2220792 SI LI CON THI N FI LM TRANSI STOR AND METHOD FOR PRODUCI-NG THE SAME 5
The present invention relates to a silicon thin filmtransistor for use in
an active matrix type liquid crystal display device.or the Iike and to a
met hod for producing the sanme. A conventi gnal S|I|con th|n transistor
Is 10 shown in Figure 26, and conprisés an |nsu4_ §L ate 21,
gate el ectrode 22, a gate insulating |layer 23, and |npur|ty doped S|I|con
| ayer. 24 containing suitable amounts of donor or acceptor inpurities, an
intrinsic silicon layer 25 providing an active |la a protective
insul ating |ayer 26, a sourBELECEN THEN ﬁ%&'%feﬂa’%l ectrode 28. Such
a silicon thin film transANDOMETHODWFORN PRODUCING MHE SAME con | ayer 25 and
the protective insul ating Tayer 26 are continuously T1ormned, has in theory

%ellent reliability, reproducibility of characteri- stics and the
I i ke d has been The présent bdhventébn caleiteds do a esidhiedn atitin

devel oprent . |y the: AigEtaps0F LOE SHOUR URAGUDSH AW SYOTRleld | con

thin filmtransistor i ve a |ng d by
‘the use of si|GE¥FEM tdisplay @evieenocxtbe letk@ iand dimvednethaedpee t he
intrinsic siligedadeies e sdfethe inpurity doped silicon | ayer 24 is then
formed on the exposed intrinsic sjlicon |ayer However, the

side of the intrinsift SPYERNLPRY séélﬁﬂf‘a@@ﬁp tfHé“brt(ﬁaé'tﬁ’rﬁfeOF nk%il at i ng
| ayer 26lthas asHawrerin (Fidurd 26} r ogrd, .conpgasesr atrhfidsd%&nﬁ ained in the

PLSL Ptive ;gyer@%&@% YEL 2 JaRe Ub1LUREDeDE, MY delte AIRLSTL My Y
layer 23, and 1mpurity doped silicon layer 24 '
containing suitable amounts of donor or acceptor
. impurities, an intrinsic silicon layer 25 providing an
15 active layer, a protective insulating layer 26, a
source electrode 27 and a drain electrode 28.

Such a silicon thin film transistor, in which the

intrinsic silicon layer 25 and the protective insulating
layer 26 are continuously formed, has in theory

20 excellent reliability, reproducibility of characteri-
stics and the like, and has been the subject of widely
carried out research and development.

. In the production of the above described
conventional silicon thin film transistor, the (¢

25 protective insulating layer 26, formed by the use of
silicon nitride or silicon oxide, etc., is removed to
expose ‘the intrinsic silicon layer 25, and the impurity
doped silicon layer 24 is then formed on the exposed
intrinsic silicon layer 25.

30 Howevér, the side of the intrinsic silicon layer
25 adjacent the protective insulating layer 26 has a
layer in which nitrogen, oxygen or the like contained
in the protective insulating layer 26 has diffused, and
when the protective insulating lafer 26 is removed,



2 this layer in which nitrogen, oxygen or the like has diffused cannot also
be conpletely renmoved. Thus, the interface between the intrinsic silicon
l'ayer 25 and the inpurity doped silicon |ayer 24 is inperfect, which

i ntroquces a deterioration in the transister characteri- stics. The
preseﬁki?nvention seeks to inprove.the interface between such an intrinsic
silicon layer and an inpurity doped silicon |layer, and to provide a silicon
thin filmtranskbier laijelr inpwhied oharageer,i sbixygenToe itheedtiken hiasrt her
seeks Lo provi dg,3egebAOlahAbtPRIGUCHAT BB ol ot RSN E, AGhUE ngylo One
particul ar aspect of the present I-nvention Rere?i s provided a Si'l i con thin
film transistor 1RE@rfgcanbrEYerat thg dobsdnste siddceat davedurkde aadd drain

15  electrodeghe ihpugdty abpelr e@m%hnqa%qvizqeqsoamga%fie&w alnigh
substrat e 3under ,a e |nsulgt|ngagayer, and“t he source and drain

at . ) . .

el ect rodes beinQnEEPQHﬁgﬂ fodebRTACT2LdOPedn FBBy tERDR iGEOTn ENAKG CH8THS of
an impurity dopedissl.i comheapeesenki chveatlionakecker fed iaprdde thet he gate
i nsul ating | ayer, gng %re 'o%ned b¥ ap intrinsic silicgn Iayir formed in
over | appi ng contBEFLERCENREENESPaPEE Do ABCIAGS A §1dd50H drYeFo R Ca Rl
and on the gateimpugliayi dgpkdyed licohefager,t hantwtoparbyidaceosdiligono
another aspect ehihN@inAVERLEERStRR witn REESANBPLALIRY 2 0RYA] Tahe
producing,g silicon thin filmi{ransistor conprising formng a gate

el ectrode”on aninpveptaenn§ustbstr geekst spnpPagvidgatemesdigdadiory | ayer on

t he insul ating @Qbaheghg Baahi BOtiARsqak®rel ectrode, formng an inpurity
doped silicon |ayer i 0 _, two parts on the gate insulating |ayer,
forming an intrinsic SFFPEgﬁn9a§8r°Bﬁ B?EFP&HB@EQaé@ﬁF&cPfoﬁhPhQrFﬁﬁnﬁarts_
of the inpurityidopadishl cherel ageprandded bheigdicon rhunhatfiile tapeisistor
between the twonggihy gh LASuITRYRE' LuBgReded, oY AN, 2L Waln
15 electrodes, the gate electrode being provided on the
insulating substrate under a gate insulating layer, and
the source and drain electrodes being arranged to
contact respectively each of the two parts of an
impurity doped silicon layer, which pérts are formed on
20 the gate insulating layer and are joined by an intrinsic
' silicon layer formed in overlapping contact on the two
parts of the impurity doped siliccn layer and on the
gate insulating layer in between the two parts.
N According to another aspect of the invention,
25 there is provided a method for prcducing a silicon thin
film transistor comprising forming a gate electrode on
an inshlating substrate, forming a gate insulating

»

layer on the insulating substrate bearing the gate
electrode, forming an impurity doped silicon layer in

30 two parts on the gate insulating layer, forming an
intrinsic silicon layer in overlapping contact on the two
parts of the impurity doped silicon layer and on the
gate insulating layer between the two parts of the
impurity doped silicon layer, andé providing a source



3 electrode and 'a drain electrode in contact respectively with each of the
two parts of the inpurity doped silicon layer. The present invention wll
be described further, by way of exanple, wth reference to the
acconpanying drawi ngs, in which:- Figure_1 is a plan view showing a fjrst
enbodi ment of silicon thin filn1transist%r according to the present %gﬁ
I nvention; Figures 2 (a) to 2 (c) are sectional views on the line Il - 11

in Figure 1 s L0 he oduction of the silicon thin filmtransistor of
Hgure 1 Fi guies Sedd i S8 SR RlerPEode b oRehERBEareBheRB ER Y i Con
thin filmtransibteachoebrthegtvo pactprefenhei ampurivy; dépgdr sidicena
secti onal vieﬂ%ggrthe line IV- IVin Figure 3; Figure 5is a plan view
showi ng a third enbodi ment of silicon thin filmtransistor according to the
present _20 i nvehBe dpreseRtr tnventianswéliohal deseRibadt RBIERRE, VI - VI
in Figure 5; Eygw&f df | éxampPplan VirE¥hSherepenadef o8 thecgbeEpai®ihgof
silicon thlndglln] ransi. stor, according to the 25 present i nventi on;
Fi-gire 8 i s AE¥EIRFhal 1RfPdAREhe line VIII - 111 in Figure 7; Figures 9
and 10 are plan vi emsgehewi ngsaafplah edbedsheningf asElirseneinbbdifhehmn

transistor acgprdi Pg-dg #in £11h"E-RASSELE' Q¥EBLEMy to the present

invention; _

0 Figures 2 (a) to 2 (c) are sectional views on the _
line II - II in Figure 1 showihg the production of the i;J
silicon. thin film transistor of Figure 1; |

‘Figure 3 is a plan view showing a second embodi-
ment_of'silicon thin film transistér-according to the

i3 present invention; ' ' '

Figure 4 is a sectional view on the line IV - IV
in Figure 3; ' ' _ S
'Figure 5 is a plan view showing a third embodiment
of silicon thin film transistor according to the present
20 invention; _ . ‘
Figure 6 is a sectional view on the line VI - VI
in Figure 5; | '
'Figure 7 is a plan view showing a fourth embodi- -
~ment of silicon thin film transistor according to the o/
25 present invention; '

Figure 8 is a sectional view on the line VIII -
JIII in Figure 7; _ _
Figures 9 and 10 are plan views showing a fifth
embodiment of silicon thin film transistor according to
30 the present invention;



4 Flgures 11 (a) to 11 (c) are sectional views shomnng t he production of a
si xth enbodi nent of silicon thin fllﬁ]tran5|stor according to the present
i'nvention; Figures 12 (a) to 12 (c) are sectional views 5 showi ng t he
prpduqﬁion of a seventh enbodi nent of silfcon thin filmtransistor
accordknb to the present invention; Figure 13 is a sectional view show ng

an ei ghth enbodi ”entrféuféé'an(éi"Qofii”IHaéJféséé’étf&ﬁ&IdvmwéO 10 the
pr esent |nvent|on Fi gur es are sectégnal homnng t he

production of BRPAVLRS EH%OBF%% ?%{ﬁns?ﬁléo 1xHh nepbe T?%Es?gt%+ 3&2®r di ng
to the presentthnneﬂilmntr&hgﬂseoﬁ5a¢éoﬁdphgntulemesbﬁwsamtalﬁventldﬁ

I f th | f
TPvent fon in an acti BSHERR i K2 (mb FPlFale] RFa SarLhrast ute. Tri gure 16
i s a secPional showingnthéeptodwctdbn -ok\d sevéngnrembsdiment of Fi gure
L7 is a plan Véfg’%ngﬁ‘t"%ﬂgﬁaffﬁﬁo ﬁﬁé’?&é&?té%a?&lﬁ&%? %ﬁ&ggtéééﬁ'tf' | m

transi stor accor e presént Tnventi on rn an” ac rix type
liquid crystalaneptégndeV|ce Figure 18 is a sectional view on the |line

Il - 25 XV pighkguig dia Fé&é‘ﬁfoﬁgl'§1éwp£ﬁ<9w¥ﬁ§v\éﬁhéi\gﬂgha third
application of SI|ICOﬂ t m t

ransi st or accordlng to the fé %
i nvention in aﬂmhegiménﬁn?flﬁliyﬁ%nl?ﬁﬁﬁd 19 sERRNBISHPRYAAEIFELNI 36O |
Figure 200i s atRecpresehtVvigvenpiéhg line XX - XX in Figure 19; Figure 21
's a sectional V'GMIﬁEgSPgsliE (ggqto f%'(é? urgcélongigyigw§2 's a plan

V|em15homnng a fourt
showing the production of a ninth embodiment of silicon

thin film transistor according to the present invention;
- Figure 15 is a plan view showing a first

15 application of the silicon thin film transistor

according to the present invention in an active matrix
- type ligquid crystal display device;

Figure 16 is a sectional view on the line XVI -
XVI in Figure 15;

20 Figure 17 is a plan view showing a second
application of the silicon thin film transistor
according to the present invention in an active matrix
type liquid crystal display device;

- Figure 18 is a sectional view on the line XVIITI -

25 XVIII in Figure 17;

Figure 19 is a plan view showing a third
application of silicon thin film transistor according to
the present invention in an active matrix type liquid
crystal display device;

30 ' - Figure 20 is a sectional view on the line XX - XX
in Figure 19; _

Figure 21 is a sectional view on the line XXI -
XXI in Figure 19; '
Figure 22 is a plan view shoﬁing a fourth



S application of the silicon thin filmtransistor according to the present
invention in an active matrix type liquid crystal di spl ay device; Figure 23
is a sectional viewon the lin XXI'l.l - 5 XXII'l.in Figure 22; Figure 24 -~
is a plan view showing a fifth appllcatﬁon of silicon thin fllnltran31$tor
according to the present |nvent|on in an active matrix type liquid cr?sgal

di spl ay device: g i 25 is_a sectional view on the |line XXV -
XXV i n Flgurgpgilcat&ﬁﬂ Pfghire sdliccn &bin &4dm $rapsimtesgh a conven-
tional silicercoldangi ko thenpresent AnfrenstioaniadafeattakesSnhiteqs thin

filmtransis el [ e .and 2 and conprises an
I nsul ating sgggtrg%gu}afggﬂegg%rgﬁgsggg aS& “thé li ke, a gate electrode 2
formed of O (chroFfiguyFe 33gisecai segtionad Wager of themddnoXXIILi eon

nitridé or SXkIQQ”iﬁXFQSuré bhrst inpurity doped silicon |ayer 4 forned of
anor phous 20 . silicon contalﬁlng sui t abl e anpbunts of .donor or acceptor
inpurities, an intFid9Fe 3f| i€oA PijBrvieworhowing anBifbbus silicon and

provi di ng anappli&&thauebf Qﬂﬂiéeﬁrﬁhfﬁtfiim'E§Hh§iéﬂgr|§¥€6rﬁi§§r€8d of
el ectrode ain 25

silicon nltr#gg Qr._si con ﬁ?
el ectrode 8 ngﬁeg?n tRYER ﬂﬂ1§PnanF ;VﬁrEaESHHeEYEG toaupd first
cigpurity dopedystalcdmsphgyrdévﬂteﬁxposed contact regions 9 of the first

i mpuriyy doped sil ayer tion nmeth of .suc S|I|con
thin film 30 trgggar% !?I%és ogﬁcpﬁgggguYé§w2o?agg?oiénfc Initially,
as shown in ¥XYuie Pigure 24p gadmdel ectrode 2is forned on t he i nsul ati ng

substrate 1. The gpigut@spbajsng éé&@ioﬁalsvigﬁngﬂrBGgﬁhﬁ EBRYLAL! Y A
tional silicon thin film transistor.
A first embodiment of silicon thin film transistor
15 is shown in Figures 1 and 2 and comprises an insulating
substrate 1 formed from glass or the like, a gate
electrode 2 formed of Cr (chromium),' a gate insulating
layer 3 formed of silicon nitride or silicon oxide, a
first impurity doped silicon layer 4 formed of amorphous
20 silicon containing suitable amounts of donor or acceptor
impurities, an intrinsic silicon layer 5 formed of
amorphous silicon and providing an active layer, and a
protective insulating layer 6 formed of silicon nitride
or silicon oxide. A source electrode 7 and a drain o
25 electrode 8 formed of ITO (indium tin oxide) are
connected to the first’ impurity doped silicon layer 4 at
exposed contact regions 9 of the first impurity doped
silicon layer 4. ' . -
The production method of such a silicon thin film
30 transistor is shown in Figures 2 (a) to 2 (c)..
Initiglly,' as shown in Figure 2 (a), the gate
electrode 2 is formed on the insulating substrate 1.
The gate insulating layer 3 is formed on the insulating
substrate 1 carrying the gate electrode 2, and the




substrate 1 carrying the gate electrode 2, and the 6 first inpurity
doped silicon layer 4 is forned on theé gate insulating layer 3 in two
parts, the two parts of the first inpurityg. .doped silicon |ayer 4 being
formed<by etching in such a manner that they transversely cross 5 t he
term ngf’ part of the gate electrode 2. The intrinsic silicon layer 5 and
the protective giigd qfrdpm&ﬂtq;y%p@darsm&%h nakerd 4a$.safeemban@auscnbayer -
next, and, by the use of, a él reS|st as a nask, % pr tectlv%

insul ating | ay&@ %&%ﬂ%&&gu 2Y§Ta 3180 twﬁUP@éF@d fl SoPEt i on
and, further, thmhénnﬁﬁwumpurxﬂﬁ ﬂ@@édlaﬁ&ncbnliaghmhadbeinggfarmeﬁ bychi ng

hod i I
et hod 1 1ol v e 985 pusk? s HARRR! URall ey ALY SRIY FERRE cxposed
regi ons of the the dterrGnal ipardr iofy thepgate lelestriodee2.4 with a fluoric
acid diluted by an aghEoynexdlidiicdds1588nP ey’ Ssiatia 't?er?%'oQ@chvae In

this nanner, the intrinsic si icon | ayer e protec I ve insulating
| ayer 6 are fordfsnlating layexr Sagxer fagh fioamesk Uy d2Y8Tand
20 the two panits, Ofaridle by thel ﬁmelér Iotfy ad d-«aaeerls% aEha mtskc;e

el ectrode 7 and .the draln el ectrode t en fqrne as shown in Figure 2
(c) in such a MhEFIHRGTIVR NS ﬁ’@ 85388 & 1icon

| ayer 4 |k0tfuahnﬂﬂuﬂaﬂ(ﬁﬂuunﬂc|aajdombr&t£ah and furitherhe mhesent
enbodi nent @ﬁg_%@ﬁq %1&# n ey CQN Isat%g:r hréd =X fi?i d %I?: fiinfeSt

I mpurity doped “thé ctive 1nS I"ay er S
forged on the mettrhmﬂmmmlmmal é};'elgas. t ko Jaﬂmslﬁett\b@erf flmpéltrltY

i mpurity doped dﬂgééfglﬂl%b‘?f 1A 4t g 3hown i Fikpire ¥ (00N |A%(:%rr Sis

| mproved,  and c e%n:i:[nrgar';:_hes Is%[rfac%h%rfa%theer Iesxtplocssedma1 egbl%nosbtoaf r3:%e first

15 impurity doped silicon layer 4 with a fluoric acid
diluted by an aqueous solution, the photo-resist is
peeled off. In this manner, the intrinsic silicon
layer 5 and the protective insulating layer 6 are formed
in the same pattern on the gate insulating layer 3 and

20 the two parts of the first impurity doped layer 4.

| The source electrode 7 and the drain electrode 8
are then formed as shown in Figure 2 (c¢) in such a
manner that they contact the first impurity doped
silicon layer 4 in the exposed contact regions 9.

25 In the present embodiment, since the intrinsic
silicon layer 5 is formed on the first impurity doped
silicon. layer 4, and the protective_insulating layer 6
is formed on the Entrinsic silicon layer 5, the join
between the first impurity doped silicon layer 4 and the

30 intrinsic silicon layer 5 is improved, and good tran-
sistor characteristics may be obtained.

Also, although the impurity'doped silicon layer 4
and the intrinsic silicon layer 5 are both discontinuous
in the present example, it has been experimentally



Al so; although t he impurity doped silicon'layer 4 and the intrinsic silicon .
| ayer 5 are both discontinuous in the present exanple, it has been

experinental ly 7 determ ned 't hat., i nat he case of using an anorphous

i npurity doped silicon |layer and the intri-nsic
silicon layer, a better join can be obtained by forming the intrinsicmge
silicon | ayedebermined thatfirsh tHRUEREE d€Padifyl BAOAmbapAbus and by

silicon to produce the first

form ng the fi ' ri oped, si Licon l.ayer ,on the intrinsic silicon
| ayer . 'The%g?gggbnggnb%ﬁggcgegﬂgcF}ngel ¥B§ég¥ éﬁﬁ&&iﬁéh?°9§ better than
the conventi éa¥ererndptbe iftrinsic sikigonedaFeaznd 4 bbevez jesand

Cayer 51 oomoiooaryeauad brorbERlasthk, shrkinade' BE1ipbh Ryl Lo

silicom thinORi Ehet £aRStsiwpurihy gepedcgilison layeky i andnbyin which

IS increased,i

anor phous si gbefRngS edsget ' LNGJ I Lk a , ah D ff current
h D e T LESt MpUPLEydbBed! cifRlon Fﬁgs?-ghiﬁh?rrad;ated

with |ight.

FHQFHBSBFe§éﬁ§°Pﬁs@§KEE; si RBereferent r LAst

igoresperticon
| ayer 5 is foheepresentabmpodihentnierbettef thenoehe ebR¢bheEEna1 ! i ght

passi ng throgggﬂéig I nsul ating substrate 1 is conpletely bl ocked and does
A

‘ndt reach thé

sic silicon | ayer 5. Therefore, an increase in off
currentOdue to |igRigureadsaendndcahobecaasecdnd embedPhent bArge extent.

pat o1 - onpl Syeirn CREn EEimcPHeRgLeedE n BhiER LRECLBYEENREE DO ment of

pattern enplo¥
silicon thinS

15

20

25

d I'nt case o rst—e I en
tieon, La¥est dris formed only over the interior of the

gate electrode 2.

In a silicon thin film transistor, and particu-
larly in one in which amorphous silicon is used in the
intrinsic silicon layer 5, the off current is increased
in the case where the intrinsic silicon layer 5 is
irradiated with light.

- In the present instance, since the intrinsic
silicon layér 5 is forméd.only above the interior of the
gate electrode 2, 1light passing through the insulating
substrate 1 is-completely blocked and does not reach the
int;insic silicon layer 5. Therefore, an increase in
off current due to light irradiation can be avoided to a
large extent. :

The present example can, of course, only be

 realised by changing the mask pattern employed in the

30

case of the first embodiment.
A third embodiment of silicon thin film transistor
according to the present invention, in which each

- contact region 9 is formed outside the area of the gate

electrode 2, is shown in Figures 5 and 6.
In the first embodiment, as shown in Figure 2
(c), the contact region 9 is formed over the terminal

nbodi nment - of

o/




30 according to t he present |nvent|on i n which each contact region 9
is formed outside the area of the,gate electrode 2, I's showmn in Figures 5
and 6. In the first enbodi ment, as shown 8n Figure 2 (c), the contact

regi on: 9 is formed over the ternlnal 8 part of the gate electrode 2 and
t he ov Iap between the gate electrode 2 and the first inpurity doped
silicon | ayer Da§§cQﬁe§h2Lgatakehgcthedde§|gndlthetoaerlapChetheentbhe

hand, in the p@ﬁ%@“ElSEEQGHQEQtaﬁa Eﬂ@“@lkgt51m83rgkguﬁggtar 3 ?E gverlap

S S|nply L. Ai I S b I ncreasing t E € response
speed. Ther ef or8¥®&i fic ecPﬂthELpreEEKFBGnﬁbélﬁéﬁﬁgnt dmdtepsap. cabnbe -

hal ved by conpghesesheirt hahe fhﬁsthén§9€583EtembHHiﬁéﬁﬁﬁaésshawﬁhﬁn
responsesl0 eed f t he bran5| tor can_ be_obtained. As before, the

pr esent enbodlﬁéﬁPrFs onl §UFBsSVBF aBylﬁhﬁhﬂPﬁﬁ Ehe mask pattern enpl oyed.
Figures 7 and 8 showas ﬁeuwemlekhodnneninefeashngoahéhoﬁeflhp1féaaﬁaétor
according to tgﬁ m nal

5
the intrinsic S|FP%§§SBQ % sgegén @#%?%ﬁ@ﬁefo %iP%ﬁd bﬁ;gﬁﬂ Pﬁﬁsgﬁge of
the gate electembedzmeahd nbhesovéalapscahebedgalmédthg tomparispnrity

doped silicon L;¥Rr+he fﬂ Egee858§ EnSt v%ﬂgnL ?ﬁ 9ﬂ§5¥gggggse

t hr bugh iBe |nsulat|ng Bstrate Q- f eal E I ONS 0
intrinsic siliSBReRaQ rtBefBFﬁ@81§E9§nﬁthbeoQ tadmeds the gate el ectrode 2

can be reduced to a Aﬁrﬁéfsré?nttﬁéeprégénﬂhéhﬁoéiﬁén@f isheniptrinsic

silicon | ayer g %g gg Buts#ge Ene ggte el ctrtg 2 ¥ i he first

i mdburi ty dopedPSPFLRER P¥yEhanging hhe mas RENOPPPLRY®Rnt of the

transi stor during |iBhguresadi ahdo® showba ﬂeur5hsedbbd1mehargﬁ extent .
silicon thin film transistor according to the present

15  invention, in which the terminal part of the intrinsic

' silicon layer 5 is positioned to extend beyond the edge
of the gate electrode 2, and not so far as the edge of
the first impurity doped silicon layer 4.

- In the present instance, the light passing

20 through the insulating substrate 1 and reaching the
portions of the intrinsic silicon layer 5 formed beyond
the outside of the gate electrode 2 can be reduced to a
large extent over the whole area of the intrinsic

. silicon layer 5 formed outside the gate electrode 2 by
N 25 the first impurity doped silicon layer 4. Consequently,
the off current of the transistor during light
irradiation can be decreased to a large extent.
Again, the present embodiment can only be
realised by chahging the mask pattern.

30 Figures 9 and 10 show a fifth embodiment of
silicon thin film transistor according to the present
invention, in which opposed edges of the two parts of
the first impurity doped silicon layer 4 under the
intrinsic silicon layer 5 are formed in the shape of



Again, the presént enbodinent can only be realised by changi ng the mask
pattern. 30 Figures 9 and 10 show a fifth enbodi ment of silicon
thin filmtransistor according to the present invention, in which opposed v
edges of the two parts of the first inp@rity doped silicon |ayer 4 under

the intrinsic silicon layer 5 are fornmed in the shape of 9 conb t e&dr
Since both t 8 Bir Lmpur i 0 Sihic yer t intrinsic
silicon | aye?: arf%teé"lhs‘contslti#l?%ug%qt etlhjeoi%lr}'ljbs%t\;e%én i‘@%& td}v\z’g’erf‘?ght not be

whol Iy sati sddicop layer i4 and ithe dptovasisy sdddsen dayes thadeat in the
convent i onal qaaedneinded,! NeHe! B0 Belthidehs tdl Gd ini g Yl i

resi stance occur,s In the region of the join, and the on’current of the
transistor i¥h ré&.tlsfﬁG%@\?:é’r:, eveRcd L i dFpdIPFWRGePYof the two parts
01;] _the ¥i [t dompariispnientt that ig h:'rlr];@o_@dnaaeeitd brane d‘a\(la\srherredbmeﬁﬂ uneven
shape, the parasitic. resistance at the join _decreases ereby the | owering
of the on cu&i@hﬂuﬁF&Fﬁ@ ﬂﬁaﬁﬁsggiﬁcﬂﬁftbe PRASHE HQ§H5%?d§?anple of
Figure 9, thedomrsofimothe eegdonlof ther ¢dior,nednsudhe o carcemtexfedge
section i s ORRAS . - ecti a ve.ed jon is
opposed to al%g%ngg:vaé‘gé' é:%(}g\é%;(ilg’%g?e n t%éw(?)?aé%ﬁl egg’?'%% g&%e%%(??’%t%#e t wo
;opposed edgeedges odr the twohpairds @fcbheafd rstgdmpagtiityh dopeshposed to a

by g, g FALicARARR, VU PR BB VR B, T8, [0 5o
production oP3Fasitls IeEIGtABGe St &he Join Mecrsases WhenebYolthes |
accordi ng tolohRMANYSOF thevem! ickitrent of the transistor may be
prévented. _
In the example of Figure 9, the two opposed edges
15 are formed such that a convex edge section is opposed to-
a convex edge section, and a concave edge section is
opposed to a concave edgé section. In the example of
Figure 10, the two opposed edges are formed such that a
concave edge section is bpposed to a convex edge
20 section. _ , |
Again, the present example can only be realised
by changing the mask pattern employed.
Figures 11 (a) to 11 (c) show the production of a
sixth embodiment of silicon thin film transistor v
25 according to the present invention.
First, the gate electrode 2 having light
shielding properties is formed on the insulating
substrate 1 having light transparent properties, and
the gate insulating iayer 3 is formed on the insulating
30 substrate 1 bearing the gate electrode 2. The first
- impurity doped silicon layer 4 is formed on the gate
~ insulating layer 3, and is patterned by etching into
two parts formed in such a manner that they trans-
versely cross the terminal part of the gaté electrode 2.



First, the gate el ectrode 2 having light shielding properties is formed on
the insulating substrate 1 having, light transparent properties, and the
gate insulating layer 3 is forned on the |nsulat|ng 30 substrate 1
bearlgg the gate el ectrode 2. The first pnpurlty doped silicon layer 4 is
f of med™n t he gate |nsulat|ng | ayer 3, and is patterned by etchlng into
two.parts formed in such _a_nangper trans erse Cros
termnal part of theéﬁﬁFSSEFSEEYod Qge lngébﬁéé?sﬁ&iﬁ§°ntxéyFﬁtS Sc
silicon | ayer Bhengrotecpiveedhsudattngl dayeyg bapee Boamedfonneﬂeogatbe
gate insulatin f t I

phot o-r esi st 1%n%§1§géﬁgdﬁgxgph h?ét%égp!éké¥ 988391§?a§8ﬁ3d §¥fic§
the rear surfadayer #he anpbbaprngséabsﬂlana goasedrpadtheegrqmentlve

ul tra-vi 6l et r§K§uigtEnglag  61c BHA! gnbogbat ddr#abadokhengale el ectrode

and

2 as a mask (see FLgur gure
phot o- 10 r dgpydatings sy §E€§tﬁolcéﬁré§56ﬁéaﬁﬁghwﬁ B H&FﬁaeVéegFBde 2 by

devel opi ng therayssuanaopaapeséeehét Adtoardsibe prougghivenengatati ng

| ayer 6 and the |n ESI% st licon #ag r 5 _are etﬁge? 33|ng this

phot o-resi st aSl§CkEORe <t 8Snf PASKhLSERFLIBFS: A?Pinsic silicon 15

| ayer 5 and the prot Nektye assshewhngnl Ryquré aangbgii nghehphowo-parts of

the inmpunigty d | c 4 e ol l owi ng this,
t he phot o- re5|9§§g5% eglgg Eﬁ%ﬁéd th M%QQegébﬁargﬁﬁk ?H§ agﬁg t he source
el ectrode 7 anelgctrodeha byadeveleopingdthe aKéStQBGEEhphosﬁéﬁiatn&hmer

th&t they cont aﬁa the 5?8%@6&19@9&83 égglﬁf)?t Fﬂﬁy&ﬁoepaﬂistﬁé iherihsse

i mpur ity doped silicon:layer 4. con I'mtransi stor
produced in théiﬁéﬁﬁérlFU§F 8c3tei ptghedi ncuSiRg thiFi RBPEOSFPRLsH as

a mask, to match the shape of the intrinsic silicon-

15 layer 5 and the protective insulating layer 6 connecting
the two parts of the impurity doped silicon layer 4 to
the gate electrode 2. _

Following this, the photo-resist is peeled off as
shown in Figure 11 (c¢), and the source electrode 7 and

20 the drain electrode 8 are formed in such a manner that
they contact the contact regions 9 of the two parts of
the first impurity doped silicon layer 4.

In the silicon thin film transistor produced in
K;‘ the manner just described, since the intrinsic silicon

25 layer 5 and the protective insulating layer 6 are

: patterned utilising the pattern of the gate electrode 2,
the number of photo-masks employed for one sheet can be
reduced by comparison with the number employed in the
production of the first embodiment.

30 Since the first impurity doped silicon layer 4
absorbs ultra-violet rays 12, in the present instance
it is preferable to make the 1mpur1ty doped silicon
layer as thin as possible.

The production of a seventh embodiment of silicon



25 . layer 5 and the protective insulating |layer 6 are patterned utilising
the pattern of the gate electrode 2, the nunber of photo-nmasks enployed for
one sheet can be reduced by conpari.son with the nunber enployed in the
production of the first embodi nent. 30 11 Since the first inpurity
doped silicon |layer 4 absorbs ultra-violet rays 12, 'in the present instance

it i f . ' it d,silLi I t hi

possi bl e, TheRRogat saaBpiatls, BrrhraABg t Be koo PrEPEREoRaVRERPA £ | m

transi stor adSoFBPWy dp Fhgupessdadt (advent La8n(icd .shown in Figures 12 (a) to

12 (c). As beforezAsthfgggg ekﬁgtéggg glaé%feﬁelbgBEVEhhehgbﬂg properties
ubstrate aving |1 ght

is formed on the_insulating 5 ) ] anspar ent
properties, ShAglgiRg PrRODEELiAg L&yEPrmedsonothediBsudpsingsul ating

substr&te 1 papstpatéhe Baveng! e hede::ans?_ailehlaepibp'akt&aavri Epedoped
a I,nsyl at i The first

silicon layer _is formed,on the _ g |l ayer™ 3. The

i mpurity dopgahginégﬁaEgng EFX%Er341FS¥BFEﬁad°Po¥gSrﬁPFHéaFQFEr into two
pﬁrts in srcbuhsﬂnaherltbearthgytheagateréeéitebdéSZFheahd{Ehéafiﬁﬁtg oL

the gate ele : essl , I ptrignsicssilicon Layer 5 and the
protective i%é%ﬁg?Fﬁgdﬁggérggiégéxf5%2%5'6% #Rgmégtgnlgﬁe gFﬁ?ulating | ayer
3 and the fiipsulapingt japeped.si| Thenfingbr impuantyt Goppllosdlicenst 11 is
i reot oq thr Saeet fo Pearclad, 8, POrnikae, Raypr 1hEs thd Partd) i’ S pose

t he photo-ré§PSP 3 mapReRgthak bhey tyapeverseivogEcssahhet herminal o
i npurity doppdrsi bfcthel gaté dlastpvg&s2.as shown'in Figure 12 (a). The

phot o= esi st 11 1 5L He0JEVEI 9Podchg [REMLAL1E1L01 23R 08,2l §Magg " eoPonds

the protective insulating layer 6 are formed on the gate
15 insulating layer 3 and the first impurity doped silicon
layer 4, and the photo-resist 11 is coated on the
protective insulating layer 6. Ultra-violet rays are
directed through the rear surface of the insulating
substrate 1 to expose the photo-resist 11, using the
20 gate electrode 2 and the first impurity doped silicon
layer 4 as masks, as shown in Figure 12 (a).
The photo-resist 11 is then developed-to form it
into a shape which corresponds with the gate electrode 2
and the first impurity doped silicon layer 4, and the Q.)-
25 protective inéulating layer 6 and the intrinsic silicon
“layer 5 are etched, using this photo-resist 11 as a
mask, -to form the intrinsic silicon layer 5 and the
protective insulating layer 6 into a pattern corres-
ponding with the gate electrode 2 and the first impurity
30 doped silicon layer 4 and connecting the two parts of
the first impurity doped silicon-layer 4, as shown in
Figure 12 (5).
Afterwards, the photo-resist 11 is peeled off,
and the source electrode 7 and thé drain electrode 8 are



and the first inpurity doped silicon |ayer 4, and the 25 protective
insulating layer 6 and the intrinsic silicon layer 5 are etched, using this
photo-resist 11 as a mask, to formthe in ?|n5|c silicon layer 5 and the
;N(nexalve i nsul ating Iayer 6 into a pattefn corres- ponding with the gate
el ectrode 2 and the first I mpurity 30 doped silicon |ayer 4 and

connecti ng theféfﬁe&aiﬁssﬁéh“é'eméhﬁéi- LHRET LhY d88r°x£'aé’c_' tﬁQ”claﬁ{%&t‘l as

shown in Figure 129éb 5 gteﬁmar s, the photo-Tesi st of f, and
the source el cERFEARE79AE FREe HYQiPaEFecef obhesf4FEt 1mEQI+BYn§GP?ﬂ such a

nmanner that theyliocohalayéhedgonascshowgi onsFrigatet D2 (8p.parts of the
first inpurity doped o] er 4..as 0 In the
silicon thin f|In1tr£§ #ég glhi% C %i%sfﬁfmm@r?ﬁgfsgggcPF%%écgds?ﬁce t he
pattern 6f thejﬁﬁtrdascrlbedycoainagethé patitehe of otketintrinsitati ng

| ayer 6 are fo Ot g d the
first. |npur|tyé opegﬁ %gns Qﬁd?@ﬁé %Q%ﬁ%gs g§§u§£€£ﬁ§n£§§graglo ed
for one sheet 2@ @@Eﬂﬂd1'@tili%bnge'@lh%eﬂab§'e’é@n9ﬁrtb%n9§\tehelﬁétrm %tz

enbodi ment. | nagdi Shé NEi eimpe d he ra-viol et
rays are substantlall aﬁggrl%P fﬂ@f d6?+§5%§9%§%§|%§ﬁé%p%d s?#%con | ayer

4 it is pref RHBPRref RRheteTmasks semp {oRoPReY sheet FRR BFRIBs t hi ck

15 asl@OSSlbéere&mwebﬁ%oxhpa\m@dsnawbﬁhtﬁsb@ﬂrsenémbédﬁmémeon thin
filmtransistor acco dlggito th gresent L nventi on, iliary

el ectrode 10 is for SRR nct SRS 11 sfslﬁ%%?+f?&d5€%5 1®i con
| ajer 4 and 20ultraoviclet cpays avetsubstadtiakblyoabserkédchbyotie7 and t he

drain el ectrode; S pr peefe fladhea SO, Ppis #7 D€ is preferable
to make the first impurity doped silicon layer as thick
15 as possible.

Figure 13 shows an eighth embodiment of silicon
thin film transistor according to the present invention,
in which an auxiliary electrode 10 is formed so as to
contact the first impurity doped silicon layer 4 and

20 cover stepped portions of the source eiectrode 7 and the
drain electrode 8 provided at the terminal parts of the
first impurity doped layer 4. Thus, even if one of
the source electrode 7 and the drain electrode 8 is

. broken where the step occufs, electrical connection is

25 still ensured by the auxiliary electrode 10.

The auxiliary electrode 10 may be formed from Ti
(titanium) or the like.

Figure 14 (d) shows a ninth embodlment of sillcon
thin film transistor according to the presentlinventlon_

30 having an insulating substrate 1, a gate electrode 2
formed of Cr (chromium), a gate insulating layer 3
formed of silicon nitride, a first impurity doped
silicon layer 4 comprising amorphous silicon containing
n-type impurities such as phosphorous or the like, an



first inpurity doped |ayer 4. Thus, even if one of the source el ectrode

7 and the drain electrode 8 is broken where the step occurs, electrical

connection is 25 still ensufed by the auxiliary el ectrode 10. The

auxiliary electrode 10 may be formed fr&h Ti (titaniunm) or the |ike. Figure

14 (d) shows a ninth enbodi nent of silicon thin filmtransistor accorﬂfﬁg

to the present invention_ 30 havi ng an insul ati ng substrite 1, ae ate
do

el ectrode 2 IBEFRASHF BLLiCAROMRYRT, O aPFAVAILRGURR: PREIVEY LRYSTT BR
silicon nitratigo eoﬁpr5§1ngpamotphdﬁ§ed1$nbbﬁ9n hagea deeonfirisi ng

fTher ans © iBERRLFPABRAe F L TAFER AVRY b SPRTRIRRS ARBORLRASH SR [ IV,
.conprisi ng abbepbppesitei type fndmatbecimpurapdest gndbpedfsrbkcon | ayer 4a
contalglng '?ﬂﬂ%kifgsdB &hgl ?98§'£§yé¥p2 frgﬂhihfs'ﬁnﬂ Eles in the first

5 i npur i 0pé rcon a er rities such as
boron or thelMPuﬁltiﬁﬁrSﬂébtase ongn|ar|h§e|&yse 6 &f PEPEREEAVRi tride or

the like is iﬂéﬁrﬂtﬂﬂgtm&yéaysroﬂaslﬁméoa ﬁQHEEEeebQCEthQiieaﬂg a drain

el ectrode 8 tin oxi or. a netal e al r,ovi ded.
The productlgﬂrﬁ? t% tankéﬁﬁrtﬁ?n f?Pﬁ1FréﬂurngFéﬁcﬁfpﬁengmﬁgg Bescri bed
irﬁth referﬁnQEaiﬁ Elguteedé4a(afbrmolelﬁdiumegnggkedebeorrad?eials Torned

i rst the_15 Substrate 1 and the gate insulating |ayer 3
S thegaforn%ﬁeoﬁlfﬂes¥h§%¢§alng substrate 1 over the gate el ectrode 2.
The first inpurityThepptodutction bfiybhig silinon tbinefilm t®enparts on tQﬁ

gate insulating:bavgi13 hBwSHeadsBRIBEE with ngéﬁeﬂéétio Figures

14 (a) to 14 (4).
The gate electrode 2 is formed first on the
15 insulating substrate 1, and the gate insulating layer 3 -
" is then formed on the insulating substrate 1 over the

gate electrode 2. The first impurity doped silicon
layer 4 is then formed in two pérts on the-gate '
insﬁlating layer 3 in such a manner that these parts

20 overlap the gate electrode 2, as shown in'Figure 14
(a). | | |

Next, the intrinsic silicon layer 5, the second
impurity doped siiicon'layer'4a, and the protective
insulating layer 6 are formed continuously, as shown in ‘_)

25 Figure 14 (b). The formation of the second impurity
‘doped silicon layer 4a can be by plasma CVD, optical
CVD, ion implanting using boron or the like, or
electrical discharge uSing a gas such as BzHé or the
like. '

30 By successive etching of the protective insulating
layer 6, the second impurity doped silicon layer 4a,
and the intrinsic silicon layer 5 ﬁsing the same mask,
the three layers are formed into patterns of the same
shape as shown in Figure 14 (c). Pattern formation is



20 overlap the gate electrode 2, as shown in Figure 14 (a). Next, the
intrinsic silicon layer 5, the se¢cond inpurity doped silicon |layer 4a, and
the protective insulating |ayer 6 are forgﬁd continuously, as shown in 25
Figureg 14 (b). The formation of the secoifd i npurity doped silicon |ayer
4a’ can-Be by plasma CVD, optical CVD, ion inplanting using boron or the

i ke, or el ect i i o@i aigge kN S a 2 t.the Like. 30

By successive g?%%?ﬁa gPQtnggggpegtﬁegﬁﬁﬁsgﬁgFiﬁagkéggglgfgfhgl &E8Rd

i mpurity doped1§YFFCgnCP&?@FtﬁthsnGWtharhSrbﬁstbesfﬁrsunimayeits usi ng
the same mask, dbpedt Bigecbayeagear ¢ . formed into patterns of the same shape
as shown in Figure 1% éc%. Pattern formation is carried out .in such a
‘manner that the intr RS EOUFFRcBherEyeres7 aRdethe drainnglesrredss 8t he

L:;ztrgggugigycdnnedﬁegltogﬂhga¥ﬁ2 ?aribg?foﬁgﬁegﬁgﬁﬁlt9?ao§eéngé%ﬁgpﬁfggz
i, npur i il

layers 4 are t%gxeggrgeﬁkgstéﬁﬁ °Fﬁgaigﬂr§ﬁ?ﬂn(a?.FFEBFﬁe&érgggnt

enbodi nent, since thE&ni hhei present| embodimgnt ,5 spdceéheheetnodingpority

doped silicon a for tL I |L.nkerface.between 10

the two Iayersg?ggégﬁréﬁgg§ §|§§§,E€§r%§§$#a g?ﬁéngke&§8% nglﬁﬁﬁﬁ?ity

doped silicon t3YyeF 4a are fermpdocentinuwonaiy| atthe iaperfscerbetween

formed cootinughél ¥woalsyess 1§tsk£asﬁeig gbeapned between these two |ayers
al so. 15 As ternative to the structure Lust descri bed, the

an_al . ]
first inpurity dopengFFEEBn | 33RFe sthey=aeoRd pirppEiFHpdePedesilif@nsecond
i mput ity dopedlapger4dsandethéapiovestivecingulatingslayer 6 are also

formed continuously, a clean interface is obtained
between these two layers also.

15 As an alternative to the structure just described,
the first impurity doped silicon layer 4 may have p-type
impurities, the second impurity doped layer 4a then
having n-type impurities.

Figures 15 and 16 show the application of the

20 silicon thin film transistor according to the present
invention to an active matrix type liquid crystal
display device. _ .

In this display device, 'gate wiring 13 is formed
at the same time as the formation of the gate electrode

25 2, and source wiring 14 and a picture element electrode.

15 are formed at the same time as the formation of the
source electrode 7 and the drain electrode 8. Therefore,
the formation of these elements can be achieved without
substantially increasing the number of masks.

30 : Cr or the like can be used for the gate electrode
2 and the gate wiring 13, and ITO or the like can be
used for the source electrode 7, the drain électrode 8,
the source wiring 14, and the picture element electrode
15,



Fi gures 15 and 16 show the application of the 20 silicon thin film
transi stor according to the present invention to an active matrix type
liquid crystal display device. In this display device, gate wiring 13 is
formed at the sane tine as the formati ob5of the gate el ectrode 25 257y

and source wiring 14 and a picture element electrode 15 are forned at”
same time as the formation of the source electrode 7 and the drain

el ectrode 8. Ther efnra, medif icatbon oof othe ds3pbaEn@avicean 88 8heVRved

Wi thout SUbSiﬁ”ﬁiiﬁf&é'f?rfﬁé'fQ t hengupdest Oim ﬁﬁﬁ d@8ped silicofr or the
| i ke can be used Tor the % g | ectr ode Ea and 1 TO

or the |ike ta¥ehet (58 PF %%uP%Ea%f%iiVbﬁ ?getﬁ%uHFﬁlﬁlﬁiggtrode 8,
the source wigjng i, oﬂlilélrtf@speﬁtsl[e ehermﬂspeéycdeoﬂeelaf Figibesn a

nodi figation devi ce in_ Eigures_ 1 d 18, the

first |§rrpur|3t-8 %‘Eejoéisfg ‘?%‘h PR 25 ﬁagr‘agnﬁéﬁufﬁgpggaﬁiil th the

source Wi ring 14." Howevet|ierthes@edisplayhdevises ayayebecsubjectedres 5

devi ces may 50 CeEFaly EreuTong a0 SEER B8 0L, VI he 0w ip the

production step shbmntha prg@uetﬂoabsteptshewnesesgagyreozclb&n t k& exposed

csurface of the pdég to! kA ¥ndoBRposbd] SPEAGYCHE (thY Eligstse Of a
iTu e

fluoric¢ aci an aqueous sol ut t he gate

i nsul atfPng | tyRRrity deped sitheen Llavee #nRYsthecyse,? r?dglﬁﬂﬁ i 1icon
oxi de -used |gc1@aagp¢@edn5ylaﬁ|aqué@ugrsalateoneadlhy thisetihg,t he dil uted

Ty oo cor R Ry SRR LRE I Labd ol Ul ~
silicon nitride and silicon oxide used in the gate
insulating layer 3 are readily etched by the diluted

15 fluoric acid, and so the thickness of the gate

| insulating layer 3 may be considerably reduced due to
the etching. Therefore, referring to Figures 15 and
16, poor insulation is apt to occur between the gate
wiring 13 and the source wiring 14 at the cross over

20 between the gate wiring and the source wiring.

Therefore, in an application of the silicon thin
film transistor according to the invention to an active
‘matrix type liquid crystal display device as shown in
FigureS'19;'20'and 21, a third impurity doped silicon -

25 layer 4b is provided to inhibit the occurrence of poor
insulation. The third impurity doped silicon layer 4b
is formed at the same time as the first impurity doped
silicon layer 4 and in such a manner as to cover the
gate insulating layer 3 at the cross over of the gate

30 wiring 13 and the source wiring 14. Due to such an
arrangement, the gate insulating layer 3) where'it is
coVered with the third impurity doped silicon layer 4b,
is not etched at the time of cleaning the exposed
surface of the first impurity doped silicon layer with




t he etching. Therefore, referring to Figures 15 and 16, poor insulation
is apt to occur between the gate wiring 13 and the source wiring 14 at the
¢ross over 20 bet ween the gate wiring d the source wiring. Therefore,

i n angapplication of the silicon thin fil™mtransistor according to the

i nventT™on to an active matrix type liquid crystal display device as shown

i n Figures 19, ; S d rit | 1 : r 4b is
provided to i n%%i%%%hoc%l};r&ryelrégea 0 'poﬁﬁqj%ﬁa__l.gr@%r%%es tlﬁJ‘l r q‘-l npurity
doped silicon¥Je8Rgedh is formed at the same tineas the-first inpurity
doped silicon |ayer ghwierd N A& BHOWRRE Fidfurdd 0VertH &diic@ i nsul ati ng
| ayer 3 at the_cross over Wi source W ring

of the te 30 13 and th
14 Due to icHTNE 4 ia Femiiced 0 sRsS RIS AKANSVERAS SECBihero it s
covered With thetwdem themuop tof dieedididd depurdter doped sildicost ched at

the tinme of cl ' S f ac the fdrst i ri,

silicon | ayer %{‘Q}ﬂ %&fﬁgl%d%%%ggnf%l %ﬁfgc&ipj’ t&?dggg: | tJ'?ét %g:ﬁ'g’gss S
not reduced. Hagemr3 gehestaded by hguetciing thy ther ddlwiteid ¢ luwnic
required to crsgg th P : 488 -Qf ird

I mpurity dopec#%ﬁ'i.cgaﬁ gd;er Z?g(eé'?\%%t e%é)éljraécégnt 53119% g%etaf ?ﬁeggb%tug
i.nsul ati ng | apdy thige®teR.ed by the etching by the diluted fluoric acid,

and a bremk.in the syereFodd, NAn @ #YAilFA RGN s HHOWNSHPP Filfires
Therefore, |(r¥%a_ nodi fi cation as shown in Figqures 22 gnd 23, thé third
[

i mpurity doped&idi%d? i aftie HRird Agpnrd ty, °£ﬁ51r(§>€1 ayieE &
| éagt h of the foumede ftiy iapprokimated ywithe whole tlenguhdidf dhet souyeer ce

wring 14. wiring 14 to be wider than the width of the source
wiring 14.
15 In this case, as shown in Figure 23, the step in

the gate iﬂsulating layer 3'generated by the etching by
the diluted fluoric acid is absent, and so breakage of
the source wiring 14 can be reduced.
Furthermore, since the third impurity doped
20 silicon layer 4 absorbs light, 1light leakage is reduced
and the contrast of the active matrix type liquid
crystal display device is improved. _
A further application of the silicon thin film
'transistor according to the present invention in an
25 active matrix type liquid crystal display device is
shown in Figures 24 and 25. Again, the third impurity
doped .silicon layer 4b is formed on the gate'insulating
layer 3 for almost the whole length of the source wiring
14 in a width wider than that of the source wiring 14.
30 Moreover, the intrinsic silicon layer 5 and the
- protective insulating layer 6 are additionally formed as
. layers 5a and 6a on this third impurity doped silicon
layer 4b in such a manner that they cover the cross over
between the gate wiring 13 and the source wiring 14.



15 In this case, as shown in Figure 23, the step in the gate
“insulating layer 3 generated by the etching by the diluted fluoric acid is
absent, and so breakage of the’"source wiring 14 can be reduced.

Furthernore, since the third inmpurity d&ﬂed 20 silicon layer 4 absgrbs
light, [light |eakage is reduced and the contrast of the active matri X-.t ype

| d t d A_f | f th

i1 con ¢ bi nihel HREFIRERE: A LAEER: ARNGE: 5% AR, FBSoREOLREEA Eon i n an 25
active matriinsypatlinguildyerysaakreispbdfy coarses | provdded atrityeres 24 and
e 13 5 ksl oy SR OIE 3o vl et o

gate insul ati f or a I'e 1 ength the source wring 14
inawdth- wﬂ@qﬁrtﬁannﬂh&heoprpmec§éﬁﬁcénﬁmﬂﬁﬁénﬂ4 ayer 6-.\breover, the

intringc silicon lsg! % %h%”QnttQ‘inEriQt gq_tlli\é@,nl r]_%lyleat i5&g alnwétlheG are
additional ly forneg

| ayer.s 6a on this g @28 do ed
silicon Iaye@nﬂ$QQ$1§GtHn§u#&ﬁﬁ§H @ﬁﬂ?rtﬁ@yaE@V§P et ween
the gate w “d%rl%fa&@xet t&ownang ni3n@n# the sb'ﬁrﬂeewimimgﬁ.l‘h siilni con

| 5 dt ct t f ded at
the same {1 mBORItIRE 6 HEE SANGr SBIAIAR, eyl B alla R MR OV, (00 @
.protective i rjmgitm.ﬁt!yg dopedr s&lﬂon layer 4bGi ngearhdnswlatiarne silicon
[ayer Sp and 4G OLG! Bkt d SRR 18 TR AV 1 e oSS

source wiring 14, in addition to the
gate insul at |heg na@aaedstm@ tiegaeniexentpurity doped silicon |ayer 4b, poor-

insulation 10  bein'eg HiRpvedidesiribeg &Baaiﬂéiﬁ§ourszqwan ng 14 can be’

reduced to a large extent. I n the above descqgri bed enbo nts silicon
nlté%de, silicon oxide or a m&itifiayereéjfni

silicon nitride and silicon oxide are preferably
15 employed for the gate insulating layer 3. Further,
élthough the use of an amorphous silicon is desirable
for each of the impurity doped silicon layer 4 and the
intrinsic silicon layer 5, a poly-crystalline silicon
or the like can also be used. The protective
20 insulating layer 6 may be silicon nitride, silicon
oxide or the like. ' o
_According to the present invention, the interface
between the impurity doped silicon layer 4 and the
intrinsic silicon layer 5 is improved, and good tran- w
25 sistor characteristics can be obtained.
The following further advantages can also be
obtained by the use of the various modifications as
~described: -
| By forming the intrinsic silicon layer 5 over the
30 interior of the gate electrode 2, the off current at
the time of light:irradiation can be reduced to a large
extent.

1

In the embodlments in which the contact regions 9
are formed outside the edges of the gate electrode 2,



nitride, silicon oxide or a multi-layered filmof silicon nitride and
silicon oxide are preferably 15  enployed for the gate insul ating layer

3. Further, although the use of an anorphaus silicon is desirable for each
of the, |npur|ty doped silicon | ayer 4 and& he intrinsic silicon | ayer 5, a
po]y ch%talllne SI|ICOﬂ or the |ike can also be used. The protective 20

insulating | a itr Il OXIde or the I|ike.
According to t e presen 4i rflit#§#ﬁ%%§F%E§ PWE i npurity
doped S|IlconﬂﬁﬂRﬁftieﬁuPﬁthherhnanﬂmstanImaxnbdegnhanteds i nproved, and

good tran- 25  si SPpddid elg{% d ne}@nﬁ gﬁgeg?%fkhtme n@éﬁ%@

further advant ages ca31also

nodi fi cati ons AYEF %@%ﬂﬁ%&hﬁt@ﬁeﬁt rqfnsﬁh@ ganec@rlch.\)r@d% over

the 30 3 inteyiama c:.fnstitae &Qteea&leectdft)%éam fdo?é'dr ¥ 1Rlorf NE time of
l'i ght |rrad|at|on c 3@1 ed to a. large extent the enbodi nents in
whi ch the contR¥ 90F St Shee time ofgdd bt the gate

el ectrode 2, irnataetammri aqamaq@ametmcea ited éc a@ rejed elxitentesponse properties
of the transistor Qsitianing th terntnal arts of the
intrinsic silicon | E?e%ﬁ@@ ﬂ%m%rl@g #gteﬁecﬁat% P& PS&%’ ot 2 and
i nsi de the ar d&deofimpiiitiypdoped 6@@4@0ﬂlhamar Maypdet, thbelnttlmadcent at

the tinmeldf | 's@l.fl'fidcfnr Q@'y%tr' 8N jRARKRE s ‘i?‘éc%‘f 'dmd 't%%%x extteﬂ By formng
t he opposing ea&es of two parts o nmpurity i con | ayer 4

under . t he i nt P&T&sd PS r%ﬁHStééﬁeléﬁeﬁeguﬂﬁdtﬁ@dbﬂéyﬁréﬂgb@ﬁbthéepn t he
pakasi tic resicuraent of thdueednaidtoovraynBeobreheneed.

In the production method in which the photo-resist
11 on the protective insulating layer 6 is exposed from
15 the rear surface of the insulating substrate 1 and
developed to form a mask for creating the pattern of the
intrinsic silicon layer 5 and the protective insulating
layer 6, the number of masks can be'decreased,
resulting in a cost reduction and an improvement in
20 yield.

' In the case in which the second impurity doped
silicon layer 4a containing impurities of the type
opposite to the impurities in the first impurity doped

K;/ . silicon layer 4 is provided, since the impurity doped

25 silicon layer 4 and the protective insulating layer 6
are continuously formed, a clean interface can be
obtained.

Also, if a‘plurality of the silicon thin film
transistors of the present invention are provided in an
30 array like arrangement, an excellent array with the
various above features can be obtained.
In such a case in which the third impurity doped
silicon layer 4b is formed in such a manner as to cover
the gate insulating layer 3 positibned at the cross over



current of the transistor may be prevented. In the production nmethod in

- which the photo-resist 11 on the protective insulating |layer 6 is exposed
from 15 the rear surface of the insulating substrate 1 and devel oped to
forma nmask for creating the pattern ofidhe intrinsic silicon |ayer 5@g£ad
the protective insulating |layer 6, the nunber of masks can be decreaséet,
resulting in a cost reduction and an inprovenent in 20 yield. In the
case in whi off tthe sgatadvining 13 adbetheisounee Iwirindgal4ontROOF ng

| mpurities ofnddfalygle APPON (Erdfs (el TBM [ Bé Cavofudde first impurity
doped silicon layer 4 is provided, _since the |npurity doped 25 silicon
layer 4 and the pritEtiere iy A S1htConERin Sienc ?ﬁ%%f*?ﬁ‘l‘red, a
cl ean i nterf o ewitBdh beh&® bt i PE imph sty | doped| sibicdy Ddyéhedsiiscon thin

filmteansisiors of the present invention are, provided.i n array
li ke aFE’r ang ?8 %%eﬁxg%?f m%ﬁ'?&/ vhe h"%??ljegv%ﬁ%u‘gf a%*&ves‘?‘g% %res can
-~ be obtai ned.winisgci4 avitisca iwidth chidér than dthapuof tyhelopowiree! i con | ayer

4b is formed,| ch nper. . - [yl (= Waly) 3

posi ti oned ;*fi?%lz&tr oélgss%v%ﬁéuféﬁ%‘?%?g %(ﬁéeéﬁa?tegévavi ﬁ%ﬁsﬁ%ﬂé%% %%?@%ur ce
wiring 14, poke sogntatwining lhecandee Eﬁ‘g’#c%@mt%eaammd‘?xﬁ#¥ her, in a
silicon thin filmtransistor array in which the third inpurity doped
“silicon_layer 4b is 5 formed over approximately the whole area of the
sour celfiri ng 14 with a width wider than that of the source wring, poor

i nsul ati on between the gate wiring 13 and the source wiring 14 can be -
reduced to a large extent. 10 '
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15 20 25 30 CLAI MS 1. A silicon thin filmtransistor having an

i nsul ati ng substrate, and gate, sourcé and drain el ectrodes, the gate—
el ectrode bei ng provided on the insulating.substrate under

i nsul at i ting | ayer, and the source and drain el ectrodes bj\“ ﬁm\ w%“m“\
contact™Trespectively each of the two parts20f an inpurit con *

| ayer, which parts are fornmed on 10 the gate |nsulat|ng | ayer and are
joined by an intrinsic silicon |layer formed in overlapping contact on the
two parts of the inpurity doped. silicOnLl Ay& Magd on the gate insulating

| ayer in between the two parts. 2. AStTicon thin filmtransistor as
claimed in claim15 1 in whichthe intrinsic silicon |ayer is formed
within the projécted &r&aléFonhshgnt 6idmetrapgdstedr havAngi Rincon thin film

transistor as chﬁsﬁmdtmg%aw&aha Whipgl garkact sbﬁ%gn%nd' ar\é(fihch the
source and3drain,el ectrodes contact the twd parts of the inpurity

doped silicon | §y8FEEOEPS f of dgeﬁ?sP&SCFﬁedﬁrEFéBBeErSWégle°Phéh§ate
el ect r-ode. 4. 1néuiatungnshbsnrétéﬁuhdaﬁsasgﬁteainehaa&&d | Nagledi,m &nidn

whi ch-t he edge t LnLringi LLic [ pRosi ti one u S|de t he
proj ected area ggetggugg%eaﬂé 8r318|8E§F%aéggﬁd%eﬁggdgrfﬁgggﬁ %f the
i mpuri.ty doped sPhteach keppectively dashl nfothehitwof phmtsr afiskat or as

claimed in any Q&gﬁé?%?ﬁd% 3| élhEcggrEQXQEPOS%ﬂl%ﬂgﬁggQE %Q% E Qﬁrbﬁ of

the i npuristgy dOE e i'ntr I con |ayer
are forned in t kBesgape éﬂsééﬁﬁlﬂge@ﬁYer and are joined by an’ lntrlnSlC

(% silicon layer formed in overlapping contact on the two
parts of the impurity doped silicon layer and on the
gate insulating layer in between the two parts.

2. A silicon thin film transistor as claimed in claim
1 in which the intrinsic silicoﬁ layer is formed within
the projected area of the gate electrode.
3. A silicon thin film trans:stor as claimed in claim
1 in which contact regions, in which the source and
drain electrodes contact the two parts of the impurity
20 doped silicon layer, are formed outside the projected
area of the gate electrode. :
4. A silicon thin film transistor as claimed in claim
1 in which the edge of the intrinsic silicon layer is
positioned outside the projected area of the gate
25 electrode and inside the area of the impurity doped
silicon layer.
5. A silicon thin film transistor as claimed in any-
of claims 1 to 4 in which opposed edges of the two parts .

»

of the impurity doped silicon layer under the intrinsic
30 silicon layer are formed in the shape of comb teeth.

6. A silicon thin film transistor as claimed in any

of claims 1 to 5 further having a protective insulating

layer formed on the intrinsic siiicon layer to cover the

same area. '



6. Asilic
further havin
silicon |ayer

on thin filmtransistor as clained Irrﬂlmmmm to 5
g a protective insulating Iayer for '”ﬂmﬂ :

to cover the sanme area. A SilitcoM thin* |Im

transistor as claimed in claim6 in which the intrinsic silicon |ayer-apd

the protectiv
el ectrode. 8.

e insulating layer are formgd to match the shape of the

dte
A silicon thin filmtransistor as clainmed in claim®6 in

which the intrinsic silicon |ayer and the protective insulating |ayer are

f.ormed to natgh therutltm&enofthtlhefaahet@ae:%tlrs%& aid ke me@ Ul terdaped
on . thin filmtransistor as clainmed in any of

5, ﬁanP&ﬁh tb&c&ﬁ&rﬁﬁﬁﬁFlFﬁl&ﬁﬁ@d%ﬁﬁ% ro&Rd cont ai.ni ng

silicon | ayer
claims 1 to 5

i'mpurities ofptbtectuees&nSuﬁatungthayempwmdnﬁmrme@ tthe mfaiticdt thepurity

doped silicon
sanme shape as

b%égro Sthgr qeogl%%%FgagrlnS|c silicon layer in the 15

rinsi SI| A silicon thin film

transi st or as8gl ai mddsiidicloai phdn ﬁl\l/m thransgisdicar @isv ¢ liadg@datiimg ladyrer i s

formed on thegseqoplsuhPuiE Yndonad sl KiaaRdriGlyeh® i ¥ind he same area.

20 ©  11. A si transi stor array conpr|3|ng a plurality of

icon thin fi

silicon thin PFPRECLANS ingudaidng dr¥es |a|¥eaﬁ;¢r|5\e@c§di r‘Rjt&ha the gate
wifi-ng for inbatigcaenest the Ghtedelecerede A#Rs tHe LitpuFiityc@dbgdd n film

tran- sistors
el ectrodes of

transi st'or ar Bay asAckdiliedn mhdihaifihlinl tiranstiistioreash cdidiimedh irhiamyf i |l m

soyrce W ri. ng for inter-connecti ng t he 25 SOUI’CG

nd
sfﬁé COR B¥R%thin filmtransistors. 12. '"Asilicon thin film

transistor hageachushiaen igPer ity HQREd o5 idd el liRtir it Hip the

15

20

25

silicon layer contalnlng 1mpur1t1es of the reverse type
to the impurities in the first impurity doped silicon
layer is formed on the intrinsic sflicon layer in the
same shape as the intrinsic silicon layer.

10. A silicon thin film transistor as claimed in claim
9 in which a protective insulating layer is formed on
the secend impurity doped silicon layer to cover the
same area. ' '

11. A silicon thin film transistor array comprising a
plurality of silicon thin film transistors as claimed in
any preceding claim, gate wiring'for inter-connecting
the gate electrodes of the silicon thin film tran-
sistors, and source wiring for inter-connecting the
source electrodes of the silicon thin film transistors.
12. ‘A silicon thin film transistor array as claimed in

“c¢laim 11 in which each silicon thin film transistor has

30

a further impurity dcped silicon layer formed on the
gate-insulating layer at a cross over of the gate wiring

- and the source wiring.

13. A silicon thin film transistor array as claimed in
~laim 12 in which the further impurity doped silicon
layer is formed continuously'over substantially the
whole area of the source wirihg so as to be wider than



gate insulating |ayer at a cross over of the gat?ﬁ!iLLﬂg_gg_____,aﬁd t he
source wring. 13. A silicon thin filmtransi stor array as [.gRd in
¢laim12 in which the further inpurity doped sillic “‘ﬁm “;mﬁ“md
continuyously over substantially the whol e area of fn ' g1 1] SO as
to be ¥ der than the source wiring. 1422 A methdd for producing a
silicon thin filmtran- sistor conprising formng a gate el ectrode on an

i nsul ating substrate, formng a gate insulating |ayer on the insulating
substrate bearthg sbergetwieliagtrode, formng an inpurity doped silicon

| ayer in two pagts o te Lnsulating |ayer,.f ' ag.hnteinsic
silicon | ayer ?%‘ove$|§§§F§§ §8ktggPagﬁlﬁﬁegt%élﬁggbgkg B élﬂh%ﬁgﬁty doped
silicon | ayer ah8ton chwpygiséngnfakminggal gpse kdewsendehent @d parts of the
mpurity dopedsfkhigeinba¥ebetAtel! O¥blhdfiq?GHtee 18ETREAMG 2AGed drain
el ectrode d n contact reSpectively with each”of the two parts of the

i npurity doped®Bi FheoAnpiyatingssubshrasenbgazdngl sheegate elgchrederurt her
conpri sing forgbrfiiagPaat ehbuyetiynasbatli B4 1iawer 1afetrheni Rivol Pair&ssSion con

| ayer, coating E pho o-ne5|it Qn tﬁe Erote tive |nsulat|ng | gyer.,. egPOS|ng
a portion of tHhBepHABES- 1PSULEEing AgYPRe oZPE™IPgcPPodBtEdNS I St1AS R t1ra-
viol'et rays palayeg thr oweglrlabpingscbataet snbsheateo gerelsopifnghiehe
phot o-resist, g L0g d .oped o-.tasi.st S e he
protective insSBngahglgéggda%égkggﬁi%??%%sﬁé%sF |§§% %gggr& %E%E#c gihe
shape of ihe gae¥es| betwegn. the. twoppastBo@fashel dmpugity dopes 14 further
colgr i si ng forﬁﬁmgcénpﬂa&ﬁiﬁ'VSnH”%%b@HHQﬁg’QY%ENQQetQer%&bBQSb%dﬁb!'CQn
| ayer, coating_a phot -reS|gt on the protecCtive Lnsglath% | ayer, erPS|ng
a portion of i pga Hopggctro e in contact respectively with each of the

two parts of the impurity doped silicon layer.

15. A method as claimed in claim 14 further comprising

n

forming a protective insulating layer on the intrinsic

silicon layer, coating a photo-resist on the protective
~ insulating layer, exposing a portion of the photo-
resist using the gate electrode as a mask to ultra-
violet rays passing through the insulating substrate,
developing the photo-resist, and using the developed
‘photo-resist as a mask etching the protective insulating

B AP )
($]

layer and the intrinsic silicon layer to match the shape
of the gate electrode.

16. A method as claimed in claim 14 further comprising
forming a protective insulating layer on the intrinsic
silicon layer, coating a photo-resist on the protective
insulating layer, exposing a portion of the photo-
resist using the gate electrode and the impurity doped
silicon layer as masks to ultra-violet rays passing
through the insulating substrate, developing the photo-
resist, and using the developed photo-resist as a mask

[39]
(¥]]

»
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etching the protective insulating layer and the
intrinsic silicon layer to match the outline of the gate
electrode and the impurity doped silicon layer.



resist using the gate electrode and the inpurity doped silicon |ayer as
masks to ultra-violet rays passing through the insulating substrate,

devel opi ng the photo- resist, and using the deve‘ nr ||l1 t as a
mask etching the protective insul ating layer and ﬂﬂ I“ m“:ullﬂ Iicon--.-.\,.._

| ayer to match the outline of the gate el ectrode and®thle ithpdrity dopew:
silicon | ayer. 17. A nethod as claia®d in claim14 further. conprising
form ng a second inpurity doped silicon |ayer containing inpurities of the
reverse type to the inpurities in the first_ inpurity doped silicon |ayer
and a prot ectiire i fseRhod amyelaibred ninj etainsid g‘ilﬁ-g@ﬁ fepprising

patterning tfomited i second Umburity @ﬁﬁedtQflﬁééﬁmﬂayef?uébﬁﬂagﬁﬂﬁg
thelcgrlnsmswlco aer%rrll e sane.sha

| |
S con oY eumfih o 0 [ (S Kevaras FymsYES (bR (epar e Lot Ra LS|
descri bed wn il rsf ermpmmtp dopedissilicon rbaperi andny ptotéguiee 1 to 14 of

t he accom S oy hin,filmitransistor.arra
subst anti al I y as‘n%ereralmi%? | ggl?arlil@ etlé%::'r'l%’e W{“hc?%f% FERte 13 gnd 1%

as il lustrat mﬁtrﬁwg)ftfﬁ gzmtseq@ve) Dsswiat teg abayer, pable ngedondi ngs.
20. A met hogodf ﬁodﬂgpéw R PIAE Oyt [dhd Et‘ié“’ erengicsypeiaghi al ly

as hereln partlcula escribed w erence to an as | ustrate
any of Fi gur @¥R¥ in “the jsame Ehapey4 of the acconpanying draw ngs. 25 30

18. A silicon thin film transistor substantially as

10 herein particularly described with reference to and as U

illustrated in any of Figures 1 to 14 of the accom-

panying drawings: _

19. A silicon thin film transistor array subétantially

as herein particularly described with reference to and
i3 as illustrated in any of Flgures 15 to 25 of the accom-

panying drawings. o

20. A method of producing a silicon thin film tran-

sistor substantially as herein paiticularly described

with reference to and as illustrated in any of Figures
2C 2, 11, 12 or 14 of the accompanying drawings.
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