J 1 METHOD OF MANUFACTURI NG AN AMORPHOUS- SI LI CON'THI N FI LM TRANS T AR AM)
I nvention concerns a nethod of manufacturing an anorphous-silicon thin fil'm
transi stor and a transistor. made by such a nethod... A¢cording to the preséent
invention, there is 5 provided a nethod of manufacturing an ’
anor phous-silicon thin filmtransistor .conprising formng a gate el ectrode
-on an insulating substrate; formng a gate insulating |ayer on the gate

el ectrode; form ng an anor phous- silicon |ayer on the gate insul ating

| ayer; formng a 10 protective-insulating |layer on the anorphous-silicon

| ayer; exposing the anorphous-silicon |ayer, while ensuring that after such
exposure it overlaps at |least part of the gate electrode, by selectively
renoving the protective insulating layer; formng on the protective 15

i nsulating | ayer and on the so-exposed anorphous silicon |ayer an

I mpurities-containing silicon |ayer which ( contains inpurities
serving as a donor or an acceptor; form ng a mask, having a configuration

correspondi ng t PGB!’ OF KARBFACIERENG andmbhpﬁb%%UsiiqT;d_g tﬂﬁnzoai 4 mask

transi stor, oM tiE TN Ur T tTESSCRtar Ty ST T COTT |
I'n the course ;nEéEEhEJS&EEE&ﬂHEEng step of the anorphous silicon |ayer and
the inpurities- containing silicon |ayer in which there is simnultaneous

formation both of tHe; & Xix%éz%igﬁr EBHSEX»::%“ al Ql%th%%n%its tm(e)arnufactt:u::'.ng
an amorphous-silicon thin film transistor and a
transistor made by such a method.
According to the present invention, there is
W 5 provided a method of manufacturing an amorphous-silicon
thin film transistor comprising forming a gate electrode
on an insulating substrate; forming a gate insulating
layer on the gate electrode; forming an amorphous-
silicon layer on the gate insulating layer; forming a
10 protective insulating layer on the amorphous-silicon
layer; exposing the amorphous-silicon layer, while
ensuring that after such exposure it overlaps at least
part of the gate electrode, by selectively removing the
protective insulating layer; forming on the protective
13 insulating layer and on the so-exposed amorphous silicon
' layer an impurities-containing silicon layer which (
contains impurities serving as a donor or an acceptor; ’
forming a mask, having a configuration corresponding to
~ . a source electrode and a drain electrode of the
20 transistor, on the impurities-containing silicon layer;
and using said mask in the course of a single etching
step of the amorphous silicon layer and the impurities-
containing silicon layer in which there is simultaneous
. formation both of the exterior periphery of the transistor
25. and of the final shape of the impurities-containing silicon
layer so that both the said exterior periphery and the
configuration and separation of the said source and
drain electrodes are determined thereby.




25. and of the f.inal shape of the  inpurities-containing silicon |ayer so
that both the said exterior periphery and the configuration and separation
of the said source and drain el ectrodes are determn ned, thereby. 2 ’
PrefeSHbly the mask is constituted by a netal |ayer. Preferably, after the
sai d use of the nmask, the mask is renoved so as to expose the source

el ectrode and 5 the drain el ectrode. A conductive |ayer may be
formed so as to contact the inpurities-containing silicon |layer and the
anor phous- silicon |layer. The conductive |ayer may be fornmed after renova
of 10 ‘the mask. The conductive |ayer may.be fornmed of indiumtin

oxi de. The said sinultaneous formati on may be effected by enpl oyi ng an
organi ¢ al kali type sol utErgfiexableffhecmagkaisiganstttuted by pepapadl of the
anor phous-silicon layer and of the.inpurities- containing silicon |ayer.
The invention al so cdBtTses an anmor phous-silicon thin filmtransistor

whi ch has been produced he et hqd set forth above. 20 The
invention is illustrated %%ﬁﬁ?ggy %%ﬁ?r ecsaifppge of the mask, the ?aSk

is removed so as to expose the source electrode and
5 the drain electrode.
A conductive layer may be formed so as to contact

the impurities-contéining silicon layer and the ambrphous--

L _ silicon la&er.
\~/ , The conductive layer may be formed after removal of

10 ~ the mask.

?He conductive layer may be formed of indium tin'
o#ide. | | |

Tﬁe éaid.siﬁultaneous formation méy be effected by
employing an organic alkali type solution to effect ﬁartial

15 removal of the amofphbus-silicoﬁ layer and of éhe impﬁfities-
cohtaining silicon layer.

The invention also comprises an amorphous-silicon thin
film trahsisté: which has been produced by the meﬁhod set
 fbrth:aBove.

. 20 | The inﬁention is illqstratéd merely by way of example,
in'the'accompanying drawings, in which:- |

Figures l(a).to 1(&) constitute sectional vieﬁs .
of a product at sucéessive stages of a method according to
the present,invéntion of ﬁanufacturing an_amorpﬁogs-silicon

25 .- thin film transistbr;



in the acconpanyi ng draw ngs, in which:- Figures 1(a)-to 1(d) constitute
sectional views of a product at successive stages of a nethod according to
t he- present i nvéntion of manuf act uri-ng an anor phous-silicon 25 thi n
filmtransistor, Figure 2 is a sectional view of another product whi*¢h
may be made by the met hod according to he present invention, Figures 3(a)
to 3(e) are views simlar to those 5 _ of Figures 1(a) to 1(d) but
il lustrating anot her .embodi nent of the present invention; Figure 4 is an-
el ectrical circuit diagramshowing the construction of an active matrix
type.liquid crystal display; and 10. ' Figures 5(a)-5(d)

constitute sectional vi evs.ﬁgg;eaz Q_I’SOQ%L f&naﬁ%ﬁ%ﬁﬁ# a{gﬁﬂ&gﬁ&ﬁ 2 known

met hod of nanufacturlng nor phous- SI Icon t mitransistor. Aliquid

crystal matrix. displ ik :&93}03\@ nafe §Y €He %t%@a&!@@di&?'{b fehé rBrEE@rﬂ:S' stor
usi ng anor phous-silicon 15 I's provided for each pixel as the

switching el enent. SugRege®nspl ay i s known as an active matrix type liquid
crystal display and is used as a thin type imge display. Figure 4 shows an
exanpl e of the constructipigueés t3(e) adwgeeazerviees simiiae tobilidse type

I'i quid crystal display. 20 : - When, for exanple, a scanning line
[err] is selected frafnFigures 1(a) to 1(d) but illustrating another embodiment |
of the present invention; -
Eigure 4 is an electrical cireuit diagram showing the
.constructiontof an active matrix type liquid crystal |
display, and l - o - ' - ..'\-)
10. Figures 5(a)-5(d) constitute sectional views of
a'product at suocessive stages.of a known method of
manufacturing an.amorphous-silicon thin film'transistor.
.-A liquid etystal matrix display is known in_mhich an
MIS-type thin-film transistor'using amorphousfsilicon
15 o is provide& for each pixel as the switching element.
=”Such a display is known as an active matrix ‘type liquid

crystal display and is used as a thin type image display. '
Figure 4 shows an example of the comstruction of the :'EL::
.above-described active matrix type 1iquid.crysta1 display.
20 . V.When. for example, a scanning line Y1 is selected from
_ among a group of_seanning lines 9, the gates of thin-film
transistors 11 connected thereto are simultaneously turned
.on, and_through.the sources of the thin-film transistors -

ll'which_have been thus turned ong a signal woltage

25 . corresponding to image information is' transmitted



anong a group of scanning lines 9, the gates of thin-filmtransistors 11
connected thereto are simultaneously turned on, and through the sources of.
the thin-filmtransistors 11 which have béen thus turned on; a signal -

vol t age 25 : corresponding-to image information is transmtted 4
fromeach.signal line of a group of signak lines 10 to the drain of each
thin filmtransistor 11. Connected to each drain is a pixel electrode (not
shown), inages being displayed by varying the light transmttance of 5

a liiquid crystal layer 12 through the voltage difference between the pixel
el ectrode and an opposed el ectrode 13 forned on a substrate on the opposite
side with respect to the liquid crystal layer 12. After the above-nentioned
gate is turned off, thefrosl ezahesibnafickimecef BOgroup of signpbtlimes 10hto '
above-nenti oned pi xel el ectrode and the opposed -el ectrode 13 is retained . -
until the scanning |inethe fzaimepfeach thip fia rrapsistqrell s@onpatedhe |i quid
crystal corresponding to each pixel is static-driven, thus achieving a '
hi gh- cont rast image di s§fl &9ch fgain is a pixel electpodsninot sbava) Oj@REER! ent
Speci fication No. 58-212177 discl oses a net hod of nuf acturing thpn-film
‘transistors 11 in whi chbe&nga‘{ié"l’iﬁéﬁgl by i"ﬁﬁyi%é’f‘? ]&ggﬁﬁﬁfbﬁ%ﬁa q Fton

| 2yer a0 agprotect ] vey LSl AR G RHSGROBA Sl BBV @
' ' between the pixel electrode and an opposed electrode
13 formed on a substrate on the qpposite'side with
s . respect to thé liquid crystal layer 12. After the
| abovgimentioned gate is turned off; the voltage'difference _
10 : between the above-mentioned pixel electrode and the opfosed
electrode 13 is retaingd ﬁntil the‘scanning line Yi
is selected for the next time, so that the 11quid_crys£él
~ corresponding to ééch pikel is static-d;ivén, thus
achieving a high-contrast image display.
15 - Japaﬁese Laid-Open Patent Speqification_Nb. 58-212177
discloses a_method of manufacturing thin-film transistors
11 in which a gafe insulating layer, an amorphous-silicon
i_/ _ léyef, and a pro;ective insulating layer are successively
_ formed in such a way aé to ensure the.reliability and
20, :eprqducibility of the manufacturing process.
Figure 5 illustrates-the above-mentioned knoﬁn
manufactﬁring'proqess. |
First a gate electrode 15 is formed on an ihsuléting
substrate 14 of glass or the like. Then,a gaﬁé insulating

25 : layer 16, an-amorphous-silicon layef 17, and a protective



20 reproduci bility of the manufacturing process. Figure 5
illustrates.the above-nentioned known nmanufacturing process. First a gate
el éctrode 15 is forred-on an insul'ating substrate 14 of glass or the Iike.
Then, a gate insulating 25 | ayer 16, an anorphous-silicon | ay‘e‘F

17, and a protective 5 insulating | ayer 18 are successively formed one .
“on top of the other as shown at- (a). Subsequently, openings are nade in the
protective insulating |layer 18 so that the latter only partly overlaps the
gate el ectrode 15, thus exposing the anorphous-silicon layer 17, as shown
at (b). Then, a silicon layer 19 which contains inpurities serving as a
donor or an acceptor is forned. The silicon layer 19, the protective
insulating |ayer 18, and the 10 - - anor phous-silicon |ayer 17 are '
sel ectively renoved, inRelatipsfi@ayarnid are isyceerpiveludoomed des iometon @fpart by
sai d openings, as shown at (c). Subsequently, a transparent conductive -
l'ayer 20 is formed ofbe eHersas hed akd(&tructure, and is selectively 15
renoved in such a'way as to forma source, .a drain electrode pattern,

source wiring pattern, artfPEePHeRELYe0BRRINEGea Al 1R Ylife PERYSCEHTE | aye?1 19
s then removed using Lhe nattern ofs Lok 0RPILEN, SONSHLeol gL, 20 20
a S :
5 | | the gate éiec;rodé_ls, thus éxposing the'amorphous-silicon
_iaer-l?,.as showﬁ af (b).
| Thén, ansiiiconllajer'L9.wh#ch.contains impuritiés. ('1
‘serving as a donor or an gcceptér is formed. The silicon N -
layer 19, fhe ptpteqfivehi;éulgg;ng'1ayer.18,.and the.
10 ' amorphous;silicon.layefz17 are.sélectivély removed, gﬁereby

forming an island étrucfufe defined 1ﬁ part by said'openings,

as shown at (c).

Subsequentiy, a traﬁsﬁareng conductivé'laye: 20 is
formed dvef :he-said iSlahd.sfrucfﬁré; and is seleétively_
5 - - removed in such a wéyfaé'to_form-é source, a drain electrode
_ ﬁa;terq, a soﬁrée wiring pattern, and a pixel electrode
pattern. The silicon layef'lé is theﬁ removed using _- Q“}
~ the pattern of the transp#feﬁt.Epnductive.layer 20 as a
mask, as éhown at (d).
20 ~ In the method illustrated in Figure 5, the silicon
_ layer 19 undergoes etching tw{ce, i.e. in the process
stéps (c)_and (d), which ié nbE desirable'iﬁ tgrﬁs of

.producéibn.time and cost.



‘mask, as shown at (d). 20 : In the nmethod illustrated in
Figure 5, the silicon layer 19 under goes etching twice, k.e. in t he process
steps~c) and (d), which is not desirable’ in terms of production tinme and
‘cost.\.r -6- The present invention therefore ains to provide a nethod of
manuf.act uri ng amor phous-silicon thin-filmtransistors in which the nunber
of process steps is reduced, the production throughput is increased, and a
stabilization of the properties of the products is achieved. A first

enbodi ment of this invention wi'll now be described with reference to Fi gure
1. First, a gate el ectrode 2, nade of a nmetal such as 10 Cr, is
forned on an insul ating substrare T of glass or the |like. Then, a gate
insulating layer 3 of silicon nitride or silicon oxide, an

anor phous-silicon layer 4, and a protective insulating layer 5 of silicon
nitride or- silicon 15 oxi de are successively fornmed by, for
exanpl e, the plasma CVD (chem cal vapour deposition) nethod, as shown at

(a). Next, selectlve etching of the protective |nsulat|ng
The present invention therefore aims provide a

method of manufacturing amorphous-silicon thin-film
" transistors in whicn the number of process steps is
reduced, the production throughﬁut is increased, and a
5 ' stabilization of the propert;es of the products is achieved.
\ . - A first emboniment'sf this invention will now be
| described with referenee to.Figure 1. |
First, a gate electrode 2, made of a metal such as
10 . Ct, is formed on an insulating substrate 1 of glass or the
like. Then, a gate 1nsulating layer 3 of silicon nitride.
or silicon oxide, an amorphous-silicon layer 4, and a
protective insulating layer 5'of silicon'nitride or silicon
15 ' oxi&e are successively formed by, for example; the plasma
CVD (chemical vapour deposition) method, as shown at
Loy - (a). | |

Next, selective etching of the protective insulating



7 layer 5 is conducted using a buf fering hydrofluoric acid solution, thus
exposi ng the anorphqus-sili-con |ayer 4 in such a manner that it overlaps
the gafe el ectrode 2 at | east partly, as shown at (b). 5 Then
an inpurities-containing silicon |layer. 6 containing an appropriate anﬁﬁﬁt
of phosphoros as inpurities and a netal 7l ayer or mask 7 made of Ti or the
| i ke are successively formed on top of one another, the inpurities-
containing silicon layer 6 containing inpurities which 10 - serve.as
a donor or an acceptor and being di sposed on the protective insulating

of Vthe retal layer %%e‘#ig%%cc’?g&%%ﬁﬁgﬁaa SRRt et o
o) Setr oo s or cpafistany RS BbPa LSRRG LAASh sayer ¢ 1B 00 2

7 Then by using th uaﬁakmzm@&cma@gwfovagﬁtpise ¥ ghtpsagoniakny g, o1 L1 con

|l ayer 6 to its fina ape and etching o phous-silicon |layer 4 is

performed using an ggaan grtqg,kagg sk Of)such as PAW 20
(pyrocat echol diam ne water), thereby S|nultaneously formng an island

structure on which theraew) Ga SiRetiadecandihivg ¢18idnciHel 90dndsthihg! Ned,
as shown at (c), and thus form ng the exterior periphery of the transistor.

Subsequently; a trasspppesiriacs dimotnt Sf! ﬂwsph&m‘n‘ 49 Qmpbrities and (i ndi um
tin oxide) or the like is formed. Wien ITOis used = .

a metal layer or mask 7 made of Ti or the like are

_ successively'formed on top of one" another, the impurities;":“;"
containiné'sildccn layer u_conteining impurities which : x_)

dlo - serve as a_doncr'orjan:acceptcr and being disposed on the .
protective_insulating-lsyer S.IIWhen_Tiuis used for the
metal layer or'mask.7, selective etching of the metal.
layer or mask 7 is conducted using an aqueous solution
of hydrofluoric nitric acid. A pattern:corresponding to
15 -a source electrcde and a drain e}ectrode is then imparted'

. to the metal layer or mask'7 fhen by using the mask 7,etching

'_of the impurities-containing silicon layer 6 to its final
shape and etching of the amorphous-silicon layer 4 is d k
performed using an organic. alkali solution such as PAW

.20 -ds "(pyrocatechol diamine water), thereby simultaneously forming

an island structure on which'the source electrode and the
drain electrode are formed, ss shown at'(c),.and thus

- forming the exterior periphery ofdthe transistor. |

.dsubsequently; a transparent conductive layer 8 of ITO

25 (indium tin oxide) or the like is formed. When ITO is used



=8- for the transparent conductlve Iayer 8, selecti ve etching of the
transparent conductive |layer 8 is conducted using a ferric chloride t ype
solutien, thereby form ng a source wiring-connected to thé source 5 '
electﬁnﬁe and a pixel electrode connected to the drain electrode, this step
bei ng shown at (d). In the manufacturing nethod illustrated in Figure 1,

the etching of the inpurities-containing silicon layer 6 is effected in the
coursg of a single process 10 . step (c)  which leads to a reduction in the
nunber of process steps, an increase in the production throughput, and a
stabilization of the properties of the product. when formng the is |and
structure on which the source electrode and the drain electrode are forned,
15 phot o-resi st may be adopted instead of the netal |ayer 7. A pattern
corresponding to the source and the drain wll then be inparted to the
photo-resist, etching of the inpurities-containing silicon |layer 6 and of

t he anorphous-silicon layer 4 being carried out by using the 20 pattern
as the mask. |In that case, howeveL, ga-dry etching nethod using a CF type
gas nust be adopted, 4 since an organic alkali .type solution would attack

t he -phot o-resi st when used for etching of the inpurities- containing
sili'con layer 6 and the anorphous-silicon 25 | ayer 4.

for the transparent conductive layer 8, selectlve
etching of the transparent conductive layer 8 is
conducted using a ferric chloride type solution,
" thereby forming a source wiring connected to the source:
5 electrode and a pixel electrode connected to the drain
electrode, this step being shown at (d).
In the manufacturing method illustrated in Figure
1, the etching of the impurities-containing silicon
layer 6 is effected in the course of a single process
10 step (c) which leads to a reduction in the number of'
process steps, an increase in the production throughput,
and a stabilization of the properties of the product.
~ _When forming the island structure on which the
source electrode and the drain electrode are formed,
15 photo-resist may be adopted instead of the metal'layer_
7. A pattern corresponding to the source and the drain
A will then be imparted to the photo-resist, etching of
— the impurities-containing silicon layer 6 and of the
| o amorphous-silicon layer 4 being carried out by using the
20 pattern as the mask. - In that case, however, a dry
etching method using a CF‘ tYpeﬁgaé must be adopted,
since an organic alkali type solution would attack the
photo-resist when used for etching of the impurities—
contaihing silicon laYer 6 and the amorphous-silicon
25_ 1ayer 4. | ' :
Figure 2 shows the section of a different
amorphous-silicon thin-film transistor which can
be manufactured by the method |



Figure 2 shows the section of a different. anorphous-silicon thin-film
transi stor which can be manufactured by the method 9 of the present
invention. A further enbodinment of this, invention will now be described-
with reference to Figure 3.  This enbodinent is characterized in the | a<er
part of 5. ' the production processgs. The processes illustrated in
Figures 3(a) through 3(c) being the sane as those shown in Figures 1(a)
through 1(c), an explanation will only be given of the processes '
illustrated in Figures 3(d) .through 3(e), parts.shown in Figure 3 which
correspond to like 10 parts.in Figure 1 being given the sane }
ref erence numer al s.°fTHRe iPFBESDL AB¥entdpRai ni ng silicon |ayer -6 i s exposed by
renoving the netal |ayer 7 using an aqueous sol ution of weak fluoric nitric

acid as shown at (d). AHETERTdGERIBERLPE thEs) dnvegtien) whdl Mg¥I O, which 15
ol ut fon s | nai carlsacEfbeioylely redrggey G FiErd Source wiring connect ed to
ol oct rode. s, descr bod HBoIC AR R ATRE TR LA Anet Ml Ghiry PO Of
;23 f}]:pi sgction bf‘tth‘é’efxfbdht!&&ﬁ"‘?fé%%é. the AR AP - Sida £ aver 4
mpuri ties-contalning s ,I-C0n. . : , o
' ' Figures 3(a) through 3(c) being the same as those shown
in Figuresrlka) through 1(c), an explénatién.will only.
be given of the prdgesséé'illustrétéd in Figu;es_S(&) through _
.3(e), pérts shown in Figuré'3.whi§hfcorres§ond'to like o -'t_j
iO . parts in Figure 1 being'éivén~the same refe:enée fumerals.
The iﬁpuritiésfconféining'silicpnllayér_6 is exposed by
removing the'met#i_iayer 7 using an aqueous sdlution qf '
.ﬁeak fluoric-nitric.aéid; as shéwﬁ.at-(d).. |
The conductive layer 8 isifé?ﬁed usiné:ITO, which
15 éonductive lﬁye: 8 is seléctively_removed using a ferric
.chloride.type'Sblution as indicatgd.at.(e), théreby_fo?ming
a sourcé wiring connected to the source electfode and a ?ixel-:
electrode.conhected to fhe dréiﬁielectrode; . - : f N J
As described-above; the~c6nductive iayer 8 has only
20 f  the step s§ctipn between the-two.layefs.bf.thé aﬁorphous—
silicdn:iayer.A“anthhe impuritie;—containing éilicén
layer 6 to cover. In ﬁhe.f%zgt émbodimen:,éhown_in.
Figufe 1, the ﬁonduétive Iayef 8 ¢o§ers the step sections
connecting.thg three layers éf the ambrphqus-s{licon_layer

25 4, the impurities-containing silicon layer 6 and the metal

1
]



tayer 6 to cover. In the first enbodi rent shown in Figure 1, the conductive
| ayer 8 covers the step sections connecting the three |ayers qof the

anor phaus-silicon layer 25 4, the i-npurities -containing silicon

I ayer Mg and t he netal 10 layer 7, with each other. Consequently, the
conductive layer 8 in the Figure 3 enbodipgnt can cover the step section
-nmore effectively than that in the first enbodi nent shown in Figure 1,
resulting in a reduced possibility. of dissconnection 5 occurring. A
sinilar process to that described abaove can al so be adopted when connecti ng

other conductive 'a%agregif,h%tﬁ e ch st ic\sﬁgéﬁxse%ﬁ Pfe 'czﬁh&cqliwqayer

| mpurities-containi I con | ayer serving as e source el ectrode and

the drain electrodeg j10¢pe Figure 3 edboliiMfen®"ORHBRA Shelatepi Rr1GDAYSe the
i mpurities- containing silicon layer 6 and the anorphous silicon |ayer 4

can sinul taneously u¥d@EHR 1§t EllinNEhat \$n HeCEidsl, edbd@iRdrRdEkdWnOn Processes
can be shortened and an inprovenent in the nanufacturing yield is to be

expected. 15  FigurEur, Resultlig Qmph ®sdaged poBsdli1iny F disasmideeiomsk .
for formng an island structure on which the source el ectrode and the drain
el ectrode areg fornesccuarimi. et ching method using an organic alkali type
sol ution can be adopted for the etching of the inpurities-containing
silicon layer 6 and 20 A similime papeasshbrudhst |degoribedyahove. camprieqbent |y,
t he production '
adopted when connecting other conductive layers than the
conductive layer 8 of ITO to the impurities-containing siliéon
\/ j '_ layer 6 serving as the soutce'electrode and the drain electrode.
10 In the embodiments described above, the impurities--
containing silicon layer 6 and the amorphous silicon layer
4 can simultaneously undergo etching. As a result, the
production' processes can be shortened and an improvement
in the manufacturing yield is to be expected.
15 Further, by employing a metal layer 7 as the mask for
forming an island structure on which the source electrdde
and the drain electrode are formed, a wet etching method using
_an'organié alkali'type'solution can be adopted for the
N/ ' _ etchinguof the impurities-containing silicon layer 6 and
20 the amorphous-silicon layer 4, Consequently, the production
processes can achieve a higher throughput. Moreover, since
the surface of the impurities-containing silicon layer
6 is not directly exposed to the photo-resist, a satisfactory

contact can be achieved between.the said surface and the metal

25 of the source electrode and the drain electrode, so that



processes can achi eve a hi gher throughput. Mreover, since the surface of
the inpurities- contalnlng silicon layer 6 is not dlrectly exposed to the
‘phot o-resist, a satlsfactory contact can be achi eved between the saidy
surface and the metal 25 - of the source electrode and the drain

el ectrode, so that . stabilization of tHe-properties of the product is to
be expected. Furthernore, in the case of a product whose conductive |ayer 8
covers a step section between the two layers 4, 6 only, the step section
e oo er o0 ! Catih PEdetSh Yor MU GRobéiRdS, 1 Bd BHERA ppSSI DI |1y of

di sconnection occurrlng as ‘wel ovement I'n manuf acturing

yi el d. - 12 - R,E/Be:ﬁ} ected. A net hod of manufacturing an anorphous-
silicon thin filmtransistor conprising formng a gate el ectrode on an

insul ating substrate; fﬁir@hggmcﬁ'egait? th@sclélsatéqu bAodike Qhokb e didhlrive .
el ectr ode; fornlng an 5 - . anorphous-silicon [ayer .on the gate insulating

| ayer; form ng a Profyesets \eBve#Fs Wl Qééwgeéﬁ%ﬂrb&'%eéﬁQhénﬁioph%s ) lg con
| ayer; exposing the anorphous-silicon |ayer;: ; .
5 only, -the step section can be covered more effectively,
which leads to a reduced possibi_i’ity of disconnection

occurring as well as to an improvement in manufacturing

yielc_:l .



while ensuring that after such exposure it overlaps at |east part of the
gat.e el ectrode, by selectlvely 10 renmovi ng the-protective .i nsul ating
l.ayer;~formng on the protective insulating |ayer and on the so-exposed
anor phous silicon |ayer an |npur|t|es containing silicon |ayer which
contains inpurities serving as eptor; form ng a mask,

havi ng a configuration 15 FII mmﬂmwtmlﬂm source electrode and a
drai n el ectrode of the transi st o¥, & | Fpurities- containing silicon

| ayer; and using said mask in the course of a single etching step of the
anor phous. silicon layer and the inmpurities-containing silicon layer in

whi ch 20 there is sinultaneous formati on both of the exterior periphery
of the transistor and of the final shape of the inpurities- containing
silicon layer so that both the sai d-ex2ei or periphery and the
configuration and separation of the said source and drain el ectrodes are
determ ned t hereby. 25 : 2. A nethod as claimed inclaim1 in
which the mask is constituted by a netal layer. 13 3. A et hod
as claimed in claiml or 2 in whicheppif§r the said use of the nask, the
mask is renoved so as to expose the—seeree—el| ectrode and the drain

el ectrode. 5 4, - A nethod as clained in any preceding claimin

1. . A method of manufacturing an amorphous-
silicon thin film transistof comprising forming a gate
s electrode on an insulating substrate; forming a gate
insulating layer on the gate electrode; forming an
5  amorphous=-silicon layer on the gate‘insulating'layer;
forming a protective insulating layer on the amorphous-
silicon layer; exposing the amorphous-silicon layer,
while ensuring that after such exposure it overlaps at
least part of the gate electrode, by selectively
10 removing the protective insulating layer; forming on the
protective insulating layer and on the so-exposed
amdrphoué silicon layer an impurities-containing silicon
layer which contains impurities serving as a donor or an
acceptor; forming a mask, having a configuration - '

LA 15 corresponding to a source electrode and a drain
N electrode of the transistor, on the impurities-
- containing silicon layer; and using said mask in the

course of a single etching step of the amorphous silicon
layer and the 1mpur1t1es-conta1n1ng silicon layer in which
20 there is simultaneocus formation both of the exterior perlphery
of the transistor and of the final shape of the impurities-
. containing silicon layer so that both the said exterior
periphery and the cénfigu:ation'and separation of the
said source and drain electrodes are determined thereby.
25 2. A method as claimed in claim 1 in which the
mask is constituted by a metal layer. '



- which a conductive layer is fornmed so as to, contact the .
i mpurities-containing silicon_layer and the anorphous- silicon |ayer
A method as claimed in claim4 in which the 10 conductive layer is

~after renoval of the nask. 6.

A nethod as clainmed in claim4

i n-which the conductive Tayer 7s formed of indiumtin oxide. 7.

effect partial renoval
I mpurities-containing silicon Iayer

nmet hod as clained in an I n which the said S|nultaneo
formation is effected bilmmﬂ mﬂ Egiran organic al kali type solution to .

silicon layer and of the

amn anor phous- siltcon thin f|In1tranS|stor substantial ly as-20 her e
i nbef ore described with reference to any of. Figures 1-3 . 9. .

anmor phous-silicon thin filmtransistor which has been produced by the -
' nethod clainmed in any preceding clegén

10

15

3. | A method as claimed in claim 1 or 2 in which

rafter the said use of the mask, the mask is removed so

as to expose the source electrode and the drain
electrode. "

5.

fo

o}

us

An

4. e A'method'as claimed in'anjfpreeeding claim in:“

- which a conductive layer is formed so as to contact the

1mpur1t1es-conta1n1ng 51licon layer and the amorphous— -

silicon layer.
5. S A method as clalmed,ln clalm 4 in which the
conductive: layer—is formed after removal of the mask.

6. A method as claimed in claim 4 or.5 in which |

the conductive layer is formed ef'indium tin oxide.
7. A method as clalmed in any preceding clalm 1n

,.whlch the sald 51multaneous formation is effected by

employing an organlc alkali typefsolutlon to effect
partial removal of the amorphous-silicon layer and of

the- 1mpur1ties-conta1n1ng silicon layer.

8. A method of manufacturlng an amorphous—

' s111con ‘thin film transistor substantzally as

hereinbefore descrlbed w1th reference to any of Flgures
9. R 'An'amorphous-silicon thin'film transistor

-which has been produced by the method.clalmed in any

precedlng clalm._'

rmed ¥ .

5
A

A met hod of nanufacturlng




