« THIN FI LM TRANSI STOR AND METHOD OF MANUFACTURING | T The present

i hvention relates to a thin filmtransistor which is particularly SU|tabIe
for use in active matrix type liquid crystal devices, imge sensors,

t hree-di nen- .sional integrated circuits or the |ike. An exanpl e of the
construction of a conventional thin filmtransistor will be explained with
reference to Fig. 2. Fig. 2 is a cross:£§ct|onal vi ew of the construction
in the di -

Abstract of the Disclosure (Fig. 1)

THIN FILM TRANSISTOR AND METHOD OF MANUFACTURING IT

A thin film transistor comprises a source area (102) and a
drain area (103) which are composed of a silicon thin film
to which an impurity which serves as a donor or an.acceptor
is added, a channel area (104) composed of the silicon thin
film formed between said source area and said drain area in
contact with said source area and said drain area, a gate
insulation film (107) formed in such a manner as to cover
said source area, said drain area, and said channel area,
and a gate electrode (108) disposed on said gate insulation
film. The gate electrode does not overlap said source area
or said drain area, allowing a high ON/OFF ratio to be
realized. Described are various methods for producing such
a thin film transistor.



rection of a channel. A source area 202 and a drain area 203, which are
conposed of a silicon thin film of such as polycrystalline silicon or
anor phous silicon, to which an inpurity which serves as a donor or an
acceptor is added, are fornmed on an insulating substrate 201 of gl ass,
quartz, sapphire or the like. A channey/@rea 204 conposed of a si- licon
thin film of such as polycrystalline silicon or anorphous silicon, is
di sposed so as to,be in contact with the top side of an end of the source
area 202 and the top side of an end of the drain area 203 in such a manner
as to connect these two areas. A source el ectrode 205 conposed of a netal,
a transparent electrically-conductive film etc. is disposed so as to be in
contact with the source area 202, and a drain el ectrode 206 conposed of a
nmetal, a transparent e%%ptrically-conductive firn%,-tc. i s 464 sposed so as
to be in contact with :5‘6 draim2area 20pg All of tre aboveris coated with a
9

gate insulation film 20 Al%gat e

el ectrode 208 conposed aILyfconductive
film etc. is dispg source area
202 and the drai : a them The
gate insulation
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2 * an interlayer insulation filmfor maintaining the insula- tion anong
i nt erconnecti ons. The above-described prior art suffers fromthe
foll owi ng probl ens. Fig. 3 is a graph showing an exanple of the
characteristics of an N-channel thin filmtransistor having the construc-
tion illustrated in Fig. 2. The horizoq%z+qaxis i ndi cates the gate voltage
Vgs,. the vertical line indicates . ogarit™h*“mc values of the drain current
Id. In this exanple, a cur- rent that flows between the source and the
drain when the transistor is in an OFF-state is denoted as loff; a current
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that flows between the source and the drain when the tran- sistor is in an
ON-state is denoted as lon. A transistor having characteristics such that
the ON-current is large and the OFF-current is small, or in other words,
characte- ristics of a high OVOFF ratio (loff/lon), is preferable.
However, generally, if the ON-current is ip reased, the OFF-current has the
tendency to increase also. This fact poggé probl em particularliy when an
attenpt is made to realize an integrated driver type liquid crystal device.
That is, it is required that transistors used in the pixel section of a
liquid crystal device have characteristics of a | ow OFF-current, whereas it
is required that transistors used in the peripheral circuits have
characteristics of a high ON-current in order to allow a high speed
operation. The present invention is intende bdféolve t he agféezggn-

tioned problens and to provide a thin fil fansi stor ha- vjpn
characteristics of a high OV OFF rati ff), and a thod for
manuf act uri ng such a transistor. The ’ solution fo this objqu as
wel | as specific em bodinenfs of The inven 1nq_a[e“deruned'lprfﬁﬁ-cl p
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3 . "These and ot her objects, features and advantages of the present
invention will becone clear fromthe follow ng des- cription of preferred
enbodi ments of the present invention with reference to the acconpanyi ng .
draw ngs, in which: Fig. 1 is a cross-sectional view show ng an exanpl e
of the construction of a thin filmtransistor according to
the present invention; Fig. 2 is a crosz;r??cti onal view show ng an
-exanpl e of the
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construction of a conventional thin filmtransi- stor; Fig. 3is

a graph showi ng the characteristics of the con- ventional thin film
transi stor; Figs. 4(a) to 4(d) are cross-sectional views show ng pro- :
cess steps of an enbodinment in which a thin film transi stor having
a structure which is knowm as a for reducing the OFF-current
Is realized, Fig. 51is a graph shomﬁng tHe characteristics of the thin
filmtransistor according to the present invention; Figs. 6(a) to 6(c),
Figs. 7(a) to 7(c), Figs. 8(a) to 8(c), Figs 9(a) to 9(c), Figs.
10(a) to 10(d), Figs 11(a) to 1606), Figs. a1¢(a) to 12(d)y, Figs.
13(a) to 13(d)60$| gs. 1l4(a) to-14(c), and gs. 1949y t @gz
15(c) are cross- sectlodal Vi ews show /A ess syeps
enbodi nents of the _man@ifacturing neth ccordi’ t? he present
i nvention; and T .{_.ﬁf;:z:a??ﬁﬂ
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*Fig. 16 is a cross-sectional view show ng an exanple of the
construction of the thin filmtransistor.

4 The thin filmtransistor of the present

i nvention is cha- racterized

in that a gate el ectrode does not overlap a source area and a drain area,

that is, it is formed in a so-called offséshritructure As can be
understood fromthe characteristics of a en-
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tional thin filmtransistor shown in Fig. 3, the OFF-cur- rent depends upon
the gate voltage, and nore particularly, depends upon the voltage between
the gate and,the drain. The value of the OFF-current beconmes a mninumin .
the vi - cinity of a gate voltage of O Vif an inpurity used to con- trol a
threshol d value is not added to the ch#®#ffgl section. That is, it can be
said that if the electric field applied between the gate and the drain is
reduced, the OFF-current can be reduced. As regards a method of reducing
the elec- tric field ap kied to the gate and t#g drain,:asnethod of

| owering the inpurity ’%ncentration of the dr 'n end i,8 known. This nethod
will be explained withgeference to pat ern 402 conbused of a
silicon thin film @ D s silicon,
i.s formed on an insU+é§k§ﬁ>é?Cb§y29€Y€}é;C}ﬁ;/;VEW§¢6/6{1?”2Z;“M re or the
li ke. Next, all of tfh ; ‘_'1 }
such as a silicon o |3e T||n1 e1C —Formed Thereon 1§ a gate elechode 404
conposed of a netal,] a transparent electrically-condyctive film}a
polycrystalline silijcon filmto which an inpurity whih serves ap_ggyonor
or an acceptor is added, etc. (See Fig. 4(a)).

\.\ ’
Fo¢

7G. € a

S RN
fo9 SNIRDON fod

/J // L //J"fﬂ

FlG & b

11
~ e F7z
LN Jo‘ :°:
® e / cd °
o, //A °.°¢
yo? 410
—~ fo7?

FiGg. £ c



*Next, "by addi ng, for exanple, approximately 1 x 10[err] cnferr] of the
impurities which serve as a donor or an acceptor by ion inplantation, a
Iomfconcentratlon source area 405 and a

5 "] ow-concentration drain area 406 are formed self- aligned with respect
to the gate el ectrode 404 (See Fig. 4f¥ry. Then, after an insulation film
407 of, for exanple, silicon oxide, has been forned on all of the above,
this insulation film407 is etched by anisotropic etching so that it re-
mains only on the side wall of the gate el ect e 404. ¢ t, by-adding, for
exanpl e, apprOX|nateIﬁb? x 10[err] cn}[err]/j?ag i
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-of the inpurities which serve as a donor or an acceptor by ion

i npl antation, a source area 408 and a drain area 409 are fornmed in a

sel f-aligned manner. The silicon oxide film 407 that renmined on the side-
wal | of the gate acts as a stopper at the time of ion inplantation and a
transi stor having a | ow concentration PA%%he drain end section is for- nmed
(See Fig. 4(c)). Thereafter, a source electrode 410 and a drain el ectrode
411 which are conposed of a netal, a transparent electri- cally-conductive
film etc. are respectively connected to the source area 408 and the drain
area 409 according to the usual processes. However, this nethod still has
probl ens descri bed below. Firstly, the drain '%F;orned by i inplantation
as ex- plained with reygggnce to FH@PV e othis, th stal
structure is degraded ama A ae—defhst S)eavavammmIL .

silicon thin filmclons |tut|ng thf draln -ectlon TheAtrap stateﬂ@@ S|ty

in the silicon fil ' //;/C/Céz;/;/;/:/i/<<7;/j/c/]

e A a

- 7007

/G, 10 «

R

—b 1007

/////////////////////

FlG. 10 b



-

drain i's another major paraneter which determines the OFF- current in
addition to the electric field applied.to the drain. Therefore, the effect
of this nmethod is | essened and the decrease in OFF-current is |ess

pr onounced. : 6 The second problenlié
that the nunber of processes, such as iﬁqaﬁfnplantation, etc., increases
greatly. The structure of the thin filMmtransistor of the present

i nvention effectively |owers the voltage between the gate and the drain
during off time, since the gate electrode is fornmed in the so-called offset
structure in which the gate
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el ectrode does not overlap the source area or the drain area. Al so, the
crystal structure in an edge portion of the drain is not degraded. Hence,
the value of the OFF-current in the vicinity of a gate voltage of 0 Vin a.
conventional transistor can be maintained for gate voltages |ess than 0 V
according to the invention as shown in Fig. 5. The OFF- characteristics of
the thin filmtransistor can be inproved gféﬁ$ly. On the other hand, the
ON-current is not signifi- cantly decreased as conpared to a conventi onal
transi stor. The reason therefor is that in a thin filmtransistor, be-
cause .the silicon layer of the channel section is thin, the range over
which a depletion |ayer extends is limted and an inversion Iayer is likely
to be formed. Therefqgre, if the length of the offseﬁugecgaﬁg dgptinized,

a decrease in the 1 rrent can be suppressed As g res as becone
possi bl e to provi ge—g—hr a1 G aracteristics
because of a Iarg= ON OFF ratlo The present i NVE nt|o be expl ai ned
in the foll ow ng. 07— S oro8SrSe SR od—H-evwr-shew-ag—t he
construction of apthimn/if| apfsi/Stor/ g Cara|rg/(o t fe st inven-
tion. A source arga 102 an draln area 103 whrcC _a;e COTE
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posed ‘of a silicon thin film of such as polycrystalline silicon or

anor phous silicon, to which an inpurity which serves as a donor or an
acceptor is added, are formed on an insulating substrate 101 of gl ass,
quartz, sapphire or the like. A channel area 104 conposed of a silicon thin

film 7 of such as polycrystalline
silicon or anorphous silicon, is disﬁ%@@@?so as to be in contact with the
source area and the drain area in such a manner as to connect these two
areas. A source el ectrode 105 conposed of a nmetal, a trans- parent

el ectrically-conductive film etc. is disposed so as to-be in contact with
the source area 102, and a drain electrode 106 is disposed so as to be in

contact with the 794
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drain area 103. Al of the above is coated with a gate in- sulation film
107 such as a silicon oxide film etc. A gate electrode 108 conposed of a
netal, a transparent electri- cally-conductive film etc. is disposed in
such a manner as not to cover either the source area 102 or the drain area
103 at the least. The gate insulation film 107 also acts as an interl ayer
insulation filmfor naintaining the insubg-qgion bet ween i nterconnecti ons.
Enbodi ment 1 Such a thin filmtransistor can be realized by a process
described below. Fig. 6 is a cross-sectional view show ng process steps by
which a thin filmtransistor of the pre- sent invention is realized.
Patterns 602 and 603 which are conposed of a silicon thin film of such as
pol ycrystalline silicon or anmorphous silicon, are fornmed on an insulating
substrate 601 of glass, quartz, sapphire or the like. A pattern 604
conmposed of a silicon tg'; film gf guch as polécrystalline silicon or
anor phous silicon, is d§fbsed so4€%to be i f#@8ntact wi tFé®he tgpysi de of
the two areas in such asgfmnner as/fto connect /these two ardgas. Next, all of

the above is coated wWih g gate i ation £ilm 60 ch fas a | i con oxi de
film etc. Formed tWyely ) ¥ odt £ Al £cif fde/ 606/ canpostg y/matal, a
transparent electri . { ; 4
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cal ly-conductive .film a polycrystalline silicon filmto which an inpurity
whi ch serves as a donor or an acceptor is added, etc. (See Fig. 6(a)).

8 Next, an insulation film 607, for exanple, a silicon oxide film is
formed on all of the above. By adding an inpurity which serves as a donor
or an acceptor by ion inplantation, a source area 608 and a drain area 609
are formed in a self-aligned nanner\Mtﬂﬁ/t%pect to the gate el ectrode. At
this time, the silicon oxide film®607 forned on the side wall of the gate
is effectively a thick filmwhen seen froma vertical direction and serves
as a stopper for ions im planted. As a result, a transistor having an

of fset struc- - . :

1207

_ 1210
lv’".'-'.'.'.'.'.':-" /

FIG. 72 <

17211 7212
oo o 1205 2




ture is formed (See Fig. 6(b)). Thereafter, a source electrode 610 and a
drain el ectrode 611 which are conposed of a netal, a transparent electri-
cal ly-conductive film etc. are respectively connected to the source area
608 and the drain area 609 according to the usual processes. Thus, a thin
filmtransistor according to the presesagr/ahvention is conpleted (See Fig.
6(c)). Enbodinent 2 Fig. 7 is a cross-sectional view show ng the process
st eps of anot her enbodi nent by which a thin filmtransistor of the present
invention is realized. Patterns 702 and 703 which are conposed of a silicon
thin film of such as poly- crystalline silicon or anorphous silicon, are
formed on an insulating substrate 701 of glass, quartz, sapphire or the
| i ke. A pattern 704 conposed of a silicon thlgo#fil n;_;agj such as
pol ycrystalline sili¢3o2 or anorphous sili CO?J is digposed ®3=s to be in
contact with the_topwside of the two areas fn such/a mannér as to connect
these two areas} Next, all of the above is ‘toated mith gatp insul ation
film705 such a3_a gilicon oxide film etc. Formed thergon i a g&t%

|~ 130,
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el ectrically-conductive film a polycrystalline silicon filmto which an
Impurity is added, etc. (See Fig. 7(a)).

9 Next, after an insulation film 707 of, for exanple, silicon oxide,
has been fornmed on all of the above, this insulation film 707 is etched by
ani sotropic etching so that it re- mains é»t% on the side wall of the gate
el ectrode 706. Next, by adding an inpuri?yj| I ch serves as a donor or an
acceptor by ion inplantation, a self-aligned source area 708 and a
self-aligned drain area 709 are formed. At this tine, the silicon oxide
film707 that remained on the side wall of ¢4p gate serves as a stopper for
lons inplanted. As a result, a transistor fhaving an offset structure is
formed 1310 d 1340
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. (See Fig. 7(b)). Thereafter, a source electrode 710 and a drain el ectrode
711 which are conposed of a netal, a transparent electri- cally-conductive
film etc. are respectively connected to the source area 708 and the drain
area 709 according to the usual processes. Thus, a thin filmtransistor
according to the present invention is.cgggggied (See Fig. 7(c)).

Enbodinent 3 Fig. 8 is a cross-sectional “viéw showi ng the process steps of
anot her enbodi nent by which a thin filmtransistor of the present invention
is realized. Patterns 802 and 803 which are conposed of a silicon thin
film of such as polycrystalline silicon or anorphous sili- con, are forned
on an insulating substrate 801 of glass, quartz, sapphire or the like. A
pattern 804 conposed of a silicon thin fitgpe of sgch as polycrystalline
silicon or anorphous silicon, is disposed_so as t 868 in contact with the
top side of the two areas in such a ngaaéfsas tqﬂébn- et¥0Fhese two areas.

Next, all of the above is coated—w-th L
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NETRLN .

.a‘gate insulation film805 such as a silicon oxide film etc. Next, forned
in turn thereon is an electrically con- ductive film806 which serves as a
gate el ectrode (See Fig. 10 8(a)).
Next, a resist pattern 807 is fornmed on the electri- cally conductive film
806 by using a photo etching techni- qug Lth this pattern as a nmask, the
electrically conduc- tive film806 is s f ively etched in such a way that
it becones small relative to the resist pattern, and a gate el ectrode 808
is formed. By adding an inpurity which serves as a donor or an acceptor by
lon inplantation, a self-alig- ned source area 809 and a self-aligned drain

area 810 are 1502 c/mc 1505 1spq.
1503
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/M‘I@f

FI1G 15 a

//15-” / 7572
° °,° oo ° © m
::: / /// _ 1506 :‘::

L— 7507




K

fornmed. Then, the resist pattern 807 is renoved (See Fig. 8(b)).
__Thereafter, a source electrode 811 and a drain el ectrode 812 which are
conposed of a metal, a transparent electri- cally-conductive film etc. are
respectively connected to the source area, 809 and the drain area 810
according to the usual processes. Thusfﬂ!% in filmtransistor according to
the present invention is conpleted (See Fig. 8(c)). Enbodinent 4 Fig. 9
is a cross-sectional view showi ng the process steps of another enbodi nent
by which a thin filmtransistor of the present invention is realized.
Patterns 902 and 903 which are conposed of a silicon thin film of such as
polycrystalline silicon or anorphous sili- con, are forned on an insulating
substrate 901 of glass, quartz, sapphire or the like. A pattern 904
conposed of a silicon thin film of -such as polycrystalline silicon or
anor phous silicon, is disposed so as to be in contact wth the top side of
the two areas in such a manner as to con-
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el ectrode (See: F
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t hereon is an el wl con- ductive film 90§ MQLQ!;L ,§ﬁer
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A thin film transistor, comprising:

a souree area and a drain area which are composed of a silicon thin

film to which an impurity which serves as a donor or an acceptor is

added;

a channel area composed of the silicon thin film formed between said

source area and said drain area in contact with said source area and

said drain area;

a gate insulation film formed in such a manner as to cover said

source area, said drain area, and said channel area; and

a gate electrode disposed on said gate insulation film, wherein said

gate electrode does not overlap said source area or said drain area.

A thin film transistor as claimed in claim 1, wherein said gate
electrode does overlap neither said source area nor said drain area.
A thin film transistor as claimed in claim 1, wherein said gate
electrode does not overlap said drain area.

A method of manufacturing the thin film transistor as claimed in
claim 1, comprising the steps of:

forming an element area by selectively etching a silicon thin ﬁlrrt;
forming in turn said gate insulatiort film and an electrically
conductive film for said gate electrode on said silicon thin film;

forming said gate electrode by selectively etching said electrically

whinr

conductive film; and  |REPLACEMENT SHEET!
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area 909 antl a self-ali Qned drain area 910 are fornmed with respect"t.'o t he
gate el ectrode. Then, the gate el ectrode 908 is etched imsuch—a—way-t hat

it beconmes small _relative to the resist pattern.. t he resist
pattern 907 is renved (See Fig. 9(b)). Ther eaft%’""&ﬂ@&ﬂmﬂnwﬂwr ode
911 and a drain el ectrode 912 which are conposed .of = o g spar ent
electri- cally-conductive film etc. are respectively connected to the
source area 909 and the drain area 910 &dcording to the usual processes.
Thus, a thin filmtransistor according to the present invention is

conpl et ed (See foimifgcyaid soEmbedaremtand Fsaid Wrains ares dgs-aseslf-alhighedi ew
. showi ng the process steps of another enbodi nent by which a thin film

transistor of tRg PEeSBPt alAWENtAPNirh | wech sefvebt asna #8A3rase 4903
whi ch are corrposeg of ays?l Flic&% thin ?PIH%?‘ of suc?1e as pochrystaIrI i ne

A S T e R SO R R R

electrode.

S. A method of fnanufacturing the thin film transistor as claimed in
claim 1, comprising the steps of:
forming an element area by selectively etching a silicon thin film;
forming in turn said gate insulation film and an electrically
conductive film for said gate electrode on said silicon thin film;
forming said gate electrode by selectively etching said electrically
conductive film with a pattern composed of a mask material as a
mask in such a way that it becomes small relative to the pattern
composed of the mask material; and
forming said source area and said drain area in a self-aligned
manner by adding an impurity which serves as a donor or an
acceptor after an insulation film has been formed on said gate
electrode.

6. A method of manufacturing the thin film transistor as claimed in
claim 1, comprising the steps of:
forming an element area by selectively etching a silicon thin film,
forming in turn said gate insulation film and an electrically

conductive film for said gate electrode on said silicon thin film;
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silicon ‘thin film of such as polycrystalline silicon or anorphous silicon,
I's disposed so as to be in contact with the top~side of the two areas in

such a manner as to con- nect these two areas. turn thereon
are a gate insulation film 1005 such as a sili @j\ml“\mmmn
el ectrically conductive film 1006 which serves
12 a gate electrode, and a film 1007 such as a silicon oxide film etc.
(See Fig. 10(a)). Next, a resist patt@2n 1008 is formed on the silicon
oxide film 1007 by using a photo etching technique. Wth this

forming said gate electrode by selectively etching said electrically

conductive film with a pattern composed of a mask material as a
mask;
forming said source area and lsaid drain area in a self-aligned
manner by adding an impurity which serves as a donor or an
acceptor after an insulation film has been formed; and making said
gate electrode small relative to the pattern composed of the mask
material,

7. A method of manufacturing the thin film transistbr as claimed in
claim 1, comprising the steps of:
forming an element area by selectively etching a silicon thin film,
forming in turn said gate insulation film and an electrically
conductive film for said gate electrode on said silicon thin film;
forming said gate electrode by selectively etching said electrically
conductive film with a pattern composed of a mask material as a
mask;
removing said pattern composed of the mask material;
forming said source area and said drain area in a self-aligned
manner by adding an impurity which serves as a donor or an
acceptor after an insulation film has been formed; and
making said gate electrode small relative to the pattern composed of

the mask material.
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pattern ‘as 4 mask, the silicon oxide film 1007 is selecti- vel y etched (See
Fig. 10(b)). Thereafter, the resist pattern I008iTsrtenoved—Fhen, with

the silicon oxide film 1007 as a nask, the el ecty,] : ctive film
1006 is selectively etched in such a way that itg H] U | ative to
the silicon oxide filmpattern 1007. Thus, a gat € 0 , I's formed.

Then, by adding an inpurity which serves as a donor or an accep- tor by ion
i npl antation, a source area 1010 and a &3in area 1011 are formed in a
self-aligned manner with respect to the gate electrode (See Fig. 10(c)).
Thereafterg. a suneehed esft redeufbetiriagdtiee dhan rfileh eransistor G 3whikh lsadd e
conposed of—a netal, a transparent electri- cally-conducive film etc. are

respect vel Y cqnRealiettrbe| MRS 6forti 3aid 18updidiabheofisaid dasiRaidi s

according to t usual processes. Thus,” a thin filmtransistor according to
he Present | IaBL N b ABIPL A S pgeg ) Sroodiment © Pl 1
| forming an element area by selectively etching a silicon thin film;

forming in turn said gate insulation film, an electrically conductive
film for said gate electrode, and a first insulation film on said silicon
thin film;
forming said gate electrode having a construction in which an
insulation film remains on top of the gate electrode area only by
selectively etching in turn said first insulation film and said
electrically conductive film;
forming a second insulation film on said gate electrode;
etching said second insulation film by anisotropic etching in such a
manner as to remain on the side wall of said gate electrode at the
least; and
forming said source area and said drain area by forming a silicon
film, to which an impurity which serves as a donor or an acceptor is
added, on a part of said element area.

9. A method of manufacturing the thin film transistor in which said
gate electrode does not overlap said source area or said drain area as
claimed in claim 1, comprising the steps of:

forming aﬁ element area by selectively etching a silicon thin film;
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of anot her énbodi ment b&/ which a thin filmtransistor of the present
I nvention is realized. Patterns 1102 and 1103 which are conposed of a

silicon thin film of such as polycrystalline sili sili-
con, are formed on an insulating substrate 1101 ofnﬂmg Ilmﬁgﬂ j”mapphl re

or the i ke.

A pattern 1104 conposed of a silicon thirffitlmt of stch as

polycrystalline silicon or 13
anmor phous silicon, is disposed so as t@4be in contact with the top side of
the two areas in such a manner as to con- nect these two areas.

10.

forming in -turn said gate insulation film and an electrically
conductive film for said gate electrode on said silicon thin film;
forming said gate electrode by selectively etching said electrically
conductive film;

forming a mask pattern such as to cover said gate electrode which
overlaps th channel area at the least; and

forming said source area and said drain area by adding an impurity
which serves as a donor or an acceptor with said mask pattern as a
mask.

A method of a thin film transistor comprising a source area and a

drain area which are composed of a silicon thin film to which an

impurity which serves as a donor or an acceptor is added; a channel

area composed of the silicon thin film formed between said source

area and said drain area in contact with said source area and said

drain area; a gate insulation film formed in such a manner as to

cover said source area, said drain area, and said channel area; and a

gate electrode disposed on said gate insulation film, wherein said

gate electrode does not overlap said source area or said drain area,

comprising the step of:

forming an element area by etching a silicon thin film;

forming in turn said gate insulation film and a gate electrode above

the silicon thin film:

REPLACEMENT SHEET
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adding an impurity to a part of the silicon thin film;




Next, fdrmed in turn on all of the above are a gate insula- tion film 1105
such as a silicon oxide film etc., an elec- trically—eonducttve film 1106
whi ch serves as a gate elec- trode, and a film 1107 suc con oxi de
film etc. (See Fig. 11(a)). Next, a resist pat !m“m &!“‘red on the
silicon oxide film 1107 by using a photo etchi ng hi s
pattern as a nmask, the silicon oxide film 1107 is sel ecti- vely etched

(See Fig. 11(b)). Thereafter, the res& pattern 1108 is renpved. Then,
with the silicon oxide fiImllO? as a mask, the electrically conductive
film 1106 i s sdoeoming elry irsuladibrafidng opatlee @ate -insulatior i iand theggite
Then, by addi'ng an IMpUTTTYy WhITH Serves as a donor or an acceptor by ron

i npl antation, gl&&kbd@l i gned source area 1110 and a self-aligned drain area
1111 are forrre-d——NeX{-—'the gate electrode 1109 is selecti- vely etched in

such a way thalsefdig; gy %;@k&%zu‘i’éj m%ﬁ%?\o?xeﬁlxﬁoéi’?& tHE%dte ifibAld f6h Hnd 86

silicon oxide£4

that at least a part of the element area is exposed, forming a pattern

acting as at least one of a source area and a drain area in a manner

as to connect to the exposed element area, and

forming an electrode so as to connect the pattern.

e
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. Thereafter, a source electrode 1112 and--a drain electrode 1113 B are

corposed of a netal, a transparent electri- cally-conductive film etc. are

respectively connected to the source area 1110iandIhﬁﬁdgéﬁbﬂ3§i§fsllll
according to the usual. processes. Thus, aithin} i1 rqég§5§|g§gé accordlgg to
the present invention is conpleted (See Fig. lggf’f U BEC rrerrrer 1O PARECT v vvnee

14 Enbodiment 7 Fig. 12 is a cross-section w‘&%%go dt’F'I:‘et PAFEds -
steps of. anot her enbodi nent by which a thin fil'm Uranese; opasss - théoﬁﬁgﬁent ----
i nvention is realized. i} Abstract paged ........ - topaged..........

IDA’LE OF RECEIPT wovvvooeere oo

THIN FILM TRANSISTOR AND METHOD OF MANUFACTURING IT

The present invention relates to a thin film transistor
which is particularly suitable for use in active matrix
type liquid crystal devices, image sensors, three-dimen-
sional integrated circuits or the like.

An example of the construction of a conventioﬁél thin film
transistor will be explalned with reference to Fig. 2. Fig.
.2 is a cross- sectlohdl view of the construction in the di-
rection of a channel. A source area 202 and a drain area
203, which are composed of a silicon thin film, of such as
polycrystalline silicon or amorphous silicon, to which an
impurity which serves as a donor or an acceptor is added,
are formed on an insulating substrate 201 of glass, quartz,
sapphire or the like. A channel area 204 composed of a si-
licon thin film, of such as polycrystalline silicon or
amorphous silicon, is disposed so as to be in contact with
the top side of an end of the source area 202 and the top
side of an end of the drain area 203 in such a manner as to
connect these two areas. A source electrode 205 composed of
a metal, a transparent electrically-conductive film, etc.
is disposed so as to be in contact with the source area
202, and a drain electrode 206 composed of a metal, a
transparent electrically-conductive film, etc. is disposed
so as to be in contact with the drain area 203. All of the
above is coated with a gate insulation film 207 such as a
silicon oxide film, etc. A gate electrode 208 composed of a
metal, a transparent electrically-conductive film, etc. is
disposed in such a manner as to cover both the socurce area
202 and the drain area 203, or at least cover a part of
each of them. The gate insulation film 207 also serves as



* Patterns 1202 and 1203 which are conposed of a silicon thin film of such
as polycrystalline silicon or anorphous sili- con, are formed on an
i nsul ating substrate 1201 of glass, quartz, sapphire or the like. A pattern
1204 conposed of a silicon thin film of such as polycrystalline silicon or
anor phous silicon, is disposed so as to bé& in contact with the top side of
the two areas in such a nanner as to con- nect these two areas. Next,
formed in turn on all .of the above are a gate insulation film 1205 such as
a-silicon oxide film etc. and an electrically conductive film 1206 which
serves as a gaheiakeellagde (healakign f2(a) for mAéxtaiaihgsSithie pdalsivar 1207

Is forned on the e I ¢cal.l . | film 1206 by using a photo etching
t echni que. VW%ESPh%ggggtgg%ﬁ¥g§8§g#géb¥§fhe el ectrically conductive film
1206 is selectively etched and a gate el ectrode 1208 is forned (see Fig.

12(b)).  Thegneb¥padeiagsaribBBUpki¥rRirehsaeFkes &Fom ¢RROFAN oWing
acceptor by |o$8bﬁglantat|on, a self-aligned source area 1209 and a

sel f-aligned B BWPea 1210 are formed. Next,

Fig. 3 is a graph showing an example of the characteristics
of an N-channel thin film transistor having the construc-
tion illustrated in Fig. 2. The horizontal axis indicates
the gate voltage Vgs, the vertical line indicates logarith-
mic values of the drain current Id. In this example, a cur-
rent that flows between the source and the drain when the
transistor is in an OFF-state is denoted as Ioff; a current
that flows between the source and the drain when the tran-
sistor is in an ON-state is denoted as Ion. A transistor
having characteristics such that the ON-current is large
and the OFF—current is small, or in other words, characte-
ristics of a high ON/OFF ratio (Ioff/Ion), is preferable.
However, generally, if the ON-current is increased, the
OFF-current has the tendency to increase also. This fact
poses a problem, particularly when an attempt is made to
realize an integrated driver type liquid crystal device.
That is, it is required that transistors used in the pixel
section of a liquid crystal device have characteristics of
a low OFF-current, whereas it is required that transistors
used in the peripheral circuits have characteristics of a
high ON-current in order to allow a high speed operation.

The present invention is intended to solve the above-men-
tioned problems and to provide a thin f£ilm transistor ha-
ving characteristics of a high ON/OFF ratio {(Ion/Ioff), and
a method for manufacturing such a transistor. |

The general solution to this object as well as specific em-
bodiments of the invention are defined in the claims.



“ the gate el ectrode 1208 is selectively etched so as to be small (See Fig.

12(c)).

Thereafter, a source electrode 1211 and a drain electrode 1212

whi ch are conposed of a netal, a transparent electri- cally-conductive
film etc. are respectively connected to {he source area 1209 and the drain
area 1210 according to the usual processes. Thus, a thin filmtransistor
according to the present invention is conpleted (See Fig. 12(d)).

15

Enbodi nent 8

These and other objects, features and advantages of the
present invention will become clear from the following des-
cription of preferred embodiments of the present invention
with reference to the accompanying drawings, in which:

Fig. 1 is a cross-sectional view showing an example of the
construction of a thin film transistor according to
the present invention;

Fig. 2 1is a cross—-sectional view showing an example of the
construction of a conventional thin film transi-
stor;

Fig. 3 1is a graph showing the characteristics of the con-
ventional thin f£ilm transistor;

Figs. 4{a}) to 4{(d) are cross-sectional views showing pro-
cess steps of an embodiment in which a thin film
transistor having a structure which is known as a
means for reducing the OFF-current is realized;

Fig. 5 1is a graph showing the characteristics of the thin
film transistor according to the present invention;

Figs. 6(a) to 6(c), Figs. 7{(a) to 7(c), Figs. 8(a) to 8(c),
Figs. 9(a) to 9(c}, Figs. 10{(a) to 10{(d), Figs.
"11(a) to 11(d4), Figs. 12(a) to 12(d), Figs. 13(a)
to 13(d), Figs. 14(a) to l4(c}, and Figs. 15(a) to
15(c) are cross-sectional views showing process
steps of embodiments of the manufacturing method

according to the present invention; and

Fig. 16 is a cross-sectional view showing an example of the
construction of the thin film transistor.



+Fig. 13 is a cross-sectional view show ng the process steps of another
enbodi nent by which a thin filmtransistor of the present invention is
realized. Patterns 1302 and 1303 which are conposed of a silicon thin
film of such as polycrystalline silicon gr anorphous sili- con, are forned

on an insul ating substrate 1301 of glass,4quartz, sapphire or the like. A

pattern 1304 conposed of a silicon thin film of such as polycrystalline
silicon or anorphous silicon, is disposed so as to be in contact with the
top side of the two areas in such a manner as to con- nect these two areas.
Next, formed in turn on aII of the above are a gate insulation film 1305

h 1 | de. t |l fii 1306
ahi ch- serves R8%ncAspeat. Frafeiatal o% Fk bEBsebrc ARSIRE R, 5o Thati de
film etc. (SeacEeygized(an) thatNexgate eégcsrogat tloes p8®Soverflapmad on the

silicon oxi desEthblﬁﬁ':‘Zab&nﬁs 'a”&rﬁlﬁhQEQaEt eRbRIi6ECHRI g4e rolinel LR &

pattern as a nask & 8 i con oxide film 1307 is selecti- vely etched (See
Fig. 13(b)). so~calle offset structure.

As can be understood from the characteristics of a conven-
tional thin film transistor shown in Fig. 3, the OFF-cur-
rent depends upon the géte voltage, and more particularly,
depends upon -the voltage between the gate and, the drain.
The value of the OFF-current becomes a minimum in the vi-
cinity of a gate voltage of O V if an impurity used to con-
trol a threshold value is not added to the channel section.
That is, it can be said that if the electric field applied
between the gate and the drain is reduced, the OFF-current
can be reduced. As regards a method of reducing the elec-
tric field applied to the gate and the drain, a method of -
lowering the impurity concentration of the drain end is
known. This method will be explained with reference to Fig.
4.

A pattern 402 composed of a silicon thin £ilm, of such as
polycrystalline silicon or amorphous silicon, is formed on
an insulating substrate 401 of glass, quartz, sapphire or
the like. Next, all of the above is coated with a gate in-
sulation film 403 such as a silicon oxide film, etc. Formed
thereon is a gate electrode 404 composed of a metal, a
‘transparent electrically-conductive film, a polycrystalline
silicon film to which an impurity which serves as a donor
or an acceptor is added, etc. (See Fig. 4(a)).

Next, by adding, for example, approximately 1 x 10%'¢ cm-2
of the impurities which serve as a donor or an acceptor by
ion implantation, a low-concentration source area 405 and a



» Then, with the silicon oxide film 1107 as a nmask, the elec- trically
conductive film 1106 is selectively etched and a gate el ectrode 1309 is
formed. Thereafter, the resist pat- tern 1307 is renoved. Then, after an -
insulation film1310 such as a silicon oxigde film etc. has been formed on
all of the above, this silicon oxide film1310 is etched by anisotropic
etching so that it remains on the side wall of the gate el ectrode 1309. At
this time, the gate electrode 1309 is coated with the silicon oxide filns
1307 and 1310. Then, by adding an inpurity which serves as a donor or an
acceptor by i dowrocpheehsirasnonadsalih- azleiag406 aver formedaself-aligned

16 1311 apdeqt 28kbedl! 83e¢ndr 3ae?kidctibde?Bal A50RIAFigEC 4 (b)) .

Then, after an insulation film 407 of, for example, silicon
oxide, has been formed on all of the above, this insulation
film 407 is etched by anisotropic etching so that it re-
mains only on the side wall of the gate electrode 404.
Next, by -adding, for éxample. approximately 1 x 1013 cm~2
of the impurities which serve as a donor or an acceptor by
ion implantation, a source area 408 and a drain area 409
are formed in a self-aligned manner. The silicon oxide film
407 that remained on the side wall of the gate acts as a
stopper at the time of ion implantation and a transistor
having a low concentration in the drain end section is for-
med (See Fig. 4(c)).

Thereafter, a source electrode 410 and a drain electrode
411 which are composed of a metal, a transparent electri-
cally-conductive film, etc. are respectively connected to
the source area 408 and the drain area 409 according to the
usual processes.

However, this method still has problems described below.
Firstly, the drain is formed by ion implantation as ex-
plained with reference to Fig. 4. Owing to this, the cry-
stal structure is degraded and the trap state density beco-
mes higher in the silicon thin film constituting the drain
.section. '

The trap state density in the silicon film composing the
drain is another major parameter which determines the OFF-
current in addition to the electric field applied to the
drain. Therefore, the effect of this method is lessened and
the decrease in OFF-current is less pronounced.



+Fig. 13(c)). Thereafter, a source electrode 1313 and a drain el ectrode
1314 which are conposed of a netal, a transparent electri- cally-conductive
film etc. are respectively connected to the source area 1311 and the drain
area 1312 according to the usual processes; Thus, a thin filmtransistor
according to the present invention is conpleted (See Fig. 13(d)).

Enbodinent 9 Fig. 14 is a cross-sectional view show ng the process steps of
anot her enbodi nent by which a thin filmtransi stor of the present invention
is realized. A pattern 1402 which is conposed of a silicon thin film of
such as pol ycrmhed alddond Probl@m ds amatpuies minlberof iprabessed auctamns

of the above nov Apag Akt ol ¥ < i st Y BESEAE cuch as a silicon
oxide film etc. Formed thereon is a gate el ectrode 1404 conposed of a
netal , an el eqiyd GRlreteRd W it fthih 3 180 otensiletldy ¥ Siid Gedddun to
which an inpurity is added, etc. ee Fig.
invention effectively lowers the voltage between the gate
and the drain during off time, since the gate electrode is
formed in the so—-called offset structure in which the gate
electrode does not overlap the source area or the drain
area. Also, the crystal structure in an edge portion of the
drain is not ‘degraded. Hence, the value of the OFF-current
in the vicinity of a gate voltage of 0 V in a conventional
transistor can be maintained for gate voltages less than
0 V according to the invention as shown in Fig. 5. The OFF-
characteristics of the thin film transistor can be improved
greatly. On the other hand, the ON-current is not signifi~
cantly decreased as compared to a conventional transistor.
The reason therefor is that in a thin film transistor, be-
cause the silicon layer of the channel section is thin, the
range over which a depletion layer extends is limited and
an inversion layer is likely to be formed. Therefore, if
the length of the offset section is optimized, a decrease
in the ON-current can be suppressed. As a result, it has
become possible to provide a thin film transistor having
excellent characteristics because of a large ON/OFF ratio.

The present invention will be explained in the following.

Fig. 1 is a cross-sectional view showing the construcpion
of a thin film transistor according to the present inven-
tion. A source area 102 and a drain area 103 which are com-
posed of a silicon thin film, of such as polycrystalline
silicon or amorphous silicon, to which an impurity which
serves as a donor or an acceptor is added, are formed on an
insulating substrate 101 of glass, guartz, sapphire or the
like. A channel area 104 composed of a silicon thin film,



+14(a)). Next, after an insulation film 1405, for exanple, a silicon oxide
film has been fornmed on all of the above, the insu- lation film 1405 and
the gate insulation film 1403 are se- lectively etched so that at |east a-
part of the pattern 1402 is exposed. Next, qpatterns 1406 and 1407 which are
conposed of a polycrystalline silicon film to which an im purity is
added, are forned in a manner as to connect to the pattern 1402. These
patterns act as source and drain area, respectively.
17

of such as polycrystalline silicon or amorphous silicon, is

disposed so as to be in 'contact with the source area and
the drain area in such a manner as to connect these two

- areas. A source electrode 105 composed of a metal, a trans-
parent electrically-conductive film, etc. is disposed so as
to be in contact with the source area 102, and a drain
electrode 106 is disposed so as to be in contact with the
drain area 103. All of the above is coated with a gate in-
sulation film 107 such as a silicon oxide film, etc. A gate
electrode 108 composed of a metal, a transparent electri-
cally-conductive film, etc. is disposed in such a manner as
not to cover either the source area 102 or the drain area
103 at the least. The gate insulation film 107 also acts as
an interlayer insulation film for maintainihg the insula-
tion between interconnections.

Embodiment 1

Such a thin film transistor can be realized by a process
described below. Fig. 6 is a cross-sectional view showing
process steps by which a thin film transistor of the pre-
sent invention is realized. Patterns 602 and 603 which are
composed of a silicon thin film, of such as polycrystalline
silicon or amorphous silicon, are formed on an insulating
substrate 601 of glass, quartz, sapphire or the 1like. A
pattern 604 composed of a silicon thin film, of such as
polycrystalline silicon or amorphous silicon, is disposed
so as to be in contact with the top side of the two areas
in such a manner as to connect these two areas. Next, all
of the above is coated with a gate insulation film 605 such
as a silicon oxide film, etc. Formed thereon is a gate
electrode 606 composed of a metal, a transparent electri-
cally-conductive film, a polycrystalline silicon film to
which an impufity which serves as a donor or an acceptor is
added, etc. (See Fig. 6(a)).



Thereafter, a source electrode 1408 and a drain el ectrode 1409 which are
conposed of a metal, a transparent electri- cally-conductive film etc. are
respectively connected to the source area 1406 and the drain area 1407
according to the usual processes. Thus, a thin filmtransistor according to
the present invention is conpleted (See Fig 14(c)). Enbodi ment 10 Fi g.

15 is a cross-sectional view show ng process steps of another enbodi nent by
which a thin filmtransistor of the present invention is realized.

Patterns 1502 and 1503 which are conposed of a silicon thin film of such

I tal r S i o] for d on_an
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metal, an el ecgpjgatlye COPHHCLYEcbh! BkifePPiYR 86T 2L REa on the side
wall of the gate is effectively a thick film when seen from
a vertical direction and serves as a stopper for ions im-
planted. As a result, a transistor having an offset struc-
ture is formed (See Fig. 6(b)).

Thereafter, a source electrode 610 and a drain electrode
611 which are composed of a métal, a transparent electri-
cally-conductive film, etc. are respectively connected to
the source area 608 and the drain area 609 according to the
usual processes. Thus, a thin film transistor according to
the present invention is completed (See Fig. 6(c)).

"Embodiment 2

Fig. 7 is a cross-sectional view showing the process steps
of another embodiment by which a thin film transistor of
the present'invention is realized. Patterns 702 and 703
which are composed of a silicon thin film, of such as poly-
crystalline silicon or amorphous silicon, are formed on an
insulating substrate 701 of glass, quartz, sapphire or the
like. A pattern 704 composed of a silicon thin film, of
such as polycrystalline silicon or amorphous silicon, is
disposed so as to be in contact with the top side of the
two areas in such a manner as to connect these two areas.
Next, all of the above is coated with a gate insulation
film 705 such as a silicon oxide film, etc. Formed thereon
is a gate electrode 706 composed of a metal, a transparent
electrically-conductive film, a polycrystalline silicon
film to which an impurity is added, etc. (See Fig. 7(a)).



»to which an inpurity is added, etc. (See Fig. 15(a)). Then, an insulation
film 1507, for exanple, a silicon oxide film etc. is fornmed on all of the
above. Next, a resist pattern 1508 is fornmed thereon by using a photo
etching technique. Wth this pattern as a mask, by adding an inpu- rity
whi ch serves as a donor or an acceptor toS%t |east a part of each of the
patterns 1502 and 1503 by ion inplanta- tion,. a source area 1509 and a
drain area 1510 are forned (See Fig. 15(b)).

Next, after an insulation film 707 of, for example, silicon
oxide, has been formed on all of the above, this insulation
£ilm 707 is etched by anisotropic etching so that it re-
mains only on the side wall of the gate electrode 706.
Next, by adding an impurity which serves as a donor or an
acceptor by ion implantation; a self-aligned source area
708 and a self-aligned drain area 709 are formed. At this
time, the silicon oxide film 707 that remained on the side
wall of the gate serves as a stopper for ions implanted. As
a result, a transistor having an offset structure is formed
(See Fig. 7(b)}. '

Thereafter, a source electrode 710 and a drain electrode
711 which are composed of a metal, a transparent electri-
cally~conductive film, etc. are respectively connected to
the source area 708 and the drain area 709 according to the
usual processes. Thus, a thin film transistor according to
the present invention is completed (See Fig. 7(c)).

Embodiment 3
Fig. 8 is a cross—sectional view showing the process steps
of another embodiment by which a thin film transistor of

the present invention is realized.

Patterns 802 and 803 which are composed of a silicon thin
film, of such as polycrystalline silicon or amorphous sili-
con, are formed on an insulating substrate 801 of glass,
quartz, sapphire or the like. A pattern 804 composed of a
silicon thin film, of such as polycrystalline silicon or

- amorphous silicon, is disposed so as to be in contact with
the top side of the two areas in such a manner as to con-
nect these two areas. Next, all of the above is coated with
a gate insulation film 805 such as a silicon oxide film,
etc. Next, formed in turn thereon is an electrically con-
ductive film 806 which serves as a gate electrode (See Fig.



*Thereafter, the resist pattern 1508 is renoved. A source electrode 1511 and

a.drain electrode 1512 which are conpo- sed of a netal, a transparent

el ectrically-conductive film etc. are respectively connected to the source

area 1509 and the drain area 1510 according to the usual processes. Thus, a

thin filmtransistor according to the presedt invention is conpleted (See
Fig. 15(c)). In the above, enbodinents for realizing the present inven-

ti on have been explained. The present invention can be re- alized by using
material s other than those nentioned above w thout departing fromthe
spirit and scope of the present jnvention. The enbodi nents have been

expl ai ned chi (32 by Naithyi Ry ZeShsuRAeTh T Af tIRFReH KheSke fleftrion
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drain el ectrodgs andidfd}S or dibddddptor by ion implantation, a self-alig-
' ned source area 809 and a self-aligned drain area 810 are
formed. Then, the resist pattern 807 is removed (See Fig.
N 8(b)). '

Thereafter, a source electrode 811 and a drain electrode
812 which are composed of a metal, a transparent electri-
cally-conductive film, etc. are respectively connected to
the source area 809 and the drain area 810 according to the
usual processes. Thus, a thin film transistor according to
the present invention,é is completed (See Fig. 8(c)). |

Embodiment 4

Fig. 9 is a cross-sectional view showing the process steps
of another embodiment by which a thin film transistor of
the present invention is realized.

Patterns 902 and 903 which are composed of a silicon thin
film, of such as polycrystalllne silicon or amorphous sili-
con, are formed on an insulating substrate 901 of glass,
quartz, sapphire or the like. A pattern 904 composed of a
silicon thin film, of such as polycrystalline silicon or
amorphous silicon, is disposed so as to be in contact with
the top side of the two areas in such a manner as to con-
nect these .two areas. Next, all of the above is coated with
a gate insulation film 905 such as a silicon oxide film,
etc. Next, formed in turn thereon is an electrically con-
ductive film 906 which serves as a gate electrode (See Fig.
9(a)).



.

As has been expl ai ned above, with the thin filmtransistor of the present

i nvention, it is possible to reduce the OFF- current dramatically w thout

reducing the ON-current. This thin filmtransistor is a breakthrough

i nvention which pa- ves the way particularly for an integrated driver

built-in a large type liquid crystal displldy. In addition, a consi- derable

I nprovenent in the performance of the display and a reduction in costs

t hereof can be expected when a conven- tional thin filmtransistor is

replaced with the thin filmtransistor of the present invention. For

exanple, in a con- 19
Next, a resist pattern 907 is formed on the electrically
conductive film 906 by using a photo etching technique.
With this pattern as a mask, the electrically conductive
film 906 is selectively etched, and a gate electrode 908 is
formed. Then, by adding an impurity which serves as a donor
or an acceptor by ion implantation, a self-aligned source
area 909 and a self-aligned drain area 910 are formed with
respect to the gate electrode. Then, the gate electrode 908
is etched in such a way that it becomes small relative to
the resist pattern. Thereafter, the resist pattern 907 is

removed (See Fig. 9(b)).

Thereafter, a source electrode 911 and a drain electrode
912 which are composed of a metal, a transparent electri-
cally-conductive film, etc. are respectively connected to
the source area 909 and the drain area 910 according to the
usual processes. Thus, a thin film transistor according to
the present invention is completed (See Fig.9(c)).

Embodiment 5

Fig. 10 is a cross-sectional view showing the process steps
of another embodiment by which a thin film transistor of
the present invention is realized. |

Patterns 1002 and 1003 which are composed of a silicon thin
film, of such as polycrystalline silicon or amorphous sili-
con, are formed on an insulating substrate 1001 of glass,
guartz, sapphire or the like. A pattern 1004 composed of a
silicon thin film, of such as polycrystalline silicon or
amorphous silicon, is disposed so as to be in contact with
the top side of the two areas in such a manner as to con-
nect these two areas. Next, formed in turn thereon are a
gate insulation film 1005 such as a silicon oxide film,
etc., an eleéctrically conductive film 1006 which serves as



.ventional liquid crystal display, since the OFF-current of a thin film
transi stor used in the pixel section thereof is large, transistors are
connected in series in order to re- duce the OFF-current. However, the
above does not have to be done if the thin filmtransistor of the present
inven- tion is used and therefore the yielld and the picture qua- lity of
the di splay can be enhanced. As set forth herein above, the present

i nvention can be used for all applications for which thin filmtransistors
are used, such as imge sensors, liquid crystal di spl ays, etc. The present

I nvention nmakes a.qreat torib He | vi_ng _t for e of
t he above dechggt% 51 g%%%@g,ngh hg EgéFg gBF% a@ @%ﬂTﬁbn OQEEF
film, etc. (See Flg. 10(a)).

Next, a resist pattern 1008 is formed on the silicon oxide
film 1007 by using a photo etching technigue. With this
pattern as a mask, the silicon oxide film 1007 is selecti-
vely etched (See Fig. 10{(b)).

Thereafter, the resist pattern 1008 is removed. Then, with
the silicon oxide film 1007 as a mask, the eIéctrically
conductive film 1006 is gselectively etched in such a way
that it becomes small relative to the silicon oxide film
pattern 1007. Thus, a gate electrode 1009 is formed. Then,
by adding an impurity which serves as a donor or an accep-
tor by ion implantation, a source area 1010 and a drain
area 1011 are formed in a self-aligned manner with respect
to the gate electrode (See Fig. 10(c)).

Thereafter, a source electrode 1012 and a drain electrode
1013 which are composed of a metal, a transparent electri-
cally—conducive film, etc. are respectively connected to
the source area 1010 and the drain area 1011 according to
the usual processes. Thus, a thin film transistor according
to the present invention is completed (See Fig. 10(d4)).

Embodiment 6

Fig. 11 is a cross-sectional view showing the process steps
of another embodiment by which a thin film transistor of
the present invention is realiied.

Patterns 1102 and 1103 which are composed of a silicon thin
film, of such as polycrystalline silicon or amorphous sili-
con, are formed on ah insulating substrate 1101 of glass,
quartz, sapphire or the like. A pattern 1104 composed of a
silicon thin film, of such as polycrystalline silicon or



20 CLAIMS 1.

A thin filmtransistor, conprising: a source area

and a drain area which are conposed of a silicon thin filmto which

an inmpurity which serves as a donor or an acceptor is added,;

a channel area conposed of the silicon thin filmfornmed between said

source area and said drain area in contact1ldi th said source area and

said drain area; a gate insulation filmforned in such a nanner as

to cover said source area, said drain area, and said channel area;

and a gate el ectrode disposed on said gate insulation f|In1_3h§re!n
[ | rain
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the top side of the two areas in such a manner as to con-
nect these two areas.

Next, formed in turn on all of the above are a gate insula-
tion film 1105 such as a silicon oxide film, etc., an elec-
trically conductive film 1106 which serves as a gate elec-—
trode, and a film 1107 such as a silicon oxide film, etc.
{See Fig. 11(a)).

Next, a resist pattern 1108 is formed on the silicon oxide
film 1107 by using a photo etching technique. With this
pattefn as a mask, the silicon oxide film 1107 is selecti-
vely etched (See Fig. 11(b)).

Thereafter, the resist pattern 1108 is removed. Then, with

-the silicon oxide film 1107 as a mask, the electrically

conductive film 1106 is selectively etched and a gate elec-
trode 1109 is formed. Then, by adding an impurity which
serves as a donor or an acceptor by ion implantation, a
self-aligned source area 1110 and a self-aligned drain area
1111 are formed. Next, the gate electrode 1109 is selecti-
vely etched in such a way that the gate electrode 1109 be-
comes small relative to the silicon oxide film 1107 (See
Fig. 11(c))..

Thereafter, a source electrode 1112 and a drain electrode
1113 which are composed of a metal, a transparent electri-
cally-conductive film, etc. are respectively connected to
the source area 1110 and the drain area 1111 according to
the usual processes. Thus, a thin film transistor according
to the present invention is completed (See Fig. 11(d)).



2. Athin filmtransistor as clained i.n claim 1, wherein said gate
el ectrode does overlap neither said source area nor said drain area. 3.
Athin film transistor as clainmed in claim 1, wherein said gate

el ectrode does not overlap said drain area. 4. A met hod of manufacturing
the thin filmtransistor as claimed in 14 claim1, conprising the steps
of : formng an el enent area by selectively etching a silicon thin
film forming in turn said gate insulation film and an electrically

conductive filmfor said gate electrode on said silicon thin film
formng said g@ﬁgoggﬁghEOQe by selectively etching said electrically

conductive fil
Flg. 12 is a cross-sectional view showing the process steps

of another embodiment by which a thln film transistor of
the present invention is realized.

Patterns 1202 and 1203 which are cdmposed of a silicon thin
film, of such as polycrystalline silicon or amorphous sili-
con, are formed on an insulating substrate 1201 of glass,
quartz, sapphire or the like. A pattern 1204 composed of a

- ' silicon thin film, of such as polycrystalliné silicon or

' amorphous silicon, is disposed so as to be in contact with
the top side of the two areas in such a manner as to con-
nect these two areas. Next, formed in turn on all of the
above are a gate insulation film 1205 such as a silicon
oxide film, etc. and an electrically conductive film 1206
which serves as a gate electrode (See. Fig. 12(a}).

Next, a resist pattern 1207 is formed on the electrically
conductive film 1206 by using a photo etching technique.
With this pattern as a mask, the electrically conductive
film 1206 is selectively etched and a gate electrode 1208
is formed (see Fig. 12(b)).

* Then, by adding an impurity which serves as a donor or an
acceptor by ion implantation, a self-aligned source area
1209 and a self-aligned drain area 1210 are formed. Next,
the gate electrode 1208 is selectively etched so as to be
small (See Fig. 12{(c)).

Thereafter, a source electrode 1211 and a drain electrode
1212 which are composed of a metal, a transparent electri-
cally-conductive film, etc. are respectively connected to
the source area 1209 and the drain area 1210 according to
the usual processes. Thus, a thin film transistor according

to the present invention is completed (See Fig. 12(d)).



21 formng said source area and said drain area in a self-aligned
manner by adding an inpurity which serves as a donor or an accept or
after an insulation filmhas been formed on said gate el ectrode. 5.
A nmet hod of manufacturing the thin filmtransistor as clainmed in

claim1, conprising the steps of: fok¥ing an el ement area by

sel ectively etching a silicon thin film formng in turn said gate
insulation filmand an electrically

Embodiment 8

Fig. 13 is a cross-sectional view showing the process steps
of another embodiment by which a thin film transistor of
the present invention is realized.

Patterns 1302 and 1303 which are composed of a silicon thin
film, of.such as polycrystalline silicon or amorphous sili-
con, are formed on an insulating substrate 1301 of glass,
quartz, sapphire or the like. A pattern 1304 composed of a
silicon thin film, of such as polycrystalline silicon or
amorphous silicon, is disposed so as to be in contact with
the top side of the two areas in such a manner as to con-
nect these two areas. Next, formed in turn on all of the
above are a gate insulation film 1305 such as a silicon
oxide film, etc., an electrically conductive film 1306
which serves as a gate electrode, and a film 1307 such as a
silicon oxide film, etc. (See Fig. 13(a)).

Next, a resist pattern 1308 is formed on the silicon oxide
film 1307 by.using a photo etching technique. With this
pattern as a mask, the silicon oxide film 1307 is selecti-
vely etched (See Fig. 13(b)}.

Then, with the silicon oxide film 1107 as a mask, the elec-
trically conductive film 1106 is selectively etched and a
gate electrode 1309 is formed. Thereafter, the resist pat-
tern 1307 is removed. Then, after an insulation £ilm 1310
such as a silicon oxide film, etc. has been formed on all
of the above, this silicon oxide film 1310 is etched by
anisotropic etching so that it remains on the side wall of
the gate electrode 1309. At this time, the gate electrode
1309 is coated with the gilicon oxide films 1307 and 1310.
Then, by adding an impurity which serves as a donor or an
accéptor by ion implantation, a self- aligned source area



.conductive filmfor said gate electrode on said silicon thin film

formng said gate el ectrode by selectively etching said electrically
conductive filmwth a pattern conposed of a nask material as a - mask
in such a way that it becones snall relatiye to the pattern conposed
of the mask material; and form ng said source area and said drain
area in a self-aligned manner by adding an inpurity which serves as a
donor or an acceptor after an insulation filmhas been formed on said
gate el ectrode. 6. A nmet hod of manufacturing the thin film

transi stor as t3hlneadia self alignedndratenpresi hyldrret Epsmed: (See

form ng an el epppt f5ed Py selectively etching a silicon thin film

forming in turn said gate insulation filmand an electrically

Thereafter, a source electrode 1313 and a drain electrode
1314 which are composed of a metal, a transparent electri-
cally-conductive film, etc. are respectively connected to
the source area 1311 and the drain area 1312 according to
the usual processes. Thus, a thin film transistor according
to the present invention is completed (See Fig. 13(d)).

Embodiment 9 :

Fig. 14 is a cross—-sectional view showing the process steps
of another embodiment by which a thin film transistor of
the present invention is realized.

A pattern 1402 which is composed of a silicon thin film, of
such as polycrvstalline silicon or amorphous silicon, is
disposed on an insulating substrate 1401 of glass, quartz,
sapphire or the like. Next, all of the above is coated with
a gate insulation film 1403 such as a silicon oxide film,
etc. Formed thereon is a gate electrode 1404 composed of a
metal, an electrically conductive film, a polycrystalline
silicon film to which an impurity is added, etc. (See Fig.
l4(a)}.

Next, after an insulation f£ilm 1405, for example, a silicon
oxide film, has been formed on all of the above, the insu-
lation film 1405 and the gate insulation film 1403 are se-
lectively etched so that at least a part of the pattern
1402 is exposed. Next, patterns 1406 and 1407 which are
composed of a polycrystalline silicon film, to which an im-
purity is added, are formed in a manner as to connect to
the pattern 1402. These patterns act as source and drain
area, respectively.



. cohdugtive filmfor said gate electrode on said silicon thin film

22 + formng said gate el ectrode by selectively etching said
electrically conductive filmwth a pattern conposed of a nask
material as a mask; form ng said source area and said drain
area in a self-aligned manner by addifig an inpurity which serves as a

donor or an
maki ng sai d

acceptor after an insulation filmhas been fornmed; and

Thereafter, a source electrode 1408 and a drain electrode

1409 which are composed'of a

metal, a transparent electri-

cally~conductive film, etc. are respectively connected to

the source area 1406 and the
the usual processes. Thus, a

drain area 1407 according to
thin £film transistor according

to the present invention is completed (See Fig. 14(c)}.

Embodiment 10
Fig. 15 is a cross-sectional

view showing proéess steps of

another embodiment by which a thin film transistor of the

present invention is realized.

Patterns 1502 and 1503 which

are composed of a silicon thin

£film, of such as polycrystailine silicon or amorphous sili-

con, are formed on an insulating substrate 1501 of glass,
quartz, sapphire or the like. A pattern 1504 composed of a
silicon thin film, of such as polycrystalline silicomn or
amorphous silicon, is disposed so as to be in contact with

the top side of the two areas in such a manner as to con-

nect these two areas. Next,

all of the above is coated with

a gate insulation film 1505 such as a silicon oxide film,
etc. Formed thereon is a gate electrode 1506 composed of a
metal, an electrically conductive film, a polycrystalline
to which an impurity is added, etc. (See Fig. 15{a)).

Then, an insulation film 1507, for exémple, a silicon oxide
film, etc. is formed on all of the above. Next, a resist

pattern 1508 is formed thereon by using a photo etching

technique. With this pattern
rity which serves as a donor
part of each of the patterns
tion, a source area 1509 and
(See Fig. 15(b}).

as a mask, by adding an impu-
or an acceptor to at least a
1502 and 1503 by ion implanta-
a drain area 1510 are formed



+gate €electrode small relative to the pattern conposed of the mask

material; 7. A net hod of manufacturing the thin filmtransistor as
clainmed in claim1l1, conprising the steps of: form ng an el enent
area by selectively etching a silicon thin film formng in turn said
gate insulation filmand. an electrically 18 conductive filmfor said
gate electrode on said silicon thin film- formng said gate el ectrode
by selectively etching said electrically conductive filmwth a
pattern conposed of a nask material as a mask; renovi ng said

. pattern conposed of the mask material; form ng said source area and

said drai n areBh¢pneafters-bhegnegist pattern 1508 is removed. A source
electrode 1511 and a drain electrode 1512 which are compo-
sed of a metal, a transparent electrically-conductive film,
etc. are respectively connected to the source area 1509 and
the drain area 1510 according to the usual processes. Thus,
a thin film transistor according to the present invention
is completed (See Fig. 15(c}).

In the above, embodiments for realizing the present inven-

- tion have been explained. The present invention can be re-
alized by using materials other than those mentioned above
without departing from the spirit and scope of the present
invention. The embodiments have been explained chiefly by
showing a structure in which the thickness of silicon films
of at least a part of a source area and a drain area is
different from that of a channel section. However, as shown
in Fig. 16, a thin film transistor having a structure in
which the thickness of silicon films of, for example, the
source area 1601 and the'drain area 1602, is the same as
that of the'éhannel area 1603, maf be used without depar-
ting from the spirit and scope of the present invention. In
Fig. 16, 1605 is a gate insulation film, 1604 a gate elec-
trode, 1606 a source electrode, 1607 a drain electrode and
1608 a substrate. .

As has been explained above, with the thin film transistor
of the present invention, it is possible to reduce the OFF-
current dramatically without reducing the ON-current. This
thin film transistor is a breakthrough invention which pa-
ves the way particularly for an integrated driver built-in
a large type liquid crystal display. In addition, a consi-
derable improvement in the performance of the display and a
reduction in costs thereof c¢an be expected when a conven-
tional thin film transistor is replaced with the thin film
transistor of the present invention. For example, in a con-



.nadner by adding an inpurity which serves as a donor or an acceptor

after an insulation filmhas been fornmed; and maki ng said gate

el ectrode small relative to the pattern conposed of t he mask

mat eri al . 23 8. A net hod
of manufacturing the thin filmtransistor Im which said gate

el ectrode does not overlap said source area or said drain area as
claimed in claim1, conprising the steps of:

ventional liquid crystal dispiay, since the OFF-current of
a thin film transistor used in the pixel section thereof is
large, transistors are connected in series in order to re-
duce the OFF-current. However, the above does not have to
be done if the thin film transistor of the present inven-
tion is used and therefore the yield and the picture qua-
lity of the display can be enhanced.

As set forth herein above, the present inveng%on can be

- used for all applications for which thin film transistors
are used, such as image sensors, liguid crystal displays,
etc. The present invention makes a great contribution to-
ward improving the performance of the above devices and re-
ducing the costs thereof. '



»formng an el enent area by selectively etching a siHcon-thin film
fformng in turn said gate insulation film an electrically conductive

o et on g et o 2 e R

whi ch an insulation filmremins on top of the gate “el'tctr ode area
only by selectively etching in turn said first insulation film and
sai d el ectrically conductive film form ng a second
insulation filmon said gate el ectrode; etching said second

i nsul ation fi kiakY j@3Nic3@kimekl Gset ching in such a manner as to remain
‘on the side walT of said gate electrode at the | east; and

form ng said source area and said drain area by formng a silicon

1. A thin film transistor, comprising:

a source area (102) and a drain area (103) which are
composed of a silicon thin film to which an impurity which
serves as a donor or an acceptor is added:;

a éhannel area {104) composed of the silicon thin
film formed between said source area and said drain area in
contact with said source area and said drain area;

a gate insulation film (107) formed in such a manner
as to cover said source area, said drain area, and said
channel area; and

a gate electrode (108) disposed on said gate insu-~
lation film, wherein said gate electrode does not overlap
sald source area or said drain area.

2. A thin film transistor as claimed in c¢laim 1,
wherein said gate electrode does overlap neither said
source area nor said drain area.

3. A thin film transistor as claimed in claim 1,
wherein said gate electrode does not overlap said drain

area.

4. A method of manufacturing the thin film transistor
as claimed in claim 1, comprising the steps of:

forming an element area by selectively etching a si-
licon thin film;

forming in turn said gate insulation film and an
electrically conductive film for said gate electrode on
said silicon thin film:

forming said gate electrode by selectively etching
said electrically conductive film; and

heet Has Been Re laced
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film to which an I mpurity which serves as a donor or an acceptor is

added, on a part of said elenent area. 9. A‘nethod—e%—ﬁ&nuiacLuang_the
thin filmtransistor in which said gate el ectrode does not overla
said source area or said drain area as . c alneii@umm,&ummumm
conprising the steps of: form ng an el ement a y

etching a silicon thin film
forming in turn said gate insulation film and an electrically

forming said source area and said drain area in a
self-aligned manner by adding an'impurity which serves as a
donor or an acceptor after an insulation film has been for-
med on said gate electrode.

5. A method of manufacturing the thin film transistor
as claimed in claim 1, comprising the steps of:

forming an element area by selectively etching a si-
licon thin film;

forming in turn said gate insulation film and an
electrically conductive film for said gate electrode on
said silicon thin film;

forming said gate electrode by selectively etching
said electrically conductive film;

forming an insulétion film on said gate electrode by
anisotropic etching in such a manner as to remain on the
side wall of said gate electrode at the least; and

forming said source area and said drain area in a
self-aligned manner by adding an impurity which serves as a
donor or an acceptor after an insulation film has been for-
med on said gate electrode.

6. A method of manufacturihg the thin film transistor

as claimed in claim 1, comprising the steps of:
" forming an element area by selectively etching a si-

licon thin film;

forming in turn said gate insulation film and.-an
electrically conductive film for said gate eleciréde on
said silicon thin film; |

forming said gate electrode by selectively etching
said electrically conductive film with a pattern combosed
of a mask material as a mask in such a way that it becomes
small relative to the pattern composed of the mask mate-—

rial; and

e
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.chdubtive filmfor said gate electrode on said silicon thin film
formng said gate el ectrode by selectively etching said electrically
conductive film form ng a nmask pattern sucq' . mgd gate
el ectrode which overlaps th channel area at mﬂlmﬂulm(ﬂm‘ﬂm :
form ng said source area and said drain arda by adding ah ifpurity -
whi ch serves as a donor or an acceptor with said mask pattern as a
mask. 10. A nethod of a thin filmtransistor conprising a source area and
a drain area which are conposed of a silicon thin filmto which an
I mpurity which serv r p d nnej
area conposed of thgﬁgﬁﬁn%b %3% ﬁ%%F%% %%% E%befaéﬁ G%%i 5%%% it
self-aligned manner by addlng an 1mpur1ty,wh1ch serves as a

donor or an acceptor after an insulation £ilm has been for-
med on said gate electrode.

7. A method of manufacturing the thin f£ilm transistor
as claimed in claim 1, comprising the steps of:

forming an element area by selectively etching a si-
licon thin film;

forming in turn said gate insulation film and an
electrically conductive film for said gate electrode on
said silicon thin £film;
' forming said gate electrode by selectively etching
said electrically conductive film with a pattern composed
of a mask material as a mask;

forming said source area and said drain area in a
self-aligned manner by adding an impurity which serves as a
donor or an acceptor after an insulation f£ilm has been for-
med; and making said gate electrode small relative to the
pattern composed of the mask material.

8. A methced of manufacturing the thin film transistor
as claimed in claim 1, comprising the steps of:

forming an element area bv selectively etching a si-
licon thin film,

forming in turn said gate insulation film and an
electricqlly conductive film for said gate electrode on
said silicon thin film;

forming said gate electrode bv selectively etching
Said electrically conductive film with a pattern composed
of a mask material as a mask;

removing said pattern composed of the mask material;

forming said source area and said drain area in a

self-aligned manner by adding an impurity which serves as a

Sheet Has Been Replaced

i




.area and said drain area in contact with said source area_and said

drai n~area; a gate insulation filmforned in such a manner as to

cover said source area, said drain area, and said c ‘m z“(r]m

gate el ectrode di sposed on said gate insulation fi Ip(m“ﬁ mﬂﬂml

gate el ectrode does not overlap said sourcé3area or said drain areh,
conprising the step of: formng an elenent area by etching a silicon

thin film forming in turn said gate insulation filmand a gate
el ectrode above the silicon thin film adding an inmpurity to a

part of the S'déﬁé¥]$$“£hféé£gptor after an insulation film has been for-
med; and _ _
making said gate electrode small relative to the pat-

tern composed of the mask material.

9. A method of manufacturing the thin film transistor
in which said gate electrode does not overlap said source
area or said drain area as claimed in claim.l, comprising
the steps of:

forming an element area by selectively etching a si-
licon thin film;

forming in turn said gate insulation film, an elec-
trically conductive film for said gate electrode, and a
first insulation film on said silicon thin f£ilm;

forming said gate electrode having a construction in
which an insulation film remains on top of the gate elec-
trode area only by selectively etching in turn said first
insulation film and said electrically conductive film;

forming a second insulation film on said gate elec-
trode;

etching said second insulation film by anisotropic
etching in such a manner as to remain on the side wall of
said gate electrode at the least; and

forming said source area and said drain area by for-
ming a silicon film, to which an impurity which serves as a
donor or an acceptor is added, on a part of said element

area.

10. A method of manufacturing the thin film transi-
stor in which said gate electrode does not overlap said
source area or said drain area as claimed in claim 1, com-
prising the steps of:

forming an element area by selectively etching a si-

licon thin film;
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25 formng an insulation filmon the gate insulation filmand the gate

el ectrode; selectively etching the insulation filmand the gate 1nsulation
filmso that at |least a part of the elenent area is

pattern acting as at |east one of a source_area and 3 mﬂ Iel meH“ mr
menner as to connect to the éexposed el enenfarea, an rmenguans

el ectrode so as to connect the pattern

forming in turn said gate insulation film and an
electrically conductive film for said gate electrode on
said silicon thin film; '

forming said gate electrode by selectively etching
said electrically conductive film;

forming a mask pattern such as to cover said gate
electrode which overlaps th channel area at the least; and

forming said source area and said drain area by ad-
ding an impurity which serves as a donor or an acceptor
with said mask pattern as a mask. ’
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