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TBZN-FZLM TRANSZSTOR ABD 

llBTHOD FOR HARUl'ACTURZBG Z~.;1 

The present. invention relates to a thin-film tr~risistor 
which is employed, for example, for active·matrix type·li­

quid crystal displays or memory integrated circuits. 

In the.document "JAPAN DISPLAY" 86, 1986. pages 196 to 199, 
a structure of a conventional thin-film transistor is 
disclosed. A plan view and a sectional view of this kno'tin · 
structure are schematically shown in Figs. 2·{a) and (b) , · 
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 2·01 made of glass, 

quartz or sapphire, a source region 202 and·a drain region 
203 which are polysilicon thin films doped with donor or 
acceptor impurities. A data line 204 and a pixel electrode 
205 are in contact with the source region 202 and the drain 
region 2.03, respectiV'ely. A semiconductor layer 206 which 
is·~ polysilicon thin-film is in contact with bOth the up.­
per surface of the source region 202 and.that of the drain 
region 203, and extends between these regions· 202 and 2o3. 
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 1rom p~o­
blems that will be explained with reference to Fig. 3. 

Fig •.. 3 is a graph showing the characteristic of drain cur- ;; 
rent Id against gate voltage Vqs of a thin-film transistor ':Lf 
structured as explain~d with reference to Fig. 2. In Fig. 
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3, the abscissa represents the gate voltage Vgs and the or­
dinate represents the logarithm of the drain current Id~ . 
The characteristic shown is that of an N type thin-film -
transistor whose channel length and channel width are both· 
10 µm and which has a voltage of 4 V applied between source 
and drain. The drain current Id which flows when the_ gate 
voltage Vgs is negative-is designated as IoFF' and the 
drain current Id which :flows in the gate voltage Vgs is po-. 
sitive is designated as IoN· With a polysilicon thin;_film · · 
transistor the drain current Id is minimum when the . gate . · · . 
voltage Vgs is around · o V. At a negative gate voltage Vgs ·-a · 
Hall current flows increasing IoFF and, thus, great~y ~edu­
cing the ratio· IoNliopp• Hence, when such thin-film· trans! ... ·. 
stor is applied to a~ active matrix type liquid crystal 
display in which the gate voltage is decreased to a nega­
tive value when electric charges accumulated in the: liquic( 
crystal layer are held, sufficient holding of the electriq 

. I 

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 exh-ibiting:_ 
a large IoN/IoFF ratio. An object of the invention is fur-:· 
ther to provide a method for manufacturing such thin-film 
transistor. 

These objects are achieved with· a thin-film transistor ac­
cording to claim l and a: method according to claims 3 and 

.-',') 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-· 

.•. 



·.-:-

3 

tion, specific advantages achieved by the invention are.as 

follows: 

By providinq an accurately controllable offset between the 

gate electrode and each of source and-drain reqions, a 

thin-film transistor having a sufficiently· low IoFF can be 

provided. 

Application of the thin-film transistor according to the 
- } present invention to an active matrix display.of an EL or 

DDLC type which requires a high drive vol.tage, provides a 
plane display having an excellent display quality. 

Application of the ~in-film transistor according to the 

( present invention to an active matrix type liquid crystal 

display greatly reduces short circuit defects and, thus, 
. provides a liquid crystal display havinq an excellent dis­
play quality. 

Since a simple process of anodic oxidation allows for an 
accurate control of the s~id offset, the equipment for ma­
nufacturing the tbin-f ilm transistor is· not costly and so 
the :production cost of a liquid crysta·l display is de­

creased. 

Pref erred embodiments of the present. invention will. be de­
scribed below with reference to the drawings, in which: 

Fiq. 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 lenqth, 

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-

·:_:, 
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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-

) tional thin~film transistor, 

' J 
-~ 

Flg. 4 is agraph showing how the film. thickness of t~nta­
lum oxide changes with changes of the voltage· in 
anodic ·oxidation of tantalum, 

Fig. 5 is a graph:showing. a characteristic corresponding 
to that of· Fig. 3 of a thin-film transistQr accor­
ding to the pre·sent invention, 

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 Fiq .• 
6(a), respectiv~ly,. illustrating an active matrix 
type liquid crystal display substrate to which the 
thin-film transistor according to the present in­
vention can be applied, 

Fig~. 7(a) and (b) ·snow .an ·equivalent circuit of the a·ctive 
matrix type · liquid crystal display a.nd a drive· sig- ' 
na1 waveform, respectively, 

Figs S(a), (-b) and (c) are· cross sectional views showing 
different manuf~cturing steps of a thin-film tran­
sistor accordinq. to another embodiment of the . pre.-· 
sent invention, . and 

Fiq. 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. 
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FIRST EMBODIMENT 

Fig. 1 is a cross-sectional view of a thin-film transistor ··. ·' · 
accordinq to a first embodiment of the present inventi,on. 
The section· is taken in the direction of the transistor's 
channel lenqth. 

. . . . .. ·. . . ~~ 

on. a substrate 101 made of glass, quartz, a ceramic or si- . · 
licon there is formed a 25 nm thick .polysilicon layer. This 
polysilicon layer comprises a portion 102 forming the tran~ 

sistor•s channel reqion, a. portion 104 forming its source 
region and a portion 103 forminq its drain region. -The po­
lysilicon layer is preferab_ly formed by decomposing mono~:d- · 
lane qas 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 siliccm 
by sputterinq or plasma CVD which is then heat treated at a 
temperature ranqinq from 5S0°C to 600°C for 5 to 40 hours 
to convert the amorphous silicon to polysilicon. _Amorphous . 

silicon may further be made to polysilicon by irradiatinq 
it using an argon or excimer laser. 

Next, a gate insulatinq film 107 ~f sio2 is formed to a 
thickness of 150 nm by_ECR plasma cvo. ECR plasma CVD assu­
res formation of fine Sio2 having less traps at a low tem­
perature of 100°c or below and is optimal· as the qate insu­
lating film manufacturing method. The gate insulating film 
107 may also be formed by thermally oxidizinq th~ surf ace 
of the polys~·licon layer. ( 102, 103 ·and 104) in a oxygen at­
mosphere of 1100°c. 

on tpe qate 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-

·· ... 

,• :··..::·.:;, .. 
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planted into the polysilicon through the gate insulating 
film· 107 at a dose of 3 x 1015 cm-2 and an. energy level of 
120 keV so as to form the source region 104.and the drain 
region 103 in a·self-alined· manner. If phosphorus ions.are 
implanted by the ion implantation, an N type thin-film 
transistor will be obtained. ·Implantation of boron· ions 
provides a P type thin-film.transistor. If the type.of im­

planted ions is seiectiv~ly changed using a photoresis-t; or 
the like, a CMOS type.inverter circuit ~an be readi1y: ob­
tained. 

·After implantation, the implanted· phosphorus ions are.ir­
radiated by an arqon or excimer laser and thereby· a~tivated 
to reduce the resistance of ·the polysilicon in ~e source 
region 104 and the drain region 103. 

Subsequently, an insulator 106 of tantalum oxide is formed 
on the surface:of the_qate electrode 105 by anodic oxida­
tion. Fig~ 4 illustrates how the thickness of the tanta1um 
oxide and the tantalum, respectively, changes with· chanqes 
of the voltage u·sed 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 ~xide increases in proportion· to the anodic oxidation 
voltage. The fi_lm 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. 

As a result of converting a surface region of the tantalum· 
gate electrode . 105 to tantalum oxide insu-lator 106:, . an off-· 
set AL corresponding to the film thickness indicated by ·a 
hatched portion in Fig. 4 is generated. As shown in Fiq.· 1, 
the_. offset AL ·means an:. additional distance between ·the . 
edges of q~te electrode·1os and the edge of each of ·source 
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and drain reqions 104 and 103. Anodic oxidation at a vol­
tage of 250 V generates an offset 4L of 200 nm. It is pos­
sible to accurately control the off set AL by controlling 

-~~-
''·'' 

the anodic oxidation voltage. The upp~. limit of the anodic .. ~ 

oxidation voltage applied to form the tantalum ~xide is the 
highest voltage the· formed tantalum oxide can resist, which · 
is about 250 V. Hence, the off~et 4L can be controlled to .. · 

· any value between o and 200 nm. 

Finally, contact holes 110 and 111 are opened in the insu­
lating layer 107 above the.source region 104 and the drain 
region 103, and a source interconnection 109 and a drain 
·interconnection 108 of an alloy of aluminum and silicon are 
respectively provide~ in the contact holes 110 and 111. 

The effect of the offset AL in the thin-f·ilm 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
ti~~ly constant for negative values of the gate voltage up 
to around o v. That means IoFF is greatl.y improved. ION' ·· · 
that is the drain current for positive gate voltages, is 
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substantially the same as that of the conventional thin­
f ilm transistor. 

In the thin-film transistor, . since the polysilicon layer.:: 
that form's the channel region is as thin as 25 nm, the 
range of a depletion layer is limited and an inversion 
layer is readily formed. Hence, when the o~fs.et ~L is- 200·. 

nm or less a reduction- ·of IoN is- small. When· the offset AL.· 

is 100 nm or below, since the v~l~~qe between the· qate 
electrode and the drain region and the voltage betwe~n-:tbe 
qate electrode· and.the source region are not reduced' suffi-·· 
ciently, IoFF can not be reduced. Therefore; the'obtimum 
value for the offset is between 100 and 200 nm and the ob­
timum anodic oxidation voltage is between 150 and 2so· v. 

Since the anodic oxidation assures excellent reproduction 
and uniform oxidation over a larqe area, the thin-film 
transistor according to the. present invention can· be.advan­
tageously applied to an active matrix type liquid crysta-1 
display • 

In the embodiment described above, the qate electrode· is. 
formed .of tantalwn. However, it may be formed of any metal. 
whic.h is capable of forming an oxide by anodic oxidat:ion:, 
such ·as aluminum or niobium. 

SECOND EMBODIMENT 

Fig~ 6 shows a thin-film transistor according to an embodi­
ment of the present invention appl'ied to an active matrix 
type liquid crystal display substrate. Fig. 6(aJ-is .a plan 
view of the active ma:trix 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 alonq line . B-B' ·of ··Fiq. · · : · .. 
6(a). 
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Silicon thin-films 612 and 613 are formed on a glass sub­
strate 601 made of NA 35 manufactured by Hoya Corporation. 
These silicon thin film may be amorphous silicon thin films··. 

.. -~;: 

· · -~.--.~~ . formed by plasma CVD or polysilicon thin films formed ·by · 

. ~--~ ~-

\ .. 

low-pressure CVD. A desired thickness of these films is 
between 50 and 200 nm. 

'. ••"\:·.·:· . ·. 

Next, a semiconductor layer 602 acting as a channel region 
of the thin-film transistor, a source region 604 and a 
drain region 603 are formed as in the case of the.first em;.. 
bodiment. Then a gate insulating film 607 of sio2 is formed 
-in contact with these layers. A desired thickness of the 
semiconductor layers. 602, '603 and 604 is between 20 and 50 
nm. 

Thereafter, a first insulator 614 of tantalum oxide and a 
gate electrode 605 of tantalum are formed. The first ins~­
latinq film 614 is formed in a atmosphere of argon qas-or a 
mixture qas of argon qas and oxygen qas by RF sputtering 
using tantalum oxide tarqets. 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 
sputterinq. The first insulator 614 and the qate electrode 
6·05 are then processed us;i.ng a· photoli thoqraphic or dry . 
etching 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 
tak~s place using the radicals generated in the plasma 
chamber and conveyed thereto. The etch·rate of tantalum and 
that of tantalum oxide are substantially the same, and the 
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etch rate of sio2 is 1/20th of that of tantalum oxide or 
less. 

Using such dry etching device, etching of .·the gate .elec­
trode 605 and the.first insulator 614' is continuously con-. 
ducted until the Sio2 gate insulating film 607 is comp le- · 
tely exposed. Thus, only the portion of the first insulator· 
614 located below the gate electrode 605 is left. This re- .. 
maininq portion of the first insulator serves to improve 
the adhesion.between the gate insulating film 607·and the 
gate electrOde 605 to thereby enhance the reliability. 

Next, phosphorus ions are implanted into the.silicon layers 
603, 604, 612 and 613 through the gate insulating· film 607 
by ion implantation so as to form the source region and the 
drain·region in a self-aligned fashion, as in the case of 
the first embodiment. 

Subsequently, a 420 nm thick second insulator 60.6 of tanta­
lum oxide is formed on the gate electrode 605 by subjecting 
the surf ace of the latter anodic. oxidation in a solution. of 
0.01 wt% of citric acid at an anodic oxidation voltage· of 
250 v, thereby obtaining 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-

.... '.t xel electrode 608 of ITO (indium tin oxide) is form~d to a 

.. • ! 
' 

thickness of 30 to 50 nm. 

Fina~ly, a data line 609 of an alloy of aluminum and sili­
con is provided • 
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In the active matrix substrate arranged as explained above.;. · ·· , · '. 
insulation between data line 609 and gate electrode 605 · · · ., .. . .. '.: 
that cross. each other (at 615 in Fig. 6 (a)), is provided .. ·:l?Y:$!>:~:~·'>:: 1: 

... ' :-···. . . . ";: 

..... --:· ~ . \ 
/ 

the second insulator 606 makinq it unnecessary to provide~<· 
an extra insulating film. 

Tantalum oxide formed by anodic oxidation is fine and ·ha..s .· . ·:, .. ·. 
· 1ittle defects such as pin holes, only. Consequently, the.·. .· 
danger of short circuit defects between data line 609 and ···' 
qate electrode 605 is substantially reduced. 

When a voltaqe is applied to tantalum oxide, a Poole-Fren~ 
kel conduction current flows in the tantalum oxide that.ex­
hibits a current-voltage-characteristic havinq a thresh.old 

\ .. , vol taqe. However, since the tantalum oxide . of the sec.and 
insulating ·film 6.06 is as thick as 420 run and the thr~shold 
voltage is sufficiently hiqher·than the voltaqe of 20 to 30 
V at which the active matrix substrate as qenerally driven,.· 
a resistance as high as 1015 n is obtained and no problem 
caused. When the offset AL is 100 nm, the. thickness of ~e 
tantalum oxide must be reduced to 250 nm. However, even in. 
this case, problems do not occur. 

·-~ 

' 

As shown in Fig. 6(b), the qate insulating film 607 of s'io2 
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
tially affected. Rather, the two-insulatinq 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 

·~ ~ ··,. ·: . . 
.·._,:·; 

) type liquid crystal display. Fig. 7(b) shows a drive signal 
,· 
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waveform·for the active matrix type liquid crystal display. 
In Fig. 7(a), reference numeral 701 denotes a hold circuit 
and 702 a· scanninq circuit. A thin-film transistor 705 is 
provided at each matrix point where a data line 703 crosses 
a gate electrode 704. A liquid crystal layer 706 ·is provi-· ·· 
ded between a respective pixel electrode connected to the 
drain reqion 707 of each thin-film transistor and a common 
electrode G. A gate siqnal -708 shown in Fig. 7(b) is ap-· 
plied to·· the qate electrode 704 to turn on thin-film tran­
sistor 7os·connected thereto in an interval from. Tl to T2 • 
A. data siqnal 709 applied to a data line· ·703 is· thereby 
wr-itten tbrouqh the respective thin-film transistor into 
the liquid crystal.· layer 706. During an· interval from T2 to 
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 vol taqe of the drain region 7·07 

. . 
changes as indicated by 710 in Fiq. 7(b), and an effective 
voltage indicated by a hatched portion is.applied to the 
liquid 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 
volt;age VD of 1 to 5 V is necessary. This reduces VB to 10 
to 12 v and the qate vo1tage·vqs to -10 to -12 v. There­
fore, a sufficiently low IoFF is required • 

As will be appreciated from Fig. s, the thin-film transi­
stor according to the present invention provides a suffi­
ciently low IoFF 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. 
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THIRD EMBODIMENT ··.· .... ·.-.. : .... ··.: 

,·.·._,;_ .... . . · .... 

A thin-film transistor according to a third embodiment ·of<; .. ··, > 

the present invention will be explained with reference to ·/;:,:. :- : .· · 
Fig. 8. -..·· .. 

°!..': : .: 
. ·::. .. 

As shown in Fig. S(a), a polysilicon semiconductor layer 
802, an sio2 gate insulating film 807 and a tantalum qate:··'/.;.:o 
electrode sos are formed in this order on a subst~ate 801; ··: 

as in the case of the first embodiment. · · 
.. :.,.· 

Next, as shown in Fig. 8(b), the surface of the gate elec­
trode 805 is subjected to oxidation by anodic oxidation to. 
form an insulator 806 of tantalum oxide. After that phos­
phorus ions 808 are implanted into the semiconductor layer 
802 through the qate insulating film 807 by ion implanta­
tion or high-energy ion doping so as to form a source re­
gion 804 arid a drain region 8.03 in· a self-aligned fashion. 
Fig. 9 shows the relation between the anodic oxidation vol­
tage of tantalum and the film 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 
film thickness can be controlled at a rate of 1.7 to 1.8 
nm/V. 

By· means of ·the above manufacturing steps an off set .6L 
~hewn in Fig. S(b) and corresponding to the film thickness 
indicated by a hatched portion in Fig. 9 is generated. The. 
offset AL can be controlled in a range from o to 450 nm by·. 
controlling the anodic oxidation voltage. 

In t~e first eliibodiment, the anodic oxidation is conducted 
after implantation of impurity ions, and the offset AL can 
be accurately controlled in a ranqe between O to 200 nm. In 

·I 
/ 
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the pres~nt thi~d embodiment, however, the order of ion im­

plantation and anodic oxidation is reversed and the off set 

AL can be controlled in a·ranqe larqer than that o~ the 

first enibodiment. Therefore, when coi;npared with the first 

) embodiment, the voltaqe between the qate electrode and the 

drain region and ~e voltaqe between the·.qate electrode ~nd 

: . . > 

•.• t• 

. . 

the source region when the qate voltaqe Vqs ·is red~ced to a 

negative,ranqe,· can be further reduced, thus further incre-. 

as~ng the source drain voltaqe Vds and further reducinq 

IoFF when the qate is neqati vely biased. Henc~, ·the thin- · . 

f i·lm transistor accord.inq to the present invention can also· 

be applied to active matrix type displays of the.EL or PDLC 

type which require a hiqher drive voltaqe then does TN type 

liquid crystal display device. 

The phosphorus ions after havinq been implanted are activa­

ted by argon or excimer laser irradiation or by ramp an­

nealinq so as to reduce.the resistance of the pO:lysilicon 

forminq the source reqion 804 and the drain reqion 803. It 

is desired that this activation be conducted in a short 

time. Activation which requires a lonq time, such as heat 

annealinq, diffuses the implanted phosphorus ions into the 

semiconductor lay.er 802 and, thus, effectively reduces the 

offset 4L. 

Finally, as shown in Fiq. 8(c), contact ho~es 811 and 812 

are respectively opened in qate insulatinq film 807 above 

the source reqion 804 and the drain reqion 803, and a 

source interconnection 810 and a drain interconnection 809 

are then provided • 
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CLAIMS: 

1. A thin-film transistor includinq a semiconductor 

layer (102, 103, 104) havinq a portion doped with impuri­

ties, a qate insulatinq film (107) and a qate electrode 

(105), characterized in that the surface of the qate elec--., 

trode (105) is covered with an insulator {106) and said·>do-· · ... · 
ped portion (103, 104) of the semiconductor layer is spaced 

·from the qate electrode ( 105) by a distance equivalent ·to. 

or less than the thickness of said insulator (106). 

2. The thin~film transistor accordinq to claim l; 

characterized in tha~ said doped portion (103, 104) of the 

semiconductor layer is spaced from the gate electrode (105) 

by 100 to 200 nm. 

3. The thin-film transistor accordinq to claim 1 or 

2, characterized in that the qate electrode (105) is made 

of tantalum and said insulator (106) is made of tantal.um 

oxide formed by subjectinq the·surface of the qate elec­

trode to anodic oxidation. 

4. The thin-film transistor accordinq to any of the 

precedinq claims, wherein the semiconductor layer {102, 

103, 104), the gate insulatinq film (107) and the qate 

electrode (105) with the surface thereof covered with said 

insulator (106) are formed one on top the other. 

5. The thin-film transistor accordinq to claim 4,· 

wherein a further insulator (614) of tantalum oxide is for­

med between the qate insulating film (607) and the qate 

electrode (605). 

THIS SHEET HAS BEEN 
REPLACED 
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6. A method of manufacturing a thin-film transistor 
comprising the·steps of: 

formin9 a semiconductor layer· (102, 103, 104), a gate 
insul.ating.film (107) and a gate.electrode (105) in sequen-
ce, 

forming a source ·region (104) and a drain reg.ion 
(l.03) by adding donor or acceptor impurities to the semi­
conductoi.- layer in a seif-aliqnmen~.fashion-using the gate· 
eieCtJ::'ode (105) as a mask, and 

. i forming an insulator (106) by oxidizing the surface 
of the qate electrode (105). 

7. A method of manufacturing a thin-film transistor 
comprising the steps of: 

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 electrode as a mask. 

8. The method according to claim 7, characterized in 
·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. 
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