THIN- FI'LM TRANSI STOR AND METHOD FOR MANUFACTURI NG | T The present invention
relates to a thin-filmtransistor which is enployed, for exanple, for
active matrix type li- quid crystal displays or nmenory integrated circuits.
In the docy neng "JAPAN DI SPLAY" 86, 1986 pages 196 to 199, a-structure of a
conventional™ thin-filmtransistor is discloSed. A pl an view and a secti onal
view of this known structure are schematically shown in Figs. 2(a) and (),

respectively. The sectional view of Fig. 2(b) is_t ne_A
in Fig. 2(a). This thin-filmtransistor conprise %}hz su altﬁn
substrate 201 nade of glass, quartz or sapphire regi on i&i and %
drain region 203 which are polysilicon thin filnms doped with dono §s

acceptor inpurities. A data |ine 204 and a pixel electrode 205 are in
contact with the source regi OrHPN-FELM TEENSISFOR 'AND on 203, respectively.

A sem conductor |ayer 206 Wﬁh&hp S nPﬂhﬁﬁbhb&BR:kE' »f IImis in contact
ace o d/

with both the up- per- surf e source regron and that of the
drai n region 203, and extends between these regions 202 and 203. A gate - -
|nsulat|ng film 207 covers all of these conponents and a gate el ectrode 208

I's provided on_ the gate insulating film 207. This conventiopnal thin-film-
transi st or suf?%?sP¥F§ﬁPBrénvﬁpgﬁﬁntﬁﬁiaﬁﬁﬁltﬁeaeﬁ%%%Tﬁ%&mmFFﬂnFéFgPEnce to
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vol tage Vgs and the .or- dinate represents the |ogarithmof the drain
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' respectively. The sectional view of Fig. 2(b) is taken
along the line A~A in Fig. 2(a). This thin-film transistor
comprises on an insulating substrate 201 made of glass,
‘quartz or sapphire, a source region 202 and a drain region
203 which are polysilicon thin films doped with donor or

o acceptor impurities. A data line 204 and a pixel electrode

205 are in contact with the source region 202 and the drain

region 203, respectively. A semiconductor layer 206 which _
_ is a polysilicon thin-film is in contact w1th both the up~
TR per surface of the source region 202 and that of the drain
' region 203, and extends between these regions 202 and 203.
A gate insulating film 207 covers all of these components
and a gate electrode 208 is provided on the gate insulating
film 207.

This conventional thin-film transistor suffers from pro-
blems that will be explained with reference to Fig. 3.

Fig..3 is a graph showing the characteristic of drain cur-
J rent Id against gate voltage Vgs of a thin-film transistor
ﬁ*;;a structured as explained with reference to Fig. 2. In Fig.



Sitive is designated as [err]. Wth a polysilicon thin-filmtransistor the
drain current Id is mninmmwhen the gate vol tage Vgs is around OV. At a
negative gate voltage Vgs a Hall current flows increasing [err] and, thus,
greatly redu- cing the ratio- [err]. Hence, yphen such thin- f|In1tranS| .stor
is applied to an active matrix ‘type liquid crystal display in which the
gate voltage is decreased to a nega- tive value when el ectric charges
accurmul ated in the liquid crystal layer are held, sufficient holding of the
electric charges is difficult whereby the image quality of the |Ii quid
crystal displ @), itheldcissebssd afepiésemtestié gatentioXtage Vag ensikdche or-
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short circuit %ef eGgt s anql ({1 _ . . s :
: is applie O an active matrix type liquid crystal
i display in which the gate voltage is decreased to a nega-
tive value when electric charges accumulated in the l:l.qu:l.d
crystal layer are held, sufficient holding of the electrlq
charges is difficult whereby the image quality of the li-
quid crystal display is deteriorated. ;

The present invention is intended to overcome the above ex~
plained problem of conventional thin-film transistors, and -
its object is to provide a thin-film transistor exhihitingﬂ'
, a large Igy/Igpp ratio. An object'of the invention is fur--
MY ther to provide a method for manufacturing such thin-film
; transistor.

These objects are achieved with a thin-film transistor ac-
cording to claim 1 and a method according to claims 3 and
i - 4, respectively. Preferred embodiments of the invention are
- subject matter of dependent claims.

As will be better understood from the following detailed
description of various ‘embodiments of the present inven-



provides a |iquid crystal display having an excellent dis- play quality. -

Since a sinple process of anodic oxidation allows for an accurate control
of the said offset, the equipnment for nma- nufacturing the thin-film
transistor-is not costly and so’'the production cost of a liquid crystal
di splay i s de- creased. Preferred enbodi ments of the present invention

wll. be de- scribed belowwth reference to the drawings, in which: Fig. 1

is a cross-sectional view of a thin-filmtransistor according to one
enbodi mrent of the present inven- tion, taken in the direction of channel
| ength, Figs. tibﬁ), specilficadvantagesy aetvievddabyr the- iaventisn arevas
respectlvely ié trating the structure of a conventional thin-film
transi stor, tﬁg §§ sec- 4 tion of Fig. 2(b) being taken along the
line A-A in Fig. 2(a), Fig. 3 is a graph showing a characteristic of the

conven- tionag ?ka&H&Ebt5ﬁn§5a$?'teﬁxgcoﬂtrb%lﬁﬁﬂ&a83f§gﬂwbﬁﬂwggﬁ‘Hﬂé
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cor r espondi Ng¢hPnt Pt mOkrEngistod’ havihgnal sucicaaatiyonodcs dsamguep
t he present |nven&|on Figs. 6(a), (b) and (c) are a plan vie

cross-sect i onBFOVABRAraken along line A-A' in Fig. 6(a) and a
cross-sectional view taken along line B-B' in Fig. 6(a), respectively,.
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Figs 8(a), are cross sectional “views sh
isplay having an excellent dlsplay quallty.

Application of the thin-film transistor according to the
e present invention to an active matrix type liquid crystal

display greatly reduces short circuit defects and, thus,

. provides a liquid crystal display having an excellent dis-

play quality.

Since a simple process of anodic oxidation allows for an
accufate control of the said offset, the equipment for ma-
nufacturing the thin-film transistor is not costly and so
the production cost of a liquid crystal display is de-
creased.

Preferred embodiments of the present invention will be de-
scribed below with reference to the drawings, in which:

Fig. 1 is a cross-sectional view of a thin-film transistor.
according to one embodiment of the present inven-
tion, taken in the direction of channel length,

Figs. 2(a) and (b) are a plan view and a cross—sectional
view, respectively, illustrating the structure of a -
conventional thin-film transistor, the cross-sec-



*di-f ferent “‘manufacturing steps of a thin-filmtran- sistor according to
anot her enbodi nent of the pre- sent invention, and Fig. 9 is a graph
showi ng how the filmthickness of tanta- |um oxi de changes wi th changes of
the voltage in an anodic oxidation of tantglum 5 FI RST EMBCDI MENT Fig.
1 is .a cross-sectional view of athin-filmtransistor according to a first
enbodi ment of the present invention. The section is taken in the direction_
of the transistor's channel length. On a substrate 101 nade of gl ass,
quartz, a ceramc or si- licon there is formed a 25 nmthick polysilicon
| ayer. This polysilicobohager FEgup2(Bpsbaingrtaken 14Pohgrthaglihe ArAnin
sistor's channel regqgi a ?gstion 104 formng its source region and a
floy3

portion 103 formng i rarfi’ fegi on. The po- lysilicon |ayer is preferably

formed by deconposing nonosi--|ane gas in an atnosphere of [err] by

| ow-pressure §}§% §b“§¥e£pg£ggﬁaéh8ﬂiﬁ hhenaphyeétiseic! 8¥CthaScbAven-—.
limted to the Tow pressur D techni que. |nstead, the polysilicon |ayer
may al so’ be forned bytiemal thinrfilanbransistariicon by sputtering or
pl asma .CVD which is then heat treated at a tenperature ranging from/[err]
to [err] for 5 ,to 40 hours to convert -the anprph sjlicon to | ysilicon.
Anor phous si 1§4%n ﬁayf?u?tﬂEFPBeshﬁﬂéngohﬁHI§§$I$€iﬂ %bl?k?ﬁﬁ§a8?néa a=
using an argon or excluirokiderchafigés withichanges adf nchéivolt&dgeoin|erv]
is formed to a thickness.of 150.nm by | | m_ CVD. ECR plasma CVD assu-
res formation of finéa§§?$? ﬂ%g?ﬁgl$%S§¥f%§5§§§@mh |l ow tem perature of
[err] oy below and is optimal as-the gate insu- lating filmmanufacturing
net hod. The i@sut at i ng..fid malo7: nay . Wb, _ Y.

oxi di 2i ng ¢ Nl 1Scerar o1 fzaph bAOKLER)a Neasrat bl S s MoL e iBhntng
oxygen at- nosphere cko[that ofrFige 308 2 rthinrfiip rFranaister /R08AFTHI ck
gate el ec- trode 105 d)_{néaeéa{;h@i,ﬁeggqfreﬁ,%gm,t ering. Using this :

Figs. 6(a), (b) and (c) are a plan view, a cross-sectional
view taken along line A-A' in Fig. 6(a) and a
cross-sectional view taken along line B-B!' in Fig.
6(a), respectively,:illustrating an active matrix
fypé liquid crystal display substrate to which the
thin-film transistor according to the present in-
vention can be applied,

Figs. 7(a) and (b) show an equivalent circuit of the active
matrix type liquid crystal display and a drive sig- -
nal waveform, respectively,

" Figs 8(a), (b) and (c) are cross sectional views showing
' different manufacturing steps of a thin-film tran-
sistor according;to another embodiment of the pre-—
Yy sent invention, and | _ N |

Fig. 9 is a graph showing how the film thickness of tanta-
lum oxide changes: with changes of the voltage in an
anodic oxidation of -tantalum.



gate el ectrode 105 as a nmask, phosphorus ions are then im 6 pl ant ed
into the polysilicon through the gate insulating film 107 at a dose of 3 x
[err] and an energy level of 120 keV:so as to formthe source region 104
and-the drain region 103 in a self-alined mgnner. |f phosphorus ions aré:
inplanted by the ion inplantation, an N type thin-filmtransistor will be
obt ai ned. Inplantation of boron ions provides a P type thin-film
transistor. If the type of im planted ions is selectively changed using a
photoresist or the like, a CMOS type inverter circuit can be readily ob-

tai ned. After ggggzaggggggugume I npl ant ed phosphorus ions are ir- radiated
by an argon or excimer |aser and thereby activated to reduce the resistance
of the polysilicon in the source region 104 and the drain region 103. _
Subsequent iy, Bkgkndulist ar crogsoseckicandnvievdeti 3 thinedidm transdstore - -
of the gate el e&aedﬁngoéob& g&eétpeasbdamehtoaf Ehe- pﬂebbhﬁsih@bﬁ%ibﬁw thqua}
t hi ckness of t e tantallum gxi de_and the tantal um respectivel g i es S
wi th changes ofhengegbiongdsytakenoinakbsi AigeriienoAr thertygans. SFH s
absci ssa’ repr egRahheln2engthlage and the ordinate the filmthickness. As .
shown in Fig. 4, the filmthickness of tanta- |um oxide increases in
proportion to the anodi c -oxi dation voltage. The filmthickness can be - B
control 'ed at @nratsubkttatet 401 fadel Uf Yhass,aquartaz,ia sehpmicedrtsl- L T
anodi ¢ oxi- da usfa 0 z h f S
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in Fig. 4 is generated. As sh fset AL ans an
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each of sourcelysilicon layer is preferably formed by decomposing monosi- -
lane gas in an atmosphere of 600°C by low-pressure CVD.
However, formation of the polysilicon layer is not limited
to the low-pressure CVD technique. Instead, the polysilicon
layer may also be formed by first forming amorphous silicon
by sputtering or plasma CVD which is then heat treated at a
temperature ranging from 550°C to 600°C for 5 to 40 hours
'ﬂ: to convert the amorphous silicon to polysilicon. Amorphous .
o silicon may further be made to polysilicon by irradiating .
it using an argon or excimer laser.

Nexﬁ, a gate insulating film 107 of SiO, is formed to a _
thickness of 150 nm by ECR plasmaICVD. ECR plasma CVD assu-—
res formation of fine'sib2 héving less'traps at a low tem-
perature of 100°C or below and is optimal as the gate insu-
lating film manufacturing method. The gate insulating film
107 may also be formed by thermally oxidizing the surface
of the polysilicon layer (102, 103 and 104) in a oxygen at-
mosphere of 1100°C.

Oon the gate insulating film 107 a 400nm thick gate elec-
trode 105 of tantalum is formed by sputtering. Using this
gate electrode 105 as a mask, phosphorus ions are then im-



Y and drain regirons 104 and 103. Anodic oxidation at a vol- tage of 250 V-
generates an offset AL of 200 nm |t is pos- sible to accurately control

the offset AL by-controlling the anodic oxigation voltage. The upper limt
of the anodic oxidation voltage applied to formthe tantalum oxide is the

hi ghest voltage the forned tantal um oxi de can resist, which i-s about 250 V.
Hence, the offset AL can be controlled to any val ue between 0 and 200 nm
Finally, contact holes 110 and 111 are opened in the insu- lating |ayer 107’
above the sourpkanted ointosthadrekesilicen  threwgh othe gate s@ﬁugetmg

i nterconnect i of 199 §nda® &' @b8el 5 €5 CRNIELY | S~ 0$h@f ardNerés Pévah ugienum
and silicon are respectively grOV|ded.|n the contagt holes 1 and_ 11]. The
effect of tkm3¥39é@$V[%?r?siF t RErpLtRe [ SPUrEe FRILon, 104 . and  the jdxadihe | s

th?t thebvol t agey hen Weed iilieagaégfeuﬁne%rﬂdmmd Theplivspioregi donsndrehe -
vol t age -bet ween the gate el gectrode and.t urce_ region en the gate ..
vol t age Vgs ié“ﬂ%ﬂ%??%é?b¥aﬁﬁﬁe38Pfﬁ%?%%%??éfg%uéﬂaag#ﬁﬁPeggéthgl%.e IR
| d- Vgs- char acttaransistof willi befobtained. Implamtatime ofiddoromxidasi on .- -
voltage is 15 S e AL _ 1 ﬁg@s i t i N o =X

absci ssa repr%&gﬁ%&%eﬁggﬁév%?@gg?@gstan %Oﬁ%a&gt%@%boggu hm

of the drain @kanted|itonsohfasehectivelyFhanged usingfa pRotgresist or

correspondi ng e a1 DEQY et EROS! £iPé NAvePteF BHEIDE Uk Nod NBda@i1fi 8b-5 -
cor - responmwﬁklo a thin-filmtransistor according to the pre- sent

i nventi-on, it ¥@Mebe easily seen that in the charac- teristic of Fig. 5
the drain current Id remains substan- tially constant for negative values

oL L1 GaLe VAltage MBI SELPIRY O RelalEel SShblodip LR drbrRbe e
substanti al | y gehkisted by ahaargdntér excimer i aser tand-tlereby ractivated
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limted:and arregian si@h and the drain region 103. :

Subsequently, an insulator 106 of tantalum oxide is.formed
on the surface of the gate electrode 105 by anodic oxida-
tion. Fig. 4 illustrates how the thickness of the tantalum
oxide and the tantalum, respectively, changes with changes
of the voltage used for anodic oxidation. In Fig. 4, the
abscissa represents the voltage and the ordinate the film
thickness. As shown in Fig. 4, the film thickness of tanta~
_ lum oxide increases in proportion to the anodic oxidation -
ST voltage. The film thickness can be controlled at a rate of
| 1.7 to 1.8 nm/V. When tantalum is subjected to anodic oxi-
dation, its surface is oxidized and the tantalum film
thickness decreases correspondingly.

B As a result of converting a surface region of the tantalum
gate electrode 105 to tantalum oxide insulator 106, an off-
set AL corresponding to the film thickness indicated by a -
hatched portion in Fig. 4 is generated. As shown in Fig. 1,
the offset AL means an:additional distance between the .~ -
edges of gate electrode 105 and the edge of each of ‘source :



layer is readily formed. Hence, when the offset -AL is 200 nmor less a - -
reduction of - [err] is small. When the offset AL is 100 nm or bel ow, since

t he vol tage between the gate el ectrode and the drain region and the voltage
.between the gate el ectrode and the source rggion are not reduced suffi- -
ciently, [err] can not' be reduced. Therefore, the obtinum val ue for the =

of fset is between 100 and 200 nm and the ob- tinmum anodi ¢ oxi dation vol tage
i s between 150 and 250 V. Since the anodic oxidation assures excellent ’
reproduction and uni form oxidation over a large area, the thin-film
transistor acemdlidaim teienespod any erd3 OAmsiid oiletion e svyl-
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appl i-ed to an WWMWQMQ%@DPWQI o y@m the hantalumotide is gthe
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strate. Fig. %%b 1S a sectlonal view of a thin-filmtran- 5|st%£}$§rt|on
taken al ong |i Q- Henge, fhe qffSet AL can e, gantx KER
along line B—EnyﬂVéau; Kﬁtﬁeen 0 Qi I3owmaihin-films 612 and 613 are
formed on a glass sub- strate 601 made of NA 35 manufactured by Hoya

Cor por.ation. These silicon thin filmmay be anorphous silicon thin filns
formed by pl amal\ly,orcqjmq@ |halars t1Hth dnd rm:lf @mee dpened dirp rides uinswEyD.

A desired th| m
sem conduct or ayzé g‘@é}%ﬂé 4algsgs‘faé ?ﬁgﬁ r egi oe?i%rxgq%l* ﬁ‘? Brain.
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f or med
respectively prov1ded in the contact holes 110 and 111.

- The effect of the offset AL in the thin-film transistor de-
scribed above is that the voltage between the gate elec~
trode and the drain region and the voltage between the gate
electrode and the source region, when the gate voltage Vgs
is negative, can be effectively reduced.

Fig. 5 shows the Id-Vgs-characteristic of a thin-film tran-
sistor whose anodic oxidation voltage is 150 V and whose
offset AL about 100 nm. As with Fig. 3, the abscissa repre-
sents the gate voltage Vgs and the ordinate the logarithm
of the drain current Id.

Comparing the characteristic of Fig. 3 corresponding to a
conventional thin-film transistor with that of Fig. 5 cor-
responding to a thin-film transistor according to the pre-
sent invention, it will be easily seen that in the charac-
teristic of Fig. 5 the drain current Id remains substan-
tially constant for negative values of the gate voltage up
to around 0 V. That means Ispp is greatly improved. Igy,
that is the drain current for positive gate voltages, is



in contact with these layers. A desired thickness of the sem conductor

| ayers 602, '603 and 604 is between 20 and 50 nm nm Thereafter, a first

i nsul ator 614 of tantal um oxide and a gate el ectrode 605 of tantalum are
fornmed. The first insu- lating film®6l4 is Jorned in a atnmesphere of argon
gas or a mxture gas of argon gas and oxygen gas by RF sputtering using
tantal um oxi de targets. The thickness of the first insulating film®61l4 is
from20 to 50 nm Subsequently, the gate electrode 605 is forned at a

t hi ckness of 400 nm by DC sputtering. The first insulator 614 and the gate

el ectrode 605s&meﬁahﬁﬂaq aafechawa 3% &HAWoH ithieo Wonvent ional \tieiwhi ng
t echni que. ﬂ ﬁ etchl eV|ce used tqg process the gate el ectrode 605
and. t he flrst %ncludes a plasma chanber in which a mxture -
gas .of freon gas and oxygen gas is de- conposed by plasma discharge to

t di hi Mh e
Ot chi ng.t akes Th S04 sRLEAE Midhd ettt itied’ the” Belvalidhol Al YO0 ©
conveyed t her $hat Tieamst dthe chanel quniandst I’téatimﬁst 2% amymthe de are
substantial I'yy gges?:'fea %iéﬁon U(J?%egl qa nabA el Eo hr InVeaMivp! that

of . tantalun1OX| | ess. I n ry etchlngﬁdeV|ce etchlng of the .
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ducted until hie ol Psgatee rathudtiion off Ifg% ae’ smmormhen h:ﬂzdeyo@ﬁawdm

Thus, only the p on of first, ins ted b ow t gate '
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region and thgagudl ZotCthe deFsatSals’ paltwdend 1685 AnAN 2005 nin anlde ths HKM

timum anodic oxidation voltage is between 150 and 250 V.
Since the anodic oxidation assures excellent reproduction
and uniform oxidation over a large area, the thin-film
transistor according to the present invention can be. advan-
tageously applied to an active matrix type liquid crystal
display.

In the embodiment described above, the gate electrode is
formed of tantalum. However, it may be formed of any metal
which is capable of forming an oxide by anodic oxldatlon,

such as alumlnum or nlobium.

SECOND EMBODIMENT °

Fig;'s shows a thin-film transistor accérding to an embodi-
ment of the present invention applied to an active matriiw_
; type liquid-crystal display substrate. Fig. 6(a)- is .a plan
an view of the active matrix type liquid crystal display sub-
strate. Fig. 6(b) is a sectional view of a thin-film tran-
sistor portion taken along line A-A' of Fig. 6(a). Fig. .
6(c) is a sectional view taken along line B-B' of -Fig. - :
6(a). '



the first enbodi nent. Subsequently, a 420 nmthick second insul ator 606 of
tanta- lumoxide is forned on the gate el ectrode 605 by subjecting the
surface of the latter anodic oxidation in a solution of 0.01 wt%of citric
acid at an anodi ¢ oxidation voltage of 250 &, thereby obtaining an offset
AL of about 200 nm Next, the previously inplanted phosphorus ions are -
activa- ted by laser irradiation as in the case of the first enbo- dinent.
Thereafter, the gate insulating film®607 is etched using a m xture liquid
of hydrofluoric acid and amoni um fluori de to open contact holes 610 and .
611, and then a pi- xel electrode 608 of ITO (indiumtin oxide) I's formed

2l um num and G414 iR len BE2 dna il ke Foed B Ffiefleld-
arranged as eﬂm@oﬁ@bm&demﬁmmm@mmmm oy i Hey®(Soxporagtien. - -
el ectrode 605 dille G LEAGRE I 'PI 1 Ahatd e | dndighod | dinéén PEeYh Ceg1Ry .

t he second I.nsul ator 606 nmaking it unne ssary provi

i nsul atiny filGArmethiky MWQECWr%cPWWQn Fhim§ g sfqlml%dah?d has“_ e
little def ect § cylidrésmitrd P ESA el HreEORIPESIIRIES Yot tfedneEIn®fighort 02
circuit defects betmeen datg I|ne 609 and gate el ectrode 605 is e
substantial ly?® Mye is applied to tantal um oxide, a.
Pool e- Fren- kel conductlon current floms in the tantal um oxi de that ex-. . s«
hibits a currept.volta er| reshol d_,val SR
ronever o noditbit i HERROMEIEES Maver R0 DALY S .mgcl}?rrfiﬁ"’%o%ewas e

t hi ck as ‘420 roff amét‘tttmxl-lf(ffehinctmnsﬂsm iz saifceiregion Bahend han the -

1L, 0l haloled A6 oindd 1) R4S e SR

dri.ven, a resi Stanc al ne {; en1cause

Wen t he of f sdoddment. (Ehemn a (gate Hinsiating £ikn 607 0 rﬁ@gd@mﬁ.

. reduced to 25Qﬂ“fﬂod’f£ﬁw€i‘htl?\"l§ihéé‘ ﬁy&@.a%&dégﬁﬂdﬂrﬁ\fﬁkﬂggs %‘»ELEheAS
shown in Fig. q aﬁf gat e |nsulat|ng f|In1607 of [err], and the fi

i nsul at or 614 P} aNe é%?rves‘e% d 604 is between 20 an 50

i

Thereafter, a first insulator 614 of taritalum oxide and a
gate electrode 605 of tantalum are formed. The first insu-
lating film 614 is formed in a atmosphere of argon gas or a
mixture gas of argon gas and oxygen gas by RF sputtering
using tantalum oxide targets. The thickness of the first
insulating film 614 is from 20 to 50 nm. Subsequently, the
gate electrode 605 is formed at a thickness of 400 nm by DC
sputtering. The first insulator 614 and the gate electrode
605 are then processed using a photolithographic or dry
etcﬁing technique.

The dry etching device used to process the gate electrode
605 and the first insulator 614 includes a plasma chamber
in which a mixture gas of freon gas and oxygen gas is de-
composed by plasma discharge to generate radicals which
contribute to etching, and an etching chamber where etching
takes place using the radicals generated in the plasma
chaﬁber and conveyed thereto. The etch rate of tantalum and
that of tantalum oxide are substantially the same, and the



between the gate el ectrode 605 and the seni conductor |ayer 602. However,
since the dielectric constant of tantalumoxide is |large, nanely between 25
and 28, the.electric cha-kacteristics of the thin-filmtransistor are not
subst an- tlaIIy af fected: Rathér, the two- izosul ati ng | ayer structure.
reduces the danger of any short CIrCUIt defects between the gate el ectrode
605 and the sem conductor |ayer 602. Fig. 7(a) shows an equivalent circuit _
of the active matrix type liquid crystal display. Fig. 7(b) shows a drive

si gnal 12 waveform for the active matrix type liquid crystal display. In
Fig. 7(a), reftehnkateues £i0xisidd30th othshatcofctrntadynmy oxides @hni ng
circuit. A thhgski,l mtransistor 705 is provided at each matrix point where
a data line 703 crosses a gate electrode 704. Aliquid crystal layer 706 is
provi - ded between a respective pixel electrode connected to the drain
regi on: 707 of usdal shich- didynetchings deviee] atchingnof€l. eher gdteGelbcgate .

Curn o Lni o FEPREL £0R°anf the 3538%, TheflakBy) 340357 cBRRShRBERI St 1

to T2. A datadgcgadlunaglamMe«5@0@ogateaﬁasuan§1ng3fnsmtEsﬂeby wpmular

th h th TH#S t Iéﬁgy
7ogougur|ne ;E§? ter 6 fron1 2 toh$gstﬁhopﬁrgign %?t%g%gFgfgﬁyigghl '
turned of f toGP'GI aOFﬁ@eél dealow: theapgtenelectron: §05nhds| leftd This ye- .

| ayer 706. Duﬁlhﬂﬁlha' §onl'.fidd oz the f@k&%g&naﬁlhherdéaWeéeaboamb%v@anges
and an ef ectiv e indicate

as |ndrcated n. Fig ) | 1

nat ched por (i BHe adneApE ek veRD ERg.Fate, joPULaELpd 308, SR ARHo the o
negatlve blaSgaaé e&eep&ndengOSOtoVBhéebbylunhhﬁchhthaoremiabﬁldnydata 1ine
703 is applied to the gate electrode. If a twist nematic liquid crystal is
used for the liquid crystal layer 706, a voltage VD of 1 to 5 Vis
necessary. ThNextedpbosphibrus ionsoare Vmpdanted dnte thetajdivgp flayer® t o
-12 V. There-sagresga Sehbl andNkhs LRYOLER' tnkSq egumgdlaéinagﬂ Ei14C 607

appreci ated from ansi tor accor
present - ,nvenpyoﬁoprégpaggtatggpfso as to form the source req1on and the

-drain region in a self-aligned fashion, as in the case of
the first embodiment. '

Subsequently, a 420 nm thick second insulator 606_6f tanta-

! lum oxide is formed on the gate electrode 605 by subjecting
the surface of the latter anodic oxidation in a solution of
0.01 wt¥ of citric acid at an anodic oxidation voltage of
250 V, thereby ohtaining an offset AL of about 200 nm.

Next, the previously implanted phosphorus ions. are activa-
ted by laser irradiation as in the case of the first embo-
diment. Thereafter, the gate insulating film 607 is etched
using a mixture liquid of hydrofluoric acid and ammonium
_ fluoride to open contact holes 610 and 611, and then a pi-
w7y xel electrode 608 of ITO (indium tin oxide) is formed to a
thickness of 30 to 50 nm.

Finally, a data line 609 of an alloy of aluminum and sili-
con is provided.



ciently low [err] and, thus, enables the electrie charge witten into the
liquid crystal |ayer to be stably held. Therefore, a liquid crystal dlspiayj_;
having a |arge contrast and an excellent visual angle can be provided. - -

13 THI RD EMBODI MENT A" thin=filmtransistor gagcording to a third enbodlnent

of the present invention will be explai.ned with reference to Fig. 8. As

shown in Fig. 8(a), a polysilicon sem conductor |ayer 802, an [err] gate
insulating film807 and a tantalum gate el ectrode 805 are forned in this

order .on a substrate 801, as in the case of the first enbodi ment. Next, as _
shown in Fig. Bibthethetivefl matrik shbsgnaeeeaexangeddas8éﬁplaineﬂjabbve,to S
0t dauion Y olRghfaCkbcheelehf AGEL PinbiavbURd G00s ol10oELERUTREE (o

After that phos 'E orus ions nto e sem conduct or Iay
802 through t Hehyj t@rﬁ’ﬁ§u¢§{=hngth9¥n{§b75b§ ;enF19rp|6ﬂhl-t4%npﬁ9Vlded by:

hi gh-energy i %Q%@Sn&olﬁ§ulﬁt69r@b9 JBakifg i€ ushéde E'éﬁh.ﬂe
region:803 in a sel ned ashiop, Fig. 9 shows the rela |on etmeen t:

anodi ¢ .oxidat i ¥h % Fratégﬁuéﬁ %Hﬁtg}ﬁﬂTand the filmthickness of tantal umni:
oxi de.: The abSC|ssa represents the voltage and the ordinate the film .. .,

t hi ck filmthick f t | id

L N o ¢ TR SRS Bhndd b7 HHbOIY Gl dae 4R 08 e Lin PEBA b St” -

rate of 1.7 tddit8lendeéfedisneuch mé pie hobes, rmmlyacﬁmsemlem‘eby,ahhe -
ffset. AL sh k

of 5, A S0 G SKLhe el ol ARG ST 1105 G0hcong
controlHed||19?¢%U@¢ﬁ$€%ﬂ@9 605 459 ﬁ%b%?a% 34y | ¥ednee’. anodi ¢ oxidation

voltage. In the first enbodi nent, the anodic oxidation is conducted after
i npl ant ati on qQf |npur|t i ons, and he offset Aglcan be_accurate

controlled||1QP?QuE; tagenis app um oxide, a $o6 Z-Frenp ﬁ.f

kel conduction current flows in the tantalum oxide that ex~
hibits a current-voltage-characteristic having a threshold .
voltage. However, since the tantalum oxide of the second
insulating f£ilm 606 is as thick as 420 nm and the threshold . -
voltage is sufficiently higher than the voltage of 20 to 30
V at which the active matrix substrate as generally driven,:f
a resistance as high as 1015 g is obtained and no problenm
caused. When the offset AL is 100 nm, the thickness of the
'tantalum_oxide must be reduced to 250 nm. However, even in
this case, problems do not occur.

 "1, As shown in Fig. 6(b), the gate insulating £ilm 607 of §i0,
) and the first insulator 614 of tantalum oxide are present
between the gate electrode 605 and the semiconductor layer
602. However, since the dielectric constant of tantalum
oxide is large, namely between 25 and 28, the electric cha-
) racteristics of the thin-film transistor are not substan-
u);}.- tially affected. Rather, the two-insulating layer structure
reduces the danger of any short circuit defects between the
gate electrode 605 and the semiconductor layer 602.

. Fig. 7(a) shows an equivalent circuit of the active matrix
R type liquid crystal display. Fig. 7(b) shows a drive signal



14 .t he present third enbodinent, however, the order of ion im plantation
and anodic oxidation is reversed and the offset [err] can be controlled in
a range larger than that of the first enbodiment. Therefore, when conpared
with the first .enbediinent, .-t he wvoltage bet n the gate el ectrode and the
drain region and the .voltage between the gaté el ectrode and the source
regi on when the gate voltage Vgs is reduced to a negative range, can be
further reduced, thus further incre- asing the source drain voltage Vds and”
further reducing [err] when the gate is negatively biased. Hence, the thin-

filﬁ1tranfiStOWaﬁéfgbﬁ F@ﬁwtﬁguﬁswﬁffﬁhtkﬂ&emyban1iqazﬁl&beeaapaiﬁgdﬁ@a'
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film807 above he S |on 4. an reglon source
i nt erconnect i oft éfs % FﬁFEFES ﬁe?ﬁ ﬁr@ntﬁggnﬁﬁénggﬁ
CLAI MBS 1.: Anshstare?ﬂﬂtcnmnpenea thenbtohlﬂaan in@en#alafeonuwmltedmua '
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in a mtrix of "prxels ri X pane I'sin
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: ’ T4 the thin-film transistor 705 is turned off to hold the
electric charge written into the liquid crystal layer 706.
During this off time the voltage of the drain region 707
chénges as indicated by 7101in_Fig. 7(b), and an effective
voltage indicated by a hatched portion is applied to the
ligquid crystal layer 706. At time T3 a negative bias cor-
responding to -VB relative to the potential on data line
703 is applied to the gate electrode. If a twist nematic
liquid crystal is used for the liquid crystal layer 706, a
voltage VD of 1 to 5 V is necessary. This reduces VB to 10
to 12 V and the gate voltage Vgs to =10 to -12 V. There-

- fore, a sufficiently low Iypp is required.

As will be appreciated from Fig. 5, the thin-film transi-
stor according to the present invention provides a suffi-
ciently low Igpp and, thus, enables the electric charge
written into the liquid crystal layer to be stably held.
Therefore, a liquid crystal display having a large contrast
and an excellent visual angle can be provided.



wherein said thin filmtransistor includes, a source region and a drain-
region to which inpurities are added, said source region in electrical oo
contact with said data line, a channel regi on forned between said source
region and said drain region, a gate insulayhng |layer forned above at Ieast
sai d channel region, a gate electrode forned above said gate insulating™

| ayer -and in electrical contact wwth said gate line, said gate el ectrode -
bei ng conprised of the sane material as said gate line, and an overlying
gate insulator formed on a top and sidewalls of said gate el ectrode and -

sai.d ‘gate |i neTHERBr EMBORIMENBVer | yi ng gate insulator is formed by anodi¢: :

oxi dation of said gate el ectrode and said gate |line and said overlying. gateihd,

insulator is located on_the top and sidewalls of said gate |ine_ and between:
sai-d ‘gate |inehabainafdlmatxansister Qﬁ?ﬁréibgstevérthb€§tPBh°@6m¢ﬁ§uP§te_f
sai d.gate |'netﬁéO?féééﬁtdih%ehtﬂénaﬁliﬁ'Hecéﬁﬁiaﬂﬁéd WwPER! réferencé. to
active qatrlxhgane in which data signals are supplied to Iiquid crystal T
| ayers: hroug %gpl rality of thin filmtransistors arranged in a matri x- of

pi xels;™ sald active matrix panel conpr|3|ng a gate line coupled to a. thrngh:w5

f In1trans sto dat a,l dto_s n film said’
Gath 11 no-cr okt (Bp0B; 18P ioablary ob meTent Bkl ool CORAREERE aaf8" -
wher ei'n: sai d tmﬂm,fahnStﬂgngatEoLnsulatﬂng falne&ﬂ%omd@caotantykumfga#ang a

our ce region, I d ..
lectrival com et erah 2050e0d EBFndatid! Ealf%Plor 0k Ty Pl Eer R el B0uy]

at | east said %ﬁaﬁﬂethﬁegﬁﬁﬁ of §b§efb¥§§t¢%h@d$@$%§d on said gate

i nswd at{ng layer and in electrical contact with said gate |ine, sai d gate--..
el ectrode being conprised of the_sanme pmterjal as aJd %Ete i ne

over | yi ng gat ¢¥Eul a8 oFPEPNER BiTa 86R) anthe; § E%?dgﬁgfeegec’ :
el ectrode and trdde 9808 isneubyeeﬁedlEowxmatmmysmwmtacmscibﬁdeoand

d I wh d d h_h
S S of e eE TndBideBP 665 S LERAn Fkfady Aber P bRl OBR0R"C
said gat'e el eghaxies honssad8 aver imphanyed einte uthe semicondattdr ohayer
top and'sidewglqs OfrSagh Gﬁ&egéweiﬁ&ﬂ'ﬂéiﬁ\‘jeﬂf&'é’oﬂ%f 1é0eifPfaniehd

data line at sald cross-ove
tion or hlgh-energy ion doping so as to form a source re-

gion 804 and a drain region 803 in'a self-aligned fashion.
Fig. 9 shows the relation between the anodic oxidation vol
':fg tage of tantalum and the f£ilm thickness of tantalum oxide.
The abscissa represents the voltage and the ordinate the
film thickness. The film thickness of tantalum oxide in-
creases in proportion to the anodic oxidation voltage. The
L3 film thickness can be controlled at a rate of 1.7 to 1.8
T m/V.

By means of the above manufacturing steps an offset AL
shown in Fig. 8(b) and corresponding to the f£ilm thickness
- indicated by a hatched portion in Fig. 9 is generated. The.
R offset AL can be controlled in a range from 0 to 450 nm by -
controlling the anodic oxidation voltage.

In the first embodiment, the anodic oxidation is conducted
. after implantation of impurity ions, and the offset AL can
.t bpe accurately controlled in a range between 0 to 200 nm. In



‘location to insulate said gate line fromsaid data |ine at said cross-over
| ocati'on. REPLACEMENT SHEET 19 JUL 1999 3. An active matrix panel in
whi ch data signals are supplied to liquid crystal layers through a
plurality of thin filmtransistors. .arrangeg4in a matrix of pixels, said.
active matrix panel conprising: a gate line coupled to a thin film '
transistor; a data line coupled to said thin filmtransistor, said data
line crossing over said gate line at a cross-over |ocation; and wherein
said thin filmtransistor includes, a sem conductor |ayer forn1ng a squrce
region, a chathel pregeot &hdrd amhodlmegtonhowaversoﬁh%eorégroﬂflhOn im-
electrical gﬁiﬁgnng?Bﬂ §ﬁhdaﬂ3h§clbﬁf?aﬂigﬁtﬁs'PéUéféé&gahéyehefQEEB@tOn

at |east sai regil on ate el ectrode formed on salg g%tgp&
i nsul ating | adBr cand ben contgol; inoat ¥anggi AATgerqthanetha gate
el ectrode be'fﬂr&ﬁ"&ﬁb&&ﬂm@httth&éE!oﬁBBGWhéh aamparddgﬁiﬁh|tné fapgtan

erlyi t I at d |
ol cctlofie ancewapdLnant, the NpLbngs: bebyean: Fhh SrceseieghfodelBbd, she and

said gate |Insramhefegaoaaaﬁdsenécvoneagenbendeenlﬂhdrgaueregeotreaehandve
a lateral off et di stanc e o] enk I

said gate ele ?oﬁguﬁﬁ %Egg hgﬁ gﬁ% agggs ?%gﬁggﬂgég ?era%gﬁﬁaékgéss
[err], of thenegatiyenyangeq caaubatﬁurthen1Eaduceﬂ,thbuadfﬂtthﬁrsiﬁéﬁﬁrls
of the gate %sﬂ‘a Offie! & a%cadu@sgat voLfaye! vag' ahlcraenby| Pdadidiag

i nsul at or, d over gate insu [ ocated on the to

si dewal’l s of Eefg ﬁEPECEhENUaSHEE$ negghivelynbiasedpHaRen, sthe gﬁ%@ “ine

and. sai d dat afimetﬁanga&séoer a&&oPdehy! esathenpfeseﬁﬁ uiﬁveneﬁbﬂ eaheatl.sbe
fromsaid data |ine sai d crQss

0 0
panel accor di B8 ?BPEFﬁgnF? aﬁgﬁgﬁnmegrax gYBe aéﬁP}ﬁﬁﬁ ?g gﬁ ﬁﬁs gpfc
tant al um andtyberﬁhﬂcharéqnieel;lnggneredrmvelubmtagenphenedoesnmnl&ype

oxi de forned PX QJg%%Qlefgisplay device.

LA

The phosphorus ions after having been implanted are activa-
ted by argon or excimer laser irradiation or by ramp an-
nealing so as to reduce the resistance of the pdlysilicon
forming the source region 804 and the drain region 803. It
is desired that this activation be conducted in a short
 time. Activation which requires a long time, such as heat
annealing, diffuses the implanted phosphorus ions into the
semiconductor layer 802 and, thus, effectively reduces the
offset AL. '

Finally, as shown in Fig. 8(c), contact holes 811 and 812
are respectively opened in gate insulating £ilm 807 above

 the source region 804 and the drain region 803, and a
source interconnection 810 and a drain interconnection 809
are then provided.



‘surface of said gate el ectrode to anodi c oxidation. 5. The active matrix
panel according to claim2 wherein said gate electrode is selected fromthe
group consisting of tantalum alum num and ni obium-and said overlying -gate
insulator is respectively an oxide of tantglgumif a tantalumgate el ectrode

is selected, an oxide of aluminumif an alum num gate mﬂl“ﬂ‘ﬂﬂmct ed
and an oxide of niobiumif a ni obi um gat e el ectrode |sfunnn )
active matrix panel according to claim3 wherein said sdur €e Yed?on and
said drain-region are formed in a self-alignment manner. 7. The active
matri x panel eLAFMSi:ng to claim6 wherein said gate insulator electrode _
prior to anodic oxidation functions as a self- alignment mask to formthe .

source region and the drain region. 8. The active matrix panel according
to clai'm 6 wherein said overlying gate insulator functions as a R

el f -al t KAt O of ae draj A
REPLAGENENT Srery Lo TR 180 tiaReistod (ABTuifs b EONAReter

suppl i'ed to | Lawed dAP2uall03ayd04)t bayige a pmrftapnt doped; withs impuri-
transistors a{:iaagea k;'&t% rieisuﬁtqfngpﬁqhs (merl)daaat hVQa'E&t b'lécl&i'we -

| d t AN 9 line
coubl ed Lo safl 0BhsnoharRdtazized 4 tat the SurPREe.Phs EhA SBYE: <LbGr
gate line at eroae311oser1hoemwe&ed aﬁthwhar&nsu&atdrtansblhndlsadd:ﬂnﬂ
l.ud d,
;gfdusgﬁrce r§§Fo§ %ﬁggﬁbéﬁggdaﬂ%ég ch?ghf?ﬁhgawgaggFggF#% 5:.gtichag’réllle
reglon f.or nedfvomwthe gat@:aman¢E0dengn5an&wsaldistanneregnoﬁal&ngaNQ
 nsul aving | aygr ngﬂ%ﬂa@gt@fﬁgkﬁaama@gd&h%apa' 1hedhaBora (9865 6! ectrode

formed on said gate insu yer and in elecirical contact with said
gate line, said gate el ectrode being conprised of the same material as said

gate line, and an O!Gr&Kbn&hﬁﬁLQilﬂsEkahQ&sEBE”E&ceﬁdﬁnﬁoﬁoa&iaihﬂQWﬁ||S of
sai d gate el ecirode and said gate i,d over|yi

hsul Stor | 5 PORRBELEFiaRaINE SRRtaEPIA BPPed: BOERLENCIL08) odd4Ing
gate Ilne by samh¢bngu&mo&nQdyero&sdepaeadvﬁhbngtheugateheuectrode (105)

by 100 to 200 nm.

3. The thin-film transistor according to claim 1 or
2, characterized in that the gate electrode (105) is made
.of tantalum and said insulator (106) is made of tantalum
'oxide formed by subjecting the surface of the gate elec-
trode to anodic oxidation.

ﬁl'{f_ . 4. The thin-film transistor according to any of the
. preceding claims, wherein the semiconductor layer (102,
103, 104), the gate insulating film (107) and the gate
electrode (105) with the surface thereof covered with said
insulator (106) are formed one on top the other.

5. The thin-film transistor according to claim 4,
wherein a further insulator (614) of tantalum oxide is for-
med between the gate insulating film (607) and the gate

electrode (605).
—
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t he thlckness of the overlylng gate |nsulator I ncreases in proport|0n to
the applied anodi c oxidation voltage to forma contrdlled predeterm ned

t hi ckness wherein the off current, | OOF, characteristi ml“lmﬂﬂ Im Cl'll I'm

transi stor when applied gate voltage is zerpgor a nega
substantially a | ow steady - state value, said source r*eglconLan

drain region each having a lateral offset distance, AL, from each of the
adj acent sidewal | s-of said gate el ectrode, and said overlying gate
insulator is |ocated on the top and sidewalls of said gate |ine and between
said gate line and i cA deethod nef mamufactuning @ dhimdiimtrans istont e

said gate lin said cross-over |ocation: 10. The
oo acc% gﬁng 4t:olp% é:

active matri x pare l'ai'm9 wherein said gate el ectrode is

conprised of tantal FRXIERY vihcsenicondurtarrlayery @02 103 M) compgates
tant al um oxi deirféi{f@@iﬁq_ Fibh eELoTP AP &Y€ e ictiBdl Jald5 e AEtéOgEeh o

anodi ¢ oxi.dati on he active matri x panel according to cI aim9 wherein
sai d gatye el e®&rode is selected fromthe group consisting of tantalum
al um num and ni obi urBcansliregial sowRrdey ivEy gt e(108UlaAid R idraies pegiorl y an

oxi de of tant u le t ed, i
al um num i f aﬁjl;b[?t? brﬁré‘gi}(@ cﬁ&%ﬁ ocfg Iésé%%cﬁ ct‘é'gig %'artsdcst)("l %fQ%ObI um

i f niobium ga@ﬁmﬁmd@?@eﬁh@ts&ﬂf-ﬂllqmmmmm msmmrtﬂte igatdi ch
data signals Rty f’l % déé“ﬁchféﬁ/s%ﬂ gl ayers through a plurality of

thin f|Imtran5|stors ar a matTi x of pi xel' s, said active matrix
panel cgnprising: afprming mn dagHatan (A6 rbe iaxidizdng $he surface

REPLACEMENT SiggEthe Gt éfddeddde cug) ed to said thin filmtransistor,
said data line crossing over said gate I'ine at a cross-over |ocation; and
wherein said thin filmtransistor includes, a sem conductor |ayer form' ng a
source regi on and a7dr & meﬂgi@mﬁ;maﬂrﬁauj:dﬁw lal thE n-rdin crangistors or

acceptors %%%% s{ﬁaﬁéﬂgfégég¥1g§gween sai d source region and said
R forming a semiconductor layer (802), a gate insula-
ting film (807) and a gate electrode (805) in sequence,
' forming an insulator (806) by oxidizing the surface
of the gate electrode, and .
' 'forming a source region (804) and a drain region
(803) by adding donor or acceptor impurities to the semi-~
conductor layer in a self-alignment fashion using the oxi-
dized surface of the gate electrbde as a mask. '

8. The method according to claim 7, characterized in
y ‘that oxidizing of the surface of the gate electrode (805)
is done by anodic oxidation. ' :

9. The method according to claim 6 or 8, characteri-
zed in that the voltage used for anodic oxidation of the
gate electrode is between 150 and 250 V.

Sheet Has Been Tlaced
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drain region, a gate insulating |ayer fornmed on at |east said channel
region, a gate electrode formed on said gate insulating layer and -nv.. -
el ectrical contact with said gate tine, said gate el ectrode being conprised
of the same material as said gate |ine, and an overlying gate insul ator '
formed on a top and sidewal | s of said gate el ectrode and said gate |line,
wherein said source region and said drai t% egi on each have a | ateral of fset

di stance, AL, from each of the _agdjacent sidewalls of said gate el ectrode
which is equalAgézgéﬁébgﬁéﬁhﬁﬂgﬁéﬁé§§¥£Fb#£Fﬂéeﬂlﬁhe overlying gate

insul ator fromeach of the adjacent sidewalls of the gate el ectrode to an
adj acent sidewall of the overlying gate insulator, and said overlying gate
insulator is |located on the top and sidewalls of said gate |ine and between
said gate |line and sai d dat a THIN~EILMJTRANSDSTOR\VAND| ocation to insul ate
said gate line fromsaid da j ' i I ocati on. REPLACEMENT
SHEET=19 JUL 1999 22 13.Eﬁqﬁgﬂgg@#bgﬂ%§?$¥§ﬁ%gﬁ§f&gtcording to claimi12
wherein said gate el ectrode i.s conprised of tantalum and wherein said
overlying gate insulator conprises tantalum oxide fornmed by subjecting the
surface of said gate,el ectrqde :to_anodi c oxidation. 14 The.active matrix -
panel accor di n§°t BCBLEVR B2 1RKERe Tond 2oeFy &l 19 of; polibipstidme "88Sfom
the group consgsgérpganf offset! (AL)dbetween thé gatk elezttode (106 landg -

gate imnsyl ator _is_respegtivel.v:an oxide Qf ,ta um.i f nt.al pm.ga
Oectroge ts cabirFEARg, akRih 2hatihe” Tos. "10%) Tk briviagle & WAy,
is sel ected anbeadonei by Gbrmingi sourtceaandodiraingregiohscinodesed f-
sel ected. 15. t] tEd: n tm.1 rein sakd Latenal.q.
ofteet i stancaligped; hindl b (AR TnolantaliBh GeiliG) €hE 5ALE elkBitoae
el ectrode. 16.asTaemaskiyFhereafkepatbe ghtel gleactsodme(30R)sisdsybhiected

el ectrode is sed) grbdAYc! Bx3ABE I ENOKNEIA! ¥BAtAedrifibiAge bR 1Bot B8 RBROE Of
bet ween appr oxi mat e achieving a |ateral offset distance,

ly.150 V to 250 h
P o P41, BRi RELEPE {859 LRE: $09050nAPO Km-



. pa accordlng to cIa|n112 wher ein sald overlylng
gate i nsul ator functions as a self- alignnent mask to formthe source region
and the drain regi on. REPLACEMENT SHEET 18. An active matrix panel in
which data signals are supplied to liquid crystal layers through a
plurality of thin filmtransistors arranged in a matrix of pixels, said
active matrix panel conprising: a gateflfffhe coupled to a.thin film -
transistor; a data |line coupled to said thin filmtransistor, said data
| ine crossing over said gate line at a cross-over |ocation; and wherein
said thin filmtransistor includes, a first thin filmregion and a second
thin filmregion fornmed on a surface of a first -substrate, a sem conductor
| ayer formed on a surface of said first substrate between each of said
first and second thin filmregions and on a‘surface of each of said first
and second thin filmregions, a gate insulating filmforned on a surface of
sai d seni conduct or layer, a gate el ectrode. forned above said gate
insulating filmand in electrical contact with said gate line, and an
overlying gate insulator formed on a top and sidewalls of said gate
el ectrode and said gate line, wherein said sem conductor |ayer forns a
channel region-and sai d sem conductor |ayer and said first and second thin
filmregions forns a source region and a drain.region each haV|ng a |lateral
of fset distance,” AL, fromeach of the adjacent sidewalls of said gate -
el ectrode.which'is equal to or Iﬁes thiPLa | ateral thickness, [err], of the
overlying gate insul ator C from each of the adjacent '
si dewal | s of the gate electrode:f- an-agfecent S|demall of the overlying
gate insulator, and said overlyirg gate}insyl 55 is located on the top and
si dewal I s of sald gate line and tefrF $ai (3 e line and said data |ine
at said cross-over Iocat|quKD itns gate.lﬂide fromsaid data |ine

at said cross-over- HCE)“ 108

&

y ST g’b
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19. The active matrix panel -according to claim18 further conprising a .
first insulating filmformed on a surface of said gate insulating film and
between said first and second thin filmregions. 20. The active matrix
panel according to claim 18 wherein said gate electrode is selected from
the group.consisting of tantalum al um nugy4and ni obium and said overlying
gate insulator is respectively an oxide of tantalumif a tantalum gate

el ectrode is selected, an oxide of alumnumif an alum num gate el ectrode

is selected and an OXIde of nfiobjum j a_niobiumagaate electrode is
selected. 21. A nethod of f At ur\ng B asy i Wi XNpgnel in which
data signals are supplied to Nigui ANcrystal\] aysrs X a_pluegig y of
thin filmtransistors ar i m\a Mt rix of\pi Xel s, I Neg and dat a
| i nes bei ng coupl ed 884ach t{fitq f Num tRanskst o Qi d et Mod conpri sing
the steps form ng a sem conduq O a subs{rate; ™NQrinng a gate
insulating filmon said sem (g Qyen, RERLAS NEET 19 JUL 1999
25 formng a gate el ectrode dn- instNatNgg N Im\and a gate line in
el ectrical contact with said igd s oy, S | ™Nanesys|y creating an
overlying gate insgﬁggfr n itep-fand Gi-ddwabls D{ Su{d watle el ectrode and
said gate line by o aat | Grret-rdai Pat B\ ehdct rade Ynd said gate
line;” form ng a source mgéﬁ "'E"q,n [T ONN N sai d\sgm conduct or

| ayer by addi ng |npur|t| As @neas;cm_@mmmgans_xSLﬂg_§ald

overlying gate insul ator as %gselT al1 gnie masK wWher ernm garad sour.ce
regi.gn and said drain region ®ach haye a | aferal offset, AL/fromthe
sidewal | s of said gate el ectrode; gmﬂaforqgggga data |ine g electrical
contact with said source region and crossing over said gate |ine at a
cross-over |ocation, wherein said overlying gate i nsul ator is |ocated
between said data |ine and said gate | {ng \t said cross-over location to
insulate said data line fromsaid gate line. 22. The nethod of claim?21
wherein said gate electrode is conprised of tantalum and wherein said
overlying gate insulator conprises
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.204 206 003 207
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“tantal um oxirde. 23. The nethod of claim21 wherein said gate-electrode is"
sel ected fromthe group consisting of tantalum al um num and ni obi um 24.
The net-hod of claim 21 further including the step of continuing the
creation of said overlying gate insulator to the extent wherein an

optim zed offset, AL, wherein the maxi num|ow OFF current, REPLACEVENT
SHEET 19 JUL 1999 26 [err], is achrgzgd with the Iargest [err] ratio, -
said offset, AL, conprising each | ateral spatial separation between a '
sidewal | of said gate electrode and an edge of said source region and the
lateral spatial separation between a sidewall of said gate electrode and an
edge of said drain region. 25. The nethod of claim 24 wherein said gate _
el ectrode is subjected to anodic oxidation.at a voltage within the range of
bet ween approximately 150 V to 250 V achieving a lateral offset, AL, in the
range of - approximately 100 nmto 200 nm 26. The nethod of cIa|n121 o
wherein the-gate insulating filmis forned by thermally oxidizing a surface
of semi conduct or- llayer. 27. The nmethod.of ¢laim2l wherein the

‘'sem conduct or | ayer is- polysiti-serrteyer—fuormed DyTgeconpo: i ng nnn03|lanel

21 wherein . the sem condug¢tor layer i$ a polysilicon layer fofmed by first -
form ng an -anor phous silijcon llayer apd anneal ing the anDrpho s silicon

| ayer at a tenperature mnthln the rapge of about [er
to 40 hours. 29. The & fod of claln¥21 wher ei

a polysilicon layer forngd by first florm ng
|rrad|at|ng t he anor phoud silicon layer wt
27 30. The .nmethod of ¢l aijm 21 wherein the
a surface of thetsenic ductor |ayer iy

S

gas in a tenperature o ?Bout[err], using LPCVD. 28. The n#thod of clalm

e sem condyctor |ayer is

{~anor phous silifcon | ayer  and

‘a -l aser. REPLACEMENT SHEET

ate insulating filljmis fornmed on
plasma CVD at a -
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tenperature of about [érr]:or less. 31. The nethod of claim 21 wherein the
source region and the drain region are formed by inplanting phosphorous
ions into the sem conductor |ayer through the gate insulating film 32.

The net hod of claim 31 wherein the inplanted phosphorous ions are radiated
with a |laser to reduce the resistance level, in the sem conductor |ayer. 33.
A nmet hod of manufacturing an active matrix Hfel in which data signal are
supplied to liquid crystal layers through a plurality of thin film
transistors arranged in a matrix of pixels, gate lines and data |ines being
coupled to each thin filmtransistor, said nethod conprising the steps of:
form ng a sem conductor |ayer above a substrate; formng a gate insulating
fil mabove said sem conductor |layer; formng a gate el ectrode above said
gate insulating filmand a gate line in electrical contact with said gate
el ectrode, said gate electrode and said gate |ine conpri-sing a netal;
oxi di zi ng an exposed peripheral portion of said netal of said gate :

el ectrode and said gategglggigo S|nultaneously form an oxi.de of said neta
on a top and sidew te—etectrode—amd—Sar o gare 1} ne, said

oxi de havi ng outer~5|demalls REPLACEMENT SHEET adding inmpurity ions
into portions of said senlconduE:or | ayer with said gate el ecfrode and sai.d

oxi de acting as a Mask in orderfto forma pair of inpurify rejgions with

opposi ng i nner edg izﬁigtﬂgj conductor |ayer. whergdn said opposing
i nner edges of sai & sem . tpr I-ye aye determ ped iy sAid outer .
sidewal | s of said @xide; and fofm Mg«@ dadta/ i ’ f contact with

one of the pair of Qnpurity regj ons amsddcrgssi pver/saifl gdte line at a
Cross-over Iocatloﬁ' wherein sajd oxi de "\ dcatgg T We gaj d data |ine
and sai d gate I|ne<at S?Bq;ﬁ£9 sk-over | ocati R, i e/saj d data |ine
fromsaid gate |in® et hod of claim 33 : he/pat e

i nsul ati ng filmisYforned by thermally oxidiziAg a pf] t he
seni conduct or | ayef. 35. The ngethad of claipf34 whepRidq t e sem conduct or
| ayer is a poI¥S|I|con Iayerriorned by first/ form ng an .w-rghous silicon

‘nm) 200U
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|'ayer and irradiating the anmorphous silicon layer with a laser. 36. The
net hod of claim 35 wherein said inpurity ions are phosphorus ions S
i npl anted into the sem conductor layer. 37. A nethod of manufacturing an:
active matrix panel in which data signals are supplied to liquid crysta

| ayers through a plurality of thin filn1trag§h;tors arranged in a matrix of

pi xel s, gate lines and data |ines being couplled to each thin film

transi stor, said nethod conprising the steps of: form ng a sem conduct or

| ayer on a substrate; REPLACEMENT SHEET 29 formng a gate insulating
filmon said sem conductor layer; formng a gate el ectrode on said gate
insulating filmand a gate line in electrical contact with said gate e

el ectrode; subjecting said gate el ectrode and said gate line to anodic . = -
oxi dation to simultaneously forman overlying gate insulator on a top and. ‘=
sidewal I's” of  said gate el ectrode and said gate line; formng a source. - . ..~
regi-on-and.a drain region in said sem conductor |ayer by high energy ion.-: =.
dopi ng into said sem condpctor laver through said gate insulating filmby.:
usi ng sai d overlying gat& ffnsulfator as|a self-alignnmenl mask, {herein said.
sourceregion and said drailn regi on ea¢h have a lateral offset AL fromthe
sidewal | s of said gate el e¢trode whichjis substantially equal o the . =~

| at eral. thickness AL of th¢ overlying gate insulator; and f Ing a data |
line inelectrical contag fwith said sgurce region over said
gate line-at a cross-over lfocation, wherein sai g~6verlying gat¢ insulator

is |located betweellsaid daja |ine and gai d ga line at said cfoss-over =~ . |
Iocatioh[to'insufgie said gata line fromsaid gate line. 38. The nmethod of .
claim 37 wherein said hi%p ener gy dopi fg is/perfornmed by using{phosphorus
ions. 39. The nmethod of~dl & e radi ated

_ m 38 whereffn t e phosphorus ions
with a |aser to r&duce thetresistance ieve in the sem conduct ¢r |ayer
40. A nethod of manufacturing an activ trix panel in which data
| o |
o ~-g + i
kSN .
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signals are supplied to liquid crystal layers through a plurality -of thin
filmtransistors arranged in a matrix of pixels, gate lines and data |ines
bei ng coupled to each thin filmtransistor, said nmethod conprising the
steps of: formng a sem conductor |ayer above a substrate; formng -a gate
insulating fil mabove said sem conduct or Iaﬁé/? forming a gate el ectrode
above said gate insulating filmand a gate line in electrical contact with

said gate el ectrode, said el line conprising a

met al ; oxi di zi ng an exposefl p riiheral portion of said betal of said gate
el ectrode and said gate Ii o ¢ mul taneously form an ¢xide of said netal
at | east on a top &EHIS| s df said_¢ht edbl ectrod d said gate |ine,

sai d oxi de having outer Si |1d; add@Rg[Tmpurity io§;T2ﬁrOEHB i ons of
sai d sem conductor |layer ih oyder{ to for 'aeil i4 of inplirity regions wth
opposi ng inner edges. in s eniq$ lyict of I @ , _Wherefn said opposing
i nner edges of sai -d@gl@j condugt or, yer rsqlg riyilnkd py said outer :
sidewal | s of said oxl de, d A Mo i hgglaptrical contact with
one of the pair-of inmpuriX\lynNlkqgi @¥s and €fogsiing ery shid gate line at a
cross-over | ocatidnhA wher > i - tween saiadata line
and said gate line dL sai df]¢ ] ifsul pt e sai ta line
fromsaid gate |ine. — " 2L[CTHE et Hed "of | I i ieTEiTm-satd gate
el ectrode is co rLgﬁg_éi tiant-attun {and wWer gl ¢ de conprises -
tant al um oxi de for by sjubjecting the syrf —Said gate el ectrode to
anodi ¢ "oxi dati on. 4§tkjhe metfhod of fc] ai M40 wherein said gateAgbgptrode is
S

S OVaAT T ToGRT

conpri sed of tantBl um¢_al Um_ num or_nibbi bmand_sal d_oxi de 1sfrespéctively
an oxi de of tantal um-\aFurh Adm-or—niobi-um-- 43.— - The-thi-a-tidda.dransi stor ~ of
clai m 40 wherein sai d gapg eliett 16427175 "SUD] ECT &Y *r O~ aANOTT, T ~gXi Eqﬁs at a
voltage within the rang legetmeen approximately 150 V' T0 0 V. 44,7 The
met hod of Clai”‘4Q%Wg§ N id gate el ectrode and sai d oxi¥e E?S a mask
in order to formsai*d“pair of inpurity {&ﬁigns. 45. A nethod

manuf acturing an active matrix panel in [

liquid crystal |ayers through a plurality of

h data signals are supplied to
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3

thin filmtransistors arranged in a matrix of pixels, gate lines and data~ -
| ines being coupled to each thin filmtransistor, said nmethod conprising’ '
the steps of: form ng a sem conductor |ayer on a substrate; formng a gate
insulating filmon said sem conductor | ayﬁ; form ng a gate el ectrode above
said gate insulating filmand a gate liné‘in electrical contact with said
gate el ectrode; formng a source region and a drain regyggniin said
sem conductor | ayer by adding_ inmpurjties therefo as dmlogfs or acceptors
using said gate el ectrode as|fa self alignnent mask; ° 2 sinultaneously
form ng an overlying gate insulfator on.,a top anfsi dewal | s of said gate.
el ectrode and said g4teq [7i(hg by azgj'_c oﬁr i 0 f seJ8Bgate el ectrode and
said gate line to redu e'thQ)_di me gns.o_ sqi dj gat’e el ectrode and said -
gate line and sinultanqousty-Tt AJater L Or Tpey, AL, fromsaid source.
region and said draif rijegi on t Q.1 i az%iﬁ 0 id gate electrode; and =
forming a data line inielectriq zght gct- wiph pai d $ource region and
crossing over said gat IJ( e.at \x cifosg-overflogati gff, wherein said =
overlying gate insul atdr éﬁ&at ed Hatjween sgiﬁ dataQ@ine and said gate ,
line. at said cross-oyerf Tocati pn ko injulate sajdidata |line fromsaid gate -
| i ne. 46.- The et hogj df cl ai m<45 wher di  d | ectrode is conprised
of tantalum and whejeiin said Jover‘r%ﬂnq gat egi npgul at®r conprises tantal um
o

¥

oxide. 47. TR&dethdd |of claim 45 dherjein shidf gate[el ectrode is sel ected
fromthe group co iti ng of tantal ur@ jal umi nGm and nGobi um 48. The

met hod of cl aim 45 wyefein sai d gate el'ectrode 1s subjected to anodic
oxidation at-a voltage within the range Qf between 150 V or 250 V,
achieving the |l ateral offset, [err], @a range of 100 nmto 200 nm 49. Th-
met hod of claim45 wherein the gate insulating filmis formed by thermally
oxi di zing a surface of the sem conductor | ayer. 50. The -nethod of claim
45 wherein the sem conductor |ayer is a

| N I
70Q

Q| 710

];w ';/7/7;7/

[

\'4:}

i

T1 T2~ T3 _T‘4
(b)

TG F



ponS|I|con Iayer forned by deconp05|ng nonosil ane gas in a tenperature of
[err] using LPCVD. 51. The method of claim45 wherein.the sem conductor

| ayer is a polysilicon layer formed by first form ng an anorphous silicon
| ayer and anneal i ng the anorphous silicon ugggr at a tenperature within a
range of [err] to [err] for 5 to 40 hours. The net hod of cl aim45
wherein the gate insulating filmis forned ? surface of the

sem conductor | ayer by ECR plasma CVD at,/a tenperature of [err] or |ess.

53. The nethod of claim45 wherein rce region and the drain region
are formed by inplanting phosphoroud/ to the sefiocpnduct or. | ayer
through the gate insulating film 54. t hod of{ cl ai m 53 wherein the

i npl ant ed phosphorous i on
resi stance level in the js€ aSamc
claim45 wherein the ov 5? ulator
t hi ckness, AL, which is great er. than 2 | at eraI offset'\ALg@p. - The

met hod as defined in clar +ng the overlying
gate insul ator by anodic OX|dat|on decr eases the mndth of the gate

el ectrode by about tw ce the Iateral(ﬁ 3ﬁ 34 57. A nmethod of

manuf acturing an acti've matrix panel ich data signals are supplied to
liquid crystal layers through a pIurallty of thin filmtransistors arrarnged
ina mtrix of pixels, gatie |ings andjdata qlnes ei ng coupl ed to each thin
filmtransistor, said net%od cozpr|5| g the step&ﬁfornl g ? t silicon
thin~filmregion and a second silicon thin filmregion on a lﬂ

10 reduce the
et hod as defined in
|s formed| having a lateral-

ace of a -

substrate; form ng a sem conductor._layer on the-sdfce of the substrate
between said first and s ogg t hi i fllntregyﬁns form ng a gate insulating
filmon a surface of sai muuaﬂhmifw Iayerq/LOJ&OBg a gate el ectrode
above said gate insulating filmapd apgark life in el egtria@l contact with
sai d gate el ectrode; -|ngjant|nd TONS 1 Nio saatrrstand second thin film
regi ons and said seni cof (e Gasedi nsul ating film
usi ng
S0 ¢ 8§03
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said gate electrode as a self-alignment nask to forma source region and a

drain region;

si mul t aneously subjecting a surface of said gate el ectrode

and said gate line to anodic oxidation to reduce the dinensions of said
gate electrode and said gate line to forman overlying gate insulator on a
top and sidewal|s of said gate el ectroffsnd said gate |ine which

simul taneously forns a | ateral

of f set,

AL, from REPLACEMENT S

HEET 35

said source region and said drain region to the sidewalls of said gate

el ectrode; and forming a data Ii

region and crossing over said gate line at a cross-over
is located between said data |line and said

| ocation to insulate said data line fromsaid
The nmethod of claim57 wherein the gate el ectrode .i.s

sai d overlying gate i nsul at or
gate l-ine at said cross-over
gate line. 58.

contact with
| ocat

ne in electrical

sai d source
i on, wherein

sel ected fromthe group consisting of- tantal um al uni num and. ni obi um 59.
The met hod of claim57 wherein the gate insulating filmis fornmed by

thermal |y oxidizing the

of  the seniconductor |ayer. 6

of .claim 57 wherein the sem con
by first form ng an anDrphous-s
silicon layer with a |aser. 61
t he overlylng gate~nsul at or -
which is greaterXhan thg] t
claim57 wherein step o
oxi dation decrea
| ateral offset,
step of fornlng first :
filmw th said ggie elecéfzﬁ )
film :

rr]. 63. The

(nm)ZOO

100
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the width off.

titng fi-lmon a
¢rnmed on a surfac

uctor layer is a polysilicon
licon layer and irradiating t
The nethod as defined in cl
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oHfARITAAN M2,
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0. The nethod
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di m 57 wherein
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