4 BRFERTD EPpLeePending Lo SOULSShal vi ews
illustrating emactrdd:av mdacmepdnai;nseﬂ.ecunodbl dsf impatrtedsite ¢he or an

active matri accordance with an

ambodmen:  omqtr Jlef fAdClabufheReBtebRrhibTRG SLIAERN 806 A

di agr am showithg tamorphousteil beonf laypezcaree sedecitivelye rempyied 25

crystal di Sphiing g 6 #térﬂedeﬁneﬂals?ﬁ?ei‘nﬂk ¥ BESK; o YrAEgu Y an

anor phous-silicomt m transistor an_active - r X typ iquid

cryst al d|sm9ﬂﬁ4§93¥ﬁ?m%PYﬂraé%o?ﬁﬁﬂé@ dirmackl Yn&%nthﬁtm&ﬁa ARYSF;
Figure 4 is %hdﬂtﬁfértmhspaféﬂttcdnﬁﬁéﬁﬂVEthzéﬂ' aspbéqled&qu of an
t

?ﬁgé\e/emnz:){gxfeniooved Oojlflo ysttmrcgl v%grng connectedq't t%ey Ss%%rcreat X
electrode and a p1xe1 electrode connected to the draln .
electrode. - S - - ; .“)

'Preferab1y5'the'thickneshes'of*the'gate insulating
layer,~the_amOrphousisilicon-lajer-and.the protective
15 v_insulating-laYer are substantially'BOO nanometers, 50
nanometers and 300 nanometers respectively.
The invention is illustrated, merely by way of
example, in the accompanying drawings, in which:-
' Flgure 1 is a set of sectional views illustrating
20 how an amorphous-5111con thin-film transistor for an
active matrix type liquld crystal dlsplay is formed in
accordance w1th an embodiment of the present 1nvent10n,
Flgure 2 is- an electrical circuit ‘diagram showing
the construction of an actlve matrlx type llquld : \)
25 crystal dlsplay, _ -
Figure 3 is a set of sectional views'illustrating
how an amorphous-5111con thin-film transistor for’ _
-~ an active matrix type liquid crystal display is formed in
| accordance’ with a known method; and -

1.

30 - Figure 4 is an electrical circuit diagram showing.
*  a pixel portion of an active matrlx type 11qu1d crystal
display. -

A thin liquid crystal matrlx image dlsplay is
known in which an MIS~type thin-film transistor using -



known in which an M'S-type thin-filmtransistor "using 3

anor phous-silicon is provided for each pixel as a switching el enment. Such a
di spl ay igfkndmm as an active matrix type liquid crystal display. Figure 2
shows an €Xanple of the construction of the above-described active matrix
type liquid crystal display. Wen, for exanple a scanning line Y1 is

sel ected from anong a group of scanning Iingﬁ , the gates of corresponding
thin-filmtransistors 11 connected thereto are simultaneously turned on, 10
and, through the sources of these thin-filmtransistors which have been

t hus turned on, v@lst I ?ﬁgﬁg inhformation
Is transmtted fro bgﬂa{:s pi I%r%&cjgsr Si gnzﬁwl | neﬁ%@tﬂlii@% aglln of each
transistor. ConfWétehing Q&GFF%l n Suehy &P laYe dis SO AS Fbvagtive
I mages bei ng di sphayed Qypbamﬁ d Reydtat dlﬁyl g ttance of a liquid

re

crystal layer 12 by reason e volta e d ce between this I

el ectrode and an opposgag@F@ctzr 53'9"@3 %%ﬁ?&' rcﬁ@mlqwrgpﬁgsi te
si) de wit h% res pgcthéoabbeegﬁescrdzbewIaﬂ:ﬁﬁw&lfdtﬂmaryp@f ; liiidretytal )
above-.nenti oned gates_are turne vol t age er ween the
above-nenti oned F?Eiagl‘ec 8&6 q@%dsead%é?agm gl%f S@E &Y ai ned
until the scanni aglbbnederm wloag @d graup toﬁracagmztrtgatlim&s 19 quihie

crystal 25 c p Eﬁﬂﬁﬂ s achi eving
a hi gh-contrast é%%% |sp apane eﬁﬁgl d%' ent % ecjﬁycatlon No.
- 58- 212177 di scl eoepegted: mr@rwrrmﬁ ml@%qusm Mﬁrx%metors in

whi ch a ggg € i NSHnAl | RArbAGH thd sthrces VPIHNS Sid-FVIn WnA¥hedrs
protectiv |nsula |ng have been thus turned on, a signal voltage
’

. corresponding to certain image information is
transmitted from each of a group of signal lines 10 to
the drain of each transistor. Connected to each drain

15 . 1s a pixel electrode (not shown), images being displayed
by varying the light transmittance of a liquid crystal
layer 12 by reason of the voltage difference between
this pixel electrode and an opposed electrode 13 formed
on a substrate on the opposite side with respect to the

20 liquid crystal layer 12. After the above-mentioned
gates are turned off, the voltage difference between the
above-mentioned pixel electrode and the opposed
electrode 13 is retained until the scanning line Y1 is
selected next time, so that the liquid crystal

25 - corresponding to each pixel is static-driven, thus
achieving a high-contrast image display.

Japanese Laid-Open Patent Specification No. 58-
212177 discloses a method of manufacturing thin-£film
transistors in which a gate insulating layer, an

30 amorphous silicon layer and a protective insulating

*. layer are successively formed in order to secure
reliability and reproducibilityiof the manufacturing
process, etc.

Figure 3 illustrates the above-mentloned known



| ayer are successively formed in order to secure reliability and

reproduci bility of the manufacturing process, ‘etc. Figure 3 illustrates the
above-nmenti oned known 4 manufacturing process. First, a gate el®egtrode
15 is formed on an insul ating substrate 14 of glass or the like. ¥en, a

gate insulating layer 16, an anorphous- silicon layer 17, and a protective
I nsul ating |ayer 18 are successively forned, as shown at (a).

Subsequently, ultraviolet rays are appl i4ed frontabove wi th phot o- resist
in a predeterntned configuration on the protective |nsulating | ayer 18

bei ng used as sk t.her eb roduci openi ngs, i the tec lye

i nsul at i ng lﬂanu F&?EF“?BB?%A%? J&%ﬁ?@ éﬁﬂﬁbr ?l%%nl?ayer 17
i n such a nafioemeiheh &ahe inlsntlammge substirstergl4 a;@rg]laﬁsspantlyheverl aps '
the gate 15 ho R g | ayer

whi ch cont ai 3 M?P?Fé P@%hg as%%#fﬁkfigyégrié} %R %ﬁﬁ h$% then

f or med. TheSthqont ileyetrorit"lal Rindy as iprakectigeringylatingrbayeri 18

i nsul_ating | r u P 17, vel y

r enoved, the?gg %gfﬁ?%qvgﬁ9lslan st?ﬁ%?ﬁ*e |E% UJEL s %gnln%g
shown at (C)U1tSGH§9&G§nFP¥5 AT aAPRdaacht Eﬁﬂmﬂhﬂvﬁmaﬂmﬁh photgar 20 |s

forned, and resgsgteshi &eb!eﬁﬁﬂéﬁﬁné&%&mﬁ.dtﬁ‘ﬁi&n oRothée el ectrode
drain pattern, a source_ wri.n patternxiggf Plxel el ectrode pattern. The

i npuri ti es- cBRPEPRERYCsiASEIR REIRRET 2P 2 ed ‘usi ng
t he patternsthértbg ﬁioducﬂngamgenmngs(1nuthe|pmoteut&v€01ﬂ9unaﬁﬁﬁ§ as

shown at - (fiyel’ 18780 @%“éﬂdé&ﬂttﬂﬂ " SIEIS 1 Lol 18er 17
in such a manner that the protective insulating layer
18 partly overlaps the gate 15 as shown at (b). An
impurities-containing silicon layer 19 which contains _
impurities serving as the donor or the acceptor is then
15 formed. The impurities-containing silicon layer 19, the
-protective insulating 1ayer'18,.and,the amorphous-
silicon layer 17 are selectively remeﬁed,-thereby _
forming an island structure including said openings, as -
shown at (c). ;Subsequentiy, a transparent conductive '
20 - layer 20 is formed, and is selectively removed,
thereby. forming a source electrode drain pattern, a

source wiring pattern, and a pixel electrode pattern.
The impurities-containing silicon layer -19 is then

selectively-rem0ved using the patterns of the ' _k) '
transparent conductive layer 20 as a mask, as shown at

'(d)s

1o
w

1f the'minimum=circuit wiring distance is L, it
may be desirable to arrange that an overlapping area
-with a width 2L is formed both in the’ sectlon between
30 the gate and the. drain and in that between the gate and
- the source. As a result, overlapping capac1tance is
generated in these areas,'whlch involves  the following
problems in the case of the method illustrated in Figure
3.



may be desirable to arrange that an overlapping area with a width 2L is
formed both in the section between 30 the gate and the drain and in
t.hat between the gate and the source. As a result, overlapping capacitance
I's generat™ed in these areas, which involves the follow ng problens in the
case of the nethod illustrated in Figure 3. 5 Figure 4 shows the
construction of one pixel portion of an ac&hye matrix type liquid crystal

di splay using the thin-filmtransistor sho in Figure 3, focusing in
particular on the overlap capacitance in 5 the thin-filmtransistor.

Th f | t - fi | ‘e 2 I xel
capact tance formed bet Rt o s’ Hid SARSCARLINR o nd BREE 2.0
el ectrode (not spemdion tof lamEaetive matrimtkypel Liqwid stioystabet ween
th 23 d t : '

em enot es djl.ggtloaly Téillﬁr%g{rg%& IR NEeaksi éﬁtﬁ‘wﬂf‘%’gcﬁ{%:{-é‘e

drain of the transi ] [ enotes the overlap capacitance Detween
the gate and the3yofiacising in partiguilar (op the |Q¥erlapfcaprcitaneepin

capaci tange 23 Wighe R igHE Aind rarfs S10¥] VIR AEEF EPERES PR P&l t 21 15

the pixel signal js charged.on t I xel capacit e .22 while the thin-film
ranst stor 23 s dOROHRRLE RS F FrAns CRESE | 54 deRotea A e ho
tEin-LiIn}t{ansi&h@mdltdnbélﬂuumbd}ﬁétﬁéenn&mpixuﬂcble¢fmb@atenaﬁlshgenpf
the thin-filmtr | Stor | Ss C o) " "o < hf at this .
time the overl ap%%a%pa'%ll toz}ﬁ%’eé% %ééex{pé%? ?]h%m\‘/%l‘f%%é g%q\]:h%
above- menti oned girysitadl eatrexicalio{nat rshoewm) thetween . them; t 23 sdendtes
vol tage of, the a -ayg?i | e SEREES t ;

v(e)ﬁO l%"@!t\%e a olv%]qn%rﬁe(ﬁeﬁiéél S d at&'€ha' RO afkin

nor mal ue when
of the transistor 21; 'and 24 denotes the overlap
W capacitance between the gate and the source.

First, the influence of the overlap capacitance 23
will be explained. A signal voltage corresponding to
15 - the pixel signal is charged on the pixel capacitance 22
while the thin-film transistor 21 is ON. When a
.predetermined ON-period has elapsed, the thin-film
' transistor 21 is turned OFF. In other words, the gate
voltage of the thin-film transistor 21 is changed from
20 "1" to "O"., If at this time the overlap capacitance 23
did not exist, the voltage of the above-mentioned pixel
electrode would remain the same. As it is, the voltage
- of the above-mentioned pixel electrode becomes lower
than the normal value when the above-mentioned gate is
25 . turned off by the coupling effect. This leads to
deterioration in the black or white level of the image
display, i.e. degradatioh of the contrast ratio, thus
affecting the image display quality. .
Next, the influence of the overlap dapacitance 24
30. will be explained. It is necessary for the pixel data
- to charge the above-mentioned pixel electrodes through
the signal lines 10 while the aﬁove-mentioned'gates are
ON. Whgn seen from the signal sdurce, however, the
overlap capacitance 24 relating to the thin-film



25 turned off by the coupling effect. This |eads to deterioration in
the black or white |l evel of the imge display,” i.e. degradation of the
contrast ratio, thus affecting the inage display quality. Next, the-;
influence of the overlap capacitance 24 30 will be expl ained. ¥ s
necessary for the pixel data to charge the above-nenti oned pi xel el ectrodes
t hrough the signal |lines 10 while the above-nentioned gates are ON. \Wen
seen fromthe signal source, however, thé overlap capacitance 24 relating
to the thin-film 6 transistors 21 connected to one signal line 10 is
i ncreased, so that, when the capacitance value is large, it is difficult to
charge the abekRD$EFEPERAlpFeBREEEee: toJeRe,Fighalnd 1edd dSvi ned

}'ﬁ' t agﬁb Wﬁf&[hci‘é'aéed, lsaathaﬁyl @hent hﬁen?E%biQHnﬂd@ﬁdétiwu A d ?lnd
e nunber of, scanning.li ne I ncrease over | ap .capagci t.ange Wi

i ncrease and %ﬁelihﬁbgf?ﬁﬂfgf%Ph889539egngnﬁﬁngﬂﬂﬁﬁii?dﬁaIP ease,

t her eby aggr eebéctpodiés apotre- thecpireddtertdnedalviod taggedi t iWhen,Thirs, when
10 the said. . e n fore _the .sai ' | r,Qdes ar-e
sufficPently lg?ﬁg?%g‘g,lgl{_‘!'e?ﬁéeﬁgggghgﬁvgﬁae&% va G5 g(yéﬁ@f%fs?g}(éd "%} xel

el ectrodes hasumberhef stanningaflinesud, ingreaised, dhenaverlap/el of the

. qdes hasamt . hoe
i mage di spl aygd aéﬂsa?ﬁlrjgaeggéu $nctrBRse0Rhd@ e S& ;:érﬁiﬁtoyf %gé?ra e

as in the above case, artecting the 1 nmage

descri bed abckRoveneeptianed gategapidili SeCTepdue REfTagating

capaci tances ¢fe 2fovéb@e8teibed undeBdradler iconditddmf THifs, A di spl ay

e 20, e o, bnkae: 358, Sl Bbe letiire urld Sl 5stHd T o O
electrodes are sufficiently charged, i.e. before the R
voltage value df5the said pixel electrodes has reached At
the normal value, the black or white level of the image
display is deteriorated, i.e. the contrast ratio is

15 ~ degraded, as in the above case, thus affecting the image

display quality. _ '

. . As described above,'the'greater'the'capaCitance'
value of the overlap capacitances 23, 24, the greater is
the deterioration of the image display quality.

20 | It is accordingly an object of the present
- invention t0fprovidé a method of manufacturing an
amorphous-silicon thinéfilm_transistor which makes it
possible to decrease the ovérlap capacitance betﬁeen'the _
‘gate and the drain and that between the gate and the (W

25 source and to obtain a high-gquality image with a high
* . contrast ratio. S : '
An embodiment of the present invention will now be
described with reference to Figure 1. -
First a gate electrode 2 of a metal such as Cr is
30 . formed on an insulating substrate 1 made of glass or the

- like. Then, a”gate'insulating layer 3 of silicon _
nitride or silicon oxide is formed'on the gate electrode
2 and on the insulating substrate 1. Thereafter, an
amorphous-silicon layer 4, and a protective insulating



anor phous-silicon thin-filmtransi stor which makes it possible to decrease
the overl ap capaci tance between 'the gate and the drain and that between the
gate and the 25 source and to obtain a high-quality imge with a high
contrast Matio. An enbodi ment of the present invention wll now be
described with reference to Figure 1. First a gate electrode 2 of a netal
such as C is 30 formed on an insulating substrate 1 nade of glass or
the like. Then, a gate insulating |ayer 3 bf silicon nitride or silicon
oxide is forned on the gate el ectrode 2 and on the insulating substrate 1.

Thereafter, 11 £25 | aver an tective insulatin 7
| ayer 5 of SI|I?%ﬁﬁﬁP?$‘H€ M ¢ +F€&ﬁ%e €.€1gﬁ§%%s%¥§§?y 2¥Br med gne on
top of the ot hemdgqeﬁmﬂqar@medrmglmnmm(themthervhppufor

deposi tion) met had, Wégh 55%@

phot o-r esi st (not S 'S eé%ﬁled e prg%%¥tY€%88nsu%§ ?%XP nger 5,
and, after pre- R8& :t%ﬁaﬂkﬁmns%¥f6§ -ofsﬁhEQQ%%%thtng B@%Stiﬁ?etlpﬁs

i rradiat eg vvithpﬂdﬂ@-wé&ﬁtr@dét §h6\61‘i~‘ tie Yfe&%'@ﬂédpﬁbﬁéé!i{?éet

Lo sald phot o Aadetat i T&7en $na %ﬁé?%f#%s BRETadkingn thn bagk o O
plr gtc ??I) lj \e/e2| néltjlsiirfm:é ayﬁretwe igﬁbgﬂimﬂwagsmat?ni oisi ﬂiﬁr&ﬂlﬁﬁédggiﬁh
Csing o burier AT BAA°S LS ifcg (Phe hbVorR¥Etoned BRRFRT]Sler
remai ni ng servi rxga)es are nmrsktramsmt'eedn throwgh thefgateaeleatrodeoZsi ng

toth t | t _ i ) I
5? as shown ieneﬁi Gur &1 fkgf]'ﬁi?éfééﬁd Pnots-PERISE! F¥SuI BSULAL LRE | aver

photo-resist remaining on the protective insulating
(Y - . layer 5 in a configuration conforming to the gate
electrode 2. Etching of the protective insulating layer
5 is conducted using a buffer hydrofluoric acid
.15 solution, the photo-resist thus remaining serving as the
mask. This results in a configuration conforming to the
. gate electrode 2 being imparted to the protective.
. insulating layer 5, as shown in Figure 1(b), while
exposing the corresponding portion of the amorphous-
20 silicon layer 4. Since the amorphous-silicon layer 4
absorbs_the said ultraviolet rays applied to the back
.surface of the insulating substrate 1, the irradiation
ratio of the said ultraviolet rays to the said photo-
resist is decreased. When, however, the film thickness
25.. of the amorphous-silicon layer 4 is 30 nanometers or so,
several to several tens of percent of the said
ultraviolet rays are transmitted, so that an excessive
deterioration in the irradiation efficiency of the said
ultraviolet rays applied to the above photoresist does
130 . not occur. On the contrary, it is advantageous in many
. ways. For example, it is not rtecessary to use a mask
“aligner or the like since the patterning is effected in
a suitable manner. Further, a number of substrates can
be exposed simultaneously.



exposi ng the correspondi ng portion of the anorphous- 20 silicon | ayer 4.
Si nce the anorphous-silicon |ayer 4 absorbs the said ultraviolet rays
applied to the back surface of the insulating substrate 1, the irradjation
ratio of the said ultraviolet rays to the said photo- resist is deckeased.
‘When, however, the filmthickness 25.. of the anorphous-silicon l.ayer 4 is
30 nanoneters or so, several to several tens of percent of the said
ultraviolet rays are transmitted, so th# an excessive deterioration in the
irradi ation efficiency of the said ultraviol et rays applied to the above

phot oresi st does 30Q. . not_occur. On the confrar | s adyvant ageous in
many ways. For exéﬁﬁﬁ§ ﬁQFW¥¥9uﬂh?uRﬁgﬁﬁﬁsﬁY% ﬁé%ﬂ%?ﬁ%%ﬁ 32Y8Re?P 3R the

l'i ke since thepa&h:te&mdwzﬁo&-nﬁfﬁgeawcthat of thébyeraeelectrodet Perana
nunber of suBstrates can b oseqﬁgtnult eousl '

Al ‘and Afte io m.n he
orotective | ABBIAAEASS SoRtal 16, TEre S & omd & pekRLoloYRE Bare
el ectrode 2, aze smpmestsm]qorﬁmed]g)mIomotnpaqﬁrtlﬁeao’dhe‘rnetkl | ayer 8

gg?rzgcgﬁ3?h§3k¥e%ﬁé sourcg elec éﬁaeﬂui%§l.d?é€%§%$r°? a%ﬁ&mﬁlch partly

overl ap the pradacelestneds étlhlﬁﬁ“ IRARL1Y overlaprthe protectiveal | ayer 8,

and the i rmuahbhq%t%@t Aiaydid s5iid Cﬁﬁb&ﬁaféﬁ to %tMtéﬂolﬂféﬁsas' &h§on
| ayer 4 are selecgtivelly rénoved usin atterned_netal [ayer 8 as

a mask, ther &8¢ ABPRTIFieS |QHQ§ﬂP¥ﬂ$§uﬂ¥&¥F°%sl 6 a#nd theg hsequent 1y,
a transparenhmaﬁrp&lous-\sillmm Tayer foramel selectiveDy témovedauskayger 8,

fhe sotdce: oFb; PhSSSFRCH ma k. MRy d | 4 # ARKEHHOFLRY, EOPRERTY [°
el ectrode asashdslamd (@bructure, as shown at (c). Subsequently, a -
transparent conductivé layer 7 is formed directly on the __"J
metal layer 8, and is selectively removed, thereby
forming a source-wiring connected to the source electrode
15'. and a pixel electrode connected to the drain electrode
' as shown at (4d).
The manufacturing method 111ustrated in Figure 1
makes it possible to manufacture an amorphous-silicon
transistor which has an overlapping width L (as opposed
20 to the 2L of Figure 3) between the gate and the drain
and between the gate and the source:
As described above, the overlapping area between
the gate and the drain ‘and that between the gate and the
source in these embodiments has the minimum w1dth L. '\“;
In addition, the protect;ve insulating layer 5 extends
-over the entire overlapping areas, in contrast to the
arrangement shown in Figure 3, so that it is possible to
reduce the overlap-capacitance by half as compared with
the prior: art.
30 . Further, by arranging that the thicknesses of the
- gate insulating layer 3, the amorphous-5111con layer 4,
and the protective insulating layer 5 are substantially
300 nanometers, 50 nanometers, and 300 nanometers
respectively,.fdr example, the overlap dapacitance can
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The manufacturing method illustrated in Figure 1 nakes it possible to
manuf act ure an anor phous-silicon transistor which has an overl appi ng w dth
L (as opposed 20 to the 2L of Figure 3) between the gate and the drain
and bet we the gate and the source. As described above, the overl appi ng
area between the gate and the drain and that between the gate and the
source in these enbodi nents has the m nimumgwi dth L. 25 In addition, the
protective insulating l-ayer 5 extends over the entire overl apping areas, in
contrast to the arrangenent shown in Figure 3, so that it is possible to
reduce the overlhe redgucédabhocobe hhirdaefcthpérén Whehprherparmr art. 30
Furt her, by arranging h S at ayer 3,
t he anDrphous silicon #ga%pé4§mbgg§§§ﬁi §gtgégh€§ ?hsg ?QB%FEQgFES are
substantial ly 30mmhahm9r tayeo ﬁamgnﬁpmgd andssveb nanenme@r at it
respectively, fotg &f@fméetotEﬁe0§sehaelee%sabaac@ocmat taebeua%ﬁue%d to

one third of that 1n the_ prior a nbodi ment ?Hgfre
protective |nsul%@?r@W?é}EPPSnGSaFSFﬁeB brtygen iheagaie

to the gate el ecin@dpetwéént ERe gaee\/\aﬂahtné Bourcet kanoyer bﬁﬁnllléﬁ' &haas L
between the gate.and the dr ai nr? getmeen the gate %nd thggﬁo%r e.can be

smaller than in %ﬂe 7iBF13F: 2 9ePV§513§p§ PREAEETER: &1ng
reduced by hal f peduaved. bfbhaéﬁuentmpretheCnnsbqnen&Rgs mhepms$hbﬂemakes

manufacture an afpf%aggm%' ﬁomaﬁgfactmnahs%:@s RaR3136o whi ch a

hi gh- quallty i mage contrast rati o can al ne Further t he
met hod i | 118st ratbﬁa$$|1$FQHrEYlm§§§§ aét vhieh al highcanaliityy inages Wikked

patterning the hjigh contrast ratio can be obtained.
U _ Further, the method 1llustrated in Flgure 1 does
not need allgnment using a mask when patterning the
o protective insulating layer 5, so that inadequacies due
15 to alignment are decreased, which results in a
substantial improvement in the yield.



protective insulating |ayer 5, so that inadequacies due 15 to alignnent
are decreased, which results in a substantial i nprovenent in the yield.

10 CLAI M5 1. A nmet hod of manufacturing an anor phous- silicafi;
thin-filmtransistor conprising formng a gate el ectrode on.an insufating
substrate; formng-a gate insulating |layer on the gate el ectrode and on the
5 I nsul ating substrate; form ng an-apor phous-silicon |ayer on_.the gate
insulating |ayer; formng a protective |H%ulat|ng | ayer on the. . .

anor phous-silicon layer; inparting a pattern, correlﬂﬂmnuumlﬁ““ml(of the
gate electrode, to the protective insulating |ayer pose a
correspondi ng portion of the anorphous-silicon |ayer® forh1n oh

protective insulating |ayer, and on the said corresponding portlon of t he
anor phous- silicon layer, an inpuréﬁifﬁ containing silicon |ayer containing
I mpurities serving as a donor or as—aﬂ—i acceptor; and form ng a source
el ectrode and a drain el ectrode which partly overlap the protective
insulating layer, the inpurities-containing silicon layer and the

anor phous-silicon [ ayer bein selectlvel renoved using the source and the
‘drain electrdde as a nas&:m%£h° d of manu actuping: ABJaRSrPharEEd in claim 1

i n which the 53iGdiREEIA-£ $1m n@ﬁaﬁgﬂstertesmﬁfszésﬁgl férinﬂﬁg at gaﬂgl a%/er by
Y i rradiati ng

| h t her et t t
The Lurface SUSHRFOdR s olatBLet E0s "SpbRErRES: 0ZpRRIRY, BYAREE wi i h (he

25 gat e eliemuladcirep ayen ompthé gateseldcprmbber antioonheéhghot o-resi st

- and egpl oyi ng ‘%Qﬁ“ n\ﬂ% Oélﬁ?sPPQEQ, " StmingSaft Hﬁé&%hbgsﬁ‘il&bﬁg 1698r

protecCtive insu
on the gate 1nsu1at1ng layer, formlng a protective

1nsulating layer on the amorphous-5111con layer, ' A
‘'imparting a pattern, corresponding to that of the gate
B electrode, to the protectlve_lnsulatlng 1ayer so as to
10 expose a corresponding portidn of the'amorﬁhous-silicon
‘layer; forming on the protective 1nsulat1ng layer, and
on the said correspondlng portion of the amorphous-
silicon :layer, an impurities-containing silicon layer
containing impurities serving as a donor or as an
15 acceptor; and forming a source electrode and a drain
electrode which partly overlap the protective insulating
layer, the impurities-containing silicon layer and the
. amorphous-silicon layer being selectively removed using |

the source and the drain electrode as a mask. W/

20 2. : A method as claimed in claim 1:in-which the
.said pattern is imparted to the protective insulating
layer by applying photo-resist thereto; developing the
photo-resist by irradiating the surface of the
insulating substrate opposite to that provided with the
25 gate electrode so as to impart_the said-pattern to the
. photo-resist; and employing the developed photo-resist
as a mask while etching the protécﬁive insulating layer.

=



3. A nethod as clainmed in claim1 or 2 in which a netal layer is
fornmed directly on the inpuritiés- containing silicon_layer; a pattern
corresponding to the source el ectrode and the drain-grEE¥F63é‘ﬁsfFﬁpaLLed
fo the neYal | ayer; the inpurities-containing siIiconI"WIﬂ '
anor phous-silicon | ayer are selectively renoved using WMM”WILW al
| ayer as a mask; a transparent conductive layer is forfred® diyeot ! the

netal |ayer; and the transparent conductive Tayer i.s selectively 10
renoved to formsource wiring connected to the source el ectrode and a pi xel

el ectrode connegted to the gdraivhdéd o6 '@ mdd in cl%im'ol @}hﬂdiﬁswﬁiéﬁ@d
' ft ' '

in any preceding claimin which the thicknesses o e gate insulating
layer, the 15 metadpld@¥QKk-1§ Ifaed Aireqhty 1R Bhet HBRRLEtiesT| ati ng

| ayer are subst aenitalininiP & iaaiet BiYer Sa NFNOESE S SoPPEsPERA TG OLEt ERE
respectively. 5. A nmethod o nq;aciuri an_anor phpus- _siLicon
thin-filmtrans F%Feslﬁ}ﬁ%ﬁqé]ﬁ I%}“%st ra“he‘?g‘%ﬁ%?‘g elgeyﬂ??‘ﬁé wF®h
reference to Fi givee nktadl tlayerrycdipanympur it kes-reontéining silidon layer
oSt v B e PSSP S Vo ReRLFL R
25 drawi ngsusing the patterned metal layer as a mask; a transparent
' conductive layer is formed directly on the metal layer;
and the transparent conductive layer is selectively
10 removed to form source wiring connected to the source
_ electrode and a pixel electrode connected to the drain
K/ " electrode. :
4. A method as claimed in any preceding claim in
which the thicknesses of the gate insulating layer, the
15 amorphous—silicon layer and the protective insulating
layer are substantially 300 nanometers, 50 nanometers and
. 300 nanometers respectively.
5. A method of manufacturing an amorphous-
silicon thin-film transistor substantially as
20 hereinbefore described with reference to Figure 1 of the
accompanying drawings.
6. An amorphous-silicon thin film transistor
sﬁbstantially as hereinbefore described with reference
to and as shown in Figure 1(d) of the aécompanying
25 .. - drawings. '




