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Title of the Invention
THIN FILM TRANSISTOR, SOLID DEVICE, OISPLAY DEVICE ANO MANUFACTURING

METHOD OF A THIN FILM TRANSISTOR

Technical Field
The present invention relates to a thin film transistor, a
solid device such as a semiconductor device, a display device such as
a liquid crystatl display pané1, and a manufacturing method of a thin
film traﬁsistor. More particularly, the present inventinn-pertéins to
an improved tachngque of electrical characteristics of a thin film

transistor.

Background Art -
Substrate.

ln an actlve matrix base of a liquid crysta] display panel and
so on, a thin film transistor on board as its switching element is,
as is shown in Figure 20, for instance, formed in such a way that a
source area 2205 and a drain area 2206 are self-aligned, by after
formlng a gate oxidation film 2203 an the face of a silican layer

substrate  implantin

2202 on the surface of a b&se 2201, ixjectingions to it, with a gate
electrode 2204 on the surface of 2203 as a mask, to make a part of
the silicon layer electrically-conductive. A thin film transistor
having a structure shown in Figure 20, however, as is shown by a

solid line L3 in Figure 21, has a problem that an intense drain

current flows even when a negative gate voltage is applied (off state)
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to a gate electrode 2204. This could be understood as a phenomenon

in which at the end of a drain area 2206 which is biased in the
' e e o _implanted
opposite direction, a pn-junction breaks and a hale is injected. The
intensity of a drain current tends to be determined by the voltage
-denst
applied to between a gate electrode 2204 and a drain area 2206, and a
trap energy level in a si]icnnnlayer corresponding te a drain area
2206 and an end of a gate electrode 2204 near a drain area 2206.
Accordingly, a structure may be adopted where a ratio of an-off

current is increased by employing a drain structure whose field

strength is weakened (LOD structure) by establishing a low

concantrafion area at an end of a drain area corresponding to an end
of a géte electrode. In order to manufacture a thin fiim transistor
with this LDO structure, a following manufacturing method has been
adopted conventionally. First, as is shown in Figure 22(a), after
forming a pattern 2402 consisting of a silicon film on the face of a
Substrote

brse 2401, its face is caovered with a gate insulation .film 2403, on
the surface of which an electrically-conductive film 2404, which is

to_constitute a gate electrode, is formed.

Second, as is shown in Figure 22{b), a regist pattern 2405 is

formed on the face of an electrically-conductive film 2404 by

émploying a photolithography technique. 8y performing an etching
selectively, with the resist pattern 2405 used as a mask, a gate
electrode 2406, thinner than a resist pattern, is formed.

mplantin
Third, in an ion implantation method, by indecting“mpurities

iy
which are to be a donor or an acceptor, as much as 1 X 10%tm ~? for

instance, a source area 2407 and a drain area 2408 are formed in a

ty of
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self-aligned way, as in Figure 22(c). An area where iaons were not
injected on account of a gate electrode 2406 and a resist pattern
2405 becomes a channel <farmy area 2409.

Fourth, a regist pattern 2405 is removed. In order to form an
LDD structure, as is shawn in Figure 22(d), by ggglﬁglég impurities
about 1Xx 10t¢cm 2 in an ion implantation method, with a gate
electrode 2406 as a mask, low concentration areas 2410 ar ™ 2411 are
formed in an area correspanding to an end of a gate electrode 2406.

in a manufacturing method of a thin film transistor with a
conventional LOO stfucture, however, because after -a gate electrode
2406 is formed, a source area 2407, a drain area 2408 and low
concentfation areas 2410 and 2411 aré formed, when a silicon film to
which impurities are ¥§§§¥§2§{is heat-treated at about 1000C to
activate the impurities, a gate electrode 2406 is also heated.
Therefare, there arises a prablem that only materials having high heat
resistance such as a silicon compound can be used és materials of a
gate electrode 2406, at the expense of its electric resistance and so
on. |f signals are transmitted by employing wires formed
simultaneously with a gate electrode 2406, as in an active matrix
Substr'fiillquld crystal display panel, signals are retarded much on
account of the high electric resistance. There is an alternative

method in which the impurities are activated by irradiating a laser

beam partially without giving heat stress tg a gate electrode 2406.

\ densitg of .
in this methad, Tap energy lTevel is increased because the

m\flan totion
crystaliline state which was disturbed by the injeetin of impurities

cannat be restored sufficient1y. Hence an off current increases, and
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the adoptation of an LDO structure becomes meaningless.

Taking the above-mentioned problems into consideration, the
object of the present invention lies in realizing a thin film
transistor, a solid device such as a semiconductor device, a diplay
device such as a liquid crystal disp];y panel, which can imprave
e?ecffical characteristics such as off-current characteristics by the
improvement of the composition af source and drain areas and a gate

electraode, and a8 manufacturing methaod of a thin film transistor.

Oisclosure of Invention

In order to solve the above-mentioned problems, in & thin fiim
transistor according to the present invention, a channel=fmmiwy area
which.can form a chanﬁe] between a source area and a drain area, and
a gate electrode which confronts the channel-formig area through a
gate insulation film on the face of the channelfocrming area are set
up on the face of 2 bStr.m’eln a source area and a drain area, an area
which overlaps an end of a gate electrode through a gate insulation
film is a low concentration area farmed in a process prior to that of
a gate électrode, area whose impurity concentration is under 1x
ldgﬂcm", for instance. That is to say, a source area and a drain
area have a structure where the areas are formed in a process prior
to that of a gate electrode, and have a 1ow concentration area
uver1apping a gate electrode, or a source area and a drain area have a
structure where the areas as a whole are a low concentration area

farmed in a process prior to that of a gate electrode and its end

overlaps the gate electrode.
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In a thin film transistor according to the present invention,
implanting
a source area and a drain area are not formed by jecding impurities
with a gate electrode used as a mask, but are formed before a gate
. implanted
electrode is formed. Accordingly, when the hxieektad impurities are
activated, a gate electode is not formed yet. Therefore, it is
passible to activate impurities without being restricted by the heat
resistance of components of a gate electrode. More particu1ar1y, when
a thin film tTanSIStDT is formed in a low—temperature process, since
implantaTio?
a channel area can be crystallized after the izgeetiton of impurities,
i density of
a trap energy level can be reduced in a drain area correspondlng to an
end of a gate electrode and its'neighborhood. Furthermore, as it is
a low concentration area of a source area and a drain area that
. electric

confronts the gate e1ectrode,Afie1d strength is small at the end of a
gate electrode. Hence, the improvement of an off current
characteristics of a thin film transistar can be obtaianed.

¥Yhen a thin film transistor accarding to the present invention
is formed in a low-temperature praocess in which the process highest
temperature is restrained under about 600°C, it is desirable that an
activation process to foarm a low concentration area serve as a
crystallization treatment of a channel area at the same time.

That is, after forming a silicon film to constitute a low
concentration area and a channel-formHng area, impurities are
selectively, and then the crystallization treatment. is performed and
the impurities are activated at the same time. As a crystallizatian

treatment, the following methods can be adopted: a laser annealing

method, in which a silicon film is crystallized by irradiating a
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laser beam to it and impurities are activated simultaneously; a solid
phase crystallization method (SPC method), in which a silicon film is
crystallized by annealing it for a long time at a low temperature and
impurities are activated at the same time; or a rapid thermal
annealing method (RTA method), in which a silicon film is crystallized
by lamp annealing it and impurities are actfvated simultaneously.

In the present invention, it is desirable to reduce a
parasitic resistance by setting up a laow resistan;e area which
connects to a low concentration area with a high impurity
concentration, or a low resistance area which caonnects to a low
concentration area with a thick fiim respectively in a source aréa
and a drain area. It is also possible to form a channel=furming area,
a source area and a whole drain area or a part of it in a different
process.

[t is desirable fof a film in a low concentration area to have
an équa] thickness to a film in a channel—feerming—T8a. Or it is
desirable to set up the thickness of a film in a low cancentratiaon
area thin compared to the thickness of a depletion layer which is
formed in such a condition that the thickness is determined by the
impurity concentration in a low concentratian area when patential is
applied to a gate electrode. The thickness of a film in a low
concentration area is set up, for instance, under about 5004.

Such a thin film transistor can be used in various solid
qevices such as a three-dimensional integrated circuit (semicanductar
device) and an image sensor. |t is also possible to make a display

device such as a liquid crystal display panel, with a thin film
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transistor according to the present invention used as a pixel

transistor (component) in a pixel area of an active matrix array. In
this case, for example, it is possible to canstitute a thin film
transistor according to the present invention of an n-channel type
thin film transistor, while in a CMOS circuit of a drive circuit area
formed on the sames%gggmiﬁgether with an active matrix array, it is
possible to use an n-channé1'type thin film tranéistqr of the same
structure as a thin film transistar aqd a p-channel type thin film
transistor formed in a self-aligned way to a gate electrade. As
anather -combination, conversing the structure af an n-channel type -
thin film transistor and a p—-channel type thin film transistor, it is
passible fof the p-channel type thin film transistor to be of the
structuré according to the présent invention, and for the p-channel
type thin film transistor to be self-aligned. In this case, the

pixel part is constituted of a p-channel type thin film transistor.

in a pixel part, while a thin film transistor according to the

SubStrate

present invention is used, in a drive circuit formed on the same btese
together with an active matfix array, for any thin film transistor
constituting a CMOS circuit, an n-channel type thin film t}ansistor
and a p-channel type thin film transistor which are formed in a self-
aligned way to a gate electrode can be used.

Whichever combination is employed to constitute a thin film
transistor in a pixel part and a drive circuit, the impurity
concentration of each area should be, for instance, over about 1 X
10§%cm 3 in a source area and a drain area of a self-aligned thin

. A
film transistor, and under about 1Xx loébcm‘“ in a 1ow concentration
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area of a non-self-aligned thin film transistar. As to thin film
: Substrate ) ]
transistars formed on a btse, the thickness of a film of source and
drain areas of a self-aligned thin film transistor may sometimes be
equal to that of a film-in a low concentration area of a nan-self-
aligned thin film transistor.
storage Capalitan e
in an active matrix array, reteswtior—voiume is usually

connected in series to a drain area of a thin film transistor

Storage Capacitance
constituting a pixel area. The tﬂt:é&igﬁ:ctnnnity can be formed, for

. - ) . prior Stag<
example, with a scanning line in ap—opper=sfxte as an upper

electrode, a gate insulation Tilm of a thin film transistar as a
capacitor insulation film, and an extended area formed by extending a
drain area of a thin film transistor as a lower electrode.

However, when a thin film transistor is made employing a
conventional technique, that is, when source and drain areas are
formed after a gate electrode is formed, after a gate electrode is

smfﬂanffq
formed, ions cannot be iwng=cted to the lower part, therefore a
process needs to be added tao form a lower electrode under a gate line
of the u;;g: stage. 1In a thin film transistor according to the
present invention, by contrast, since at least a low concentration
area is formed before a gate e]ectrode is formed, an extended area

can be made in a drain area to be used as a lower electrode thanks to

this process.

Brief Description of the Orawings
Figure 1 is a sectional view showing a structure of a thin

film transistor accarding te the first embodiment of the present
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Figure 2(a) is a graph showing off current characteristics of
a thin film transistor shown in Figure 1; Figure 2(b) is a graph
showing off current characteristics of a thin film transistot
according to the comparative embodiment;

Figure 3(a) is an illustration showing a parasitic capacitance
of a thin film transistor shown in Figure 1; Figure 3(b) is an
illustration showing a parasitic capacitance of'a thin film transistor
according to the comparative embodiment;

Figures 4(a) to (d) are process sectionaj views shawing a'part
of a manufacturing method of a thin film transistor shown in Figure
1;

Figures 5(a) to (c) are process sectional views shawing a part
of a manufacturing methaed of a thin fj]m transistor according to the
second embodiment of the present invention;

Figures 6(a) to {d) are prbcess_sectfona] views shawing a part
of a manufacturing method of a thin film transistor according to the
third embodiment of the present invention;

Figure 7 is a sectional view showing a structure of a thin
film transistor according to the fourth embodiment of thg present
invention;

Figures 8(a) to (c) are process sectional views showing a part
of a manufacturing methad of a thin film transistor according to the
fifth embodiment of the present invention;

Figure 9 is a sectional view showing a structure of a thin

film transistor according to the sixth embodiment of the present
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Figures 10(a) to (c) are process sectional views showing a
part of a manufacturing method of a thin film transistor shaown in
Figure 9;

Figures 11(a) to (e) are process sectional views showing a
part of a manufacturing method of a CMOS.circuit (semiconductor
dévice) equipped with a thin film transistor according to the seventh
embadiment of the present inventian; |

Figure 12 is a black diagram showing a constitution of a
Tiquid crystal display panel;

Figure 13 is a plan view showing a constitution of each pixel
area in a pixel part of a liquid crystal display panel shown in Figure
12;

Figure 14 is a sectional view of a thin film transistor formed

Substrate
on an active matrix base of a-liquid crystal display panel according
to the eighth embodiment of the present invention;

Figure 15 is a sectional vieﬁ of a thin film transistor formed
on an active matrixsgg§g¢gf a liquid crystal display panel according
to the ninth embodiment aof the present invention;

Figures 16(a) to (d) are pracess sectional views showing a
part of a manufacturing method of a thin film transistor formed on an

SupstraTe '
active matrix base of a quuid crystal display panel according to the
tenth embodiment of the present invention; ‘

Figures 17(a) and (b) are process sectional views showing a

Storage Capacifor
part of a method of manufacturing a votumeITETSIIMO-PaTt in a pixel

part in a conventional liquid crystal display panel;
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Figures 18(a) to (e) are process sectional views showing a
part of a manufacturihg method of a thin film transistor formed aon an
active matrix Sga}:?er?faa liquid crystal display panel according to the
eleventh embodiment of the present invention;

Figures 19(a) to (e) are process sectional views showing a
part of a manufacturing method aof a thin fiim transistor formed on an
act1ve matr1x éasg.zg a liquid crystal dxsp1ay panel according to the
twelfth embodiment af the present invention:

Figure 20 is a sectional view showing a constitution of a
transistor;

Figure 21 is a graph showing'off current characteristics of a
conventional thin film transistor; and,

Figures 22(a) to (d) are sectional views showing a

manufacturing method of another conventional thin film transistor.
Best Mode for Carrying Out the Invention
A thin film transistor according to the present invention will

be explained belaw with reference to the drawings.

First Embodiment

Figure 1 is a sectional view showing a constitution of a thin
film transistor according to the present embadiment.

In this figure,-a thin film transistor 110 of the present

substrote
embadiment is formed on an insulation base 111 made from glass, quartz

) . substraTe
or sapphire and so aon, and has on the face of the insulation Bbase 111

an n - source area 112 and an n - drain area 113 consisting of an n -
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type silicon film (low concentration area) with the thickness of under
about S00A , for example, about 400A , to which about 1x 1019 cm -3
of phosphorus is added, and a channel-¥r#wg area 114 which lies
between an n - source area 112 and an n ~ dra%n area 113 and connects
these areas. The n ~ source area 112, the n ~ drain area 113 and the
channel=furminyg area 114 are silicon films méde by ctystallizing
amorph&us éi1icon and because the n- source area 112 the n~ drain
area 113 and the channel=for=wiwg area 114 are datermined by the
presence of impurities, the thickness of films of the n ~“Source area
112, the n d rain area 113 and the channel-—forming area 114 are
approximately the same, that is, about 400A . Qn the surfaces of
the n - source area 112, the n - drain area 113 and the channel-
£y area 114, théra'are a gate insulation film 115 consisting of
an insu1ation film such as a silicon oxidation film to cover them
a1i, and a gate electrode 116 formed on the face of the gate
insulation film 115. This gate electrode 116 is made from materials
appropriate to the function of devices to be loaded with a thin film
transistor 110, such as metal and a transparent electrically-
conductive film. The gate electrode 1)6, the n - source area 112 and
the n - drain area 113 are not made self-alignedly, and the
overlapping area of one side end 117 of the gate electrode 116 and an
end 118 of the n - source area 112, and that of the other side end
119 of the gate electrade 116 and the end 120 of the n -~ drain area
113 are relatively large. Note that 121 is an interlayer insulatian
film,. through the contact holes 122 and 123 of which a source -

electrode 124 and a drain electrode 125 connect electrically-



This Sheet Has Been Repl

[ | ——

REPLACED

conductively to the n - source area 112 and the n -~ drain area 113.
In a thin film transistor 110 with such a structure, since an

n - source area 112 and an n - drain area 113 are formed before a gate

Implanted

eIectrode 116 is formed, when wmFected 1mpur1t1es are activated in

forming an n - source area 112 and an n - drain area 113, a gate

electrode 116 is not formed yet. Accardingly, if an LCO of a Targe

pixel density
area or a hlghtg:ﬁ:ne-LCﬂ is fabricated by employing a metal

electrode with 1ow sheet resistance, for instanca, on the gate

electrode 116, the heat resistance does not restrict the activatiaon

implan-ted '
condition of the impurities tegeeted to the n~ source area 112 and
. lanted
the n - drain area 113. In other words, as the impurities i ta

make the n - saource area 112 and the n - drain area 113 can be

activated suff1c1ent1y, and at the same time the crystalline state

implantation
which was disturbed by the ingeekien of impurities can be restored

dGnSa 'C/ 0 _f
enough, .a trap energy level at the end 120 of the n ~ drain area 113
corresponding to the other side end 119 of a gate electrode 116 and
its neighborhood can be reduced. And as the n -~ drain arez 113 is a

electric

Tow concentration area,nfie1d strength is small near a gate electrode
116. Hence, the improvement of off current characteristics of a thin
film transister 110.

Moreover, an n- drain area 113 and its neighborhogd are th1n

densit energy level
and are both about 400A thick. nnmhfr);f a trap Eﬂnréééiﬂi§4
which may cause an off current tends to increase as a film becomes
thick. Therefore, as the n -~ drain area 113 and its neighborhood are
_ densit ]

thin, the numbat of a trap energy level in the areas is decreased,

which makes the off current reduce more. As can be seen in Figure
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2(a) where gate voltage-drain current characteristics of various thin
film transistors in which an n - drain area 113 and its neighborhood
are 4004, are shoﬁn by a solid line L1, and in Figure 2(b) where
gate voltage-drain current characteristics of various thin filnm
transistors in which a drain area and its neighborhood are 2000A as
a comparative embodihent. are shown by a solid line L2, it.is
confirmed that an off current is smaller in the embodiment in which a
drain area and its neighborhood are thinner (4004 thick), and that
of f current characteristics of a thin film transistor accerding to the
present embadiment are good.

Furthermore, in a thin film transistor 110 accoarding to the
present embodiment, an n~ drain area 113 neér an end of a gate

: electric
electrode 116 is flat, hence aAfield convergence occurs less aoften’
betweeq the other side end 119 of a gate electrade 116 and an end 120
of a drain electrode 113.

In a thin film transistor 110 in the present embodiment,
although an overlapping area of an n - source area 112, an n Yfrain
area 113 and a gata electrode 116 is large, the amount of impufities
implanted '
tageeted to an n~ source area 112 and an n~ drain area 113 is about 1
X 1019 cm -3 while the thickness is about 400A , therefore the

parasitic capacitance between a gate electrode 116 and an n ~ source
area 112, for instance, is minimum. In other words, in this
embodiment, noting that the thickness of a depletion layer created by
a potential between a gate electorde 116 and an n-°~ source area 112 is

determined by the impurity concentration of an n source area 112 if

the potential is fixed, the thickness of an n~ source area 112 is set
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up so thaf a depletion layer may reach the lower face of an n~ source
area 112, Explaining iﬁ detail, when a potential is appiied to
between a gate electrode 116 and an n- source area 112, as shown in
‘Figure 3(a), the first capacity C1 corresponding to a gate insulation
film 115, the second capacxty C2 corresponding to a depietion layer
126, and the third capacity C3 carrespanding ta a side of ;?&éﬁ:“ﬁ?l.
are connected in ser}es, and their combined capacity is small. By
caontrast, when an n- saurce area 112 is thick, as shawn in Figure
3(b), the lower face of a depletion layer 126 1ies halfway in the
thickness direction of an n- source area 112, and only the firs%
capacity C1 corresponding to a gate insulation film 115 and the second
capacity C2 corresponding to a depletion layer 126 are connected in
series, so their combined capacity is big. Note that here the
thickness of an n ~ source area 112 is set up at about 400A according
to the impurity concentration, 1X 1029 cm ~?* but that the thickness
of an n~ source area 112 can be set up so that a deplietion layer 126
substratfe

may reach the lower face of an n~ source area 112 (side of a Hase 111)
according to the impurity concentration. Concretely, an n- suurée
area 112 may sometimes be as thin as about 1004 , considering the
Timitation of a process on control of impurity concentration.

Next, referring to Figures 4(a) to (d}, a manufacturing method
of a thin film transistor in this embodiment wiil be explained.

Figures 4(a) to (d) are all process sectional views shawing a
part of a manufacturing method of a thin film transi;tor in this

embodiment. .

First, as is shown in Figure 4{(a), an the surface of an
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insulation base 211, a resist pattern 203 is formed employing a
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photalithography technique after an amorphous silicon film is built up
in a Tow-temperature process, for instance, a sputtering process or
LPCVD
an g6 method in an atmosphere of the temperature of 550°C to 600
‘C, and by patterning the amorphous silicon film to form a pattern 202
(amorphous silican film). Note that although it is possible to
inject impurities after an amorphous silicon film is crystallized by
implanfation |
the irradiation of a laser beam, the ismjeetion of impurities causes
the crystalline state to be disturbed, therefore another restoration
.treatment will be necessary. Accordingly, in this embodiment, after
implantation

the irdeedden of impurities, a crystallization treatment is performed,

which activates the impurities at the same time.

That is, after an amaorphous silicon film is patterned, a
resist pattern 203 is removed, and as is shown in Figure 4(b), after
anather resist pattern 204 is faormed, using 204 as a mask, by ian
implantin
ingeeding phosphorus, an n- source area 212 (1ow concentration area)
and an n - drain area 213 (low concentration area) having an impurity

-3
concentration of about 5 x 10¥8cm™* are formed. Of a pattern 202 of
an amorphous silican film, an area to which phaospgharus was nat

jmplanted
togeeted becomes a channel—forming area 214.
removed

Then, after a resist pattern 204 is sS+ipped, an amarphous
silicon film (pattern 202) is annealed by irradiating a laser beam to
‘polycrystalliize the amorphaus silicon film and to activate the

implanted
impurities tomjmeted to it simultaneously. Alternatively, an

nitrogen
amorphous silicon film is annealed for about four hours in a aifeiad

.atmosphere of the temperature of about 600 °C, for example, (saolid
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phaée crystallizatian method: SPC method) to crystallize the
amorphous silicon film and simultaneously to activate the impurities
implon-ted _

frjected- to it. In this case, according toa the necessity, a plasma
hydrogen treatment is performed in an atmosphere of the temperature
of 350°C, or an amorphous silicon film is rapid—therma1-annealed
- both to crystallize the amorphous silicon %i]m and to activate the

implan-ed

impurities wtested to it.

Next, as is showﬁ in Figure 4(c), after a gate insulation film
215 is formed on the surface of an amorphous silicon fiim {an n~
source area 212, an n - drain area 213, and a channel=furming area
214), a gate electrode 216 made from such a material as.meta1 an the
surface of the gate insulation film 215. The side ends 217 and 218 of
the gate electrode 216 confront the énﬂs 219'and 220 of the n -
source area 212 and the n - drain area 213. '

Subsequently, as is shbwn in Figure 4(d), after an interlayer
insu1atiqn film 221 is fofmed on the surface of a gate electrode 216,
contact holes 222 and 223 are made on it, and using these contact
holes 222 and 223, as shown fn Figure 1, a source electrode 124 and a

drain electrode 125 are connected to an n source area 212 and a
drain electrode 213 respectively ta fabricate a thin film fransistor
110.

As is clear from the above discussion, in a manufacturing
method of a thin film transistor 110 according to this embodiment,

implan-ted
after impurities are iajectmd to a silicon film such as an amarghous

silicon film, a crystallization treatment is perfaormed on an amorphous

silicon film, and the crystallization treatment itself activates the
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impurities at the same time. Furthermore, because in subsequent
- implan ted
processes, impurities are not tageeked, processes are simplified and
the silicon film after the crystallization treatment, whose
density of
crystaliine state is not broken by the injection of impgritiequa trap
energy level does not increase, hence a thin film transistaor 110
whose off current characteristics are good can be manufactured
efficiently. Note that the s%]icon film can be a polycrystalliine

Ssilicon film instead of the amorphous sjilican fi]m.used in this

embodiment.

Second Embodiment

With reference to Figures 5 (a) to (c), a thin film transistor
according to the second embodiment of the present invention and its
manufacturing method will be explained below.

Figufes 5 (a) to (c) are process sectional views shawing a
part of a manufacturing process of a thin film transistor in this
embodimeﬁt.

A thin film transistor in the present embodiment, 1ike a thin
film transistor according to the first embodiment, has a structure
shown in Figure 5(c) to improve on-off characteristics.

A thin film transistor 300 has, on the face of an insulation

Substrate

base 301 made from glass, quartz, sapphire and so an, an n - source
area 302 (low cancentration.area) and én n - draiﬁ area 303 (law
concentration area) to which about 1x 1020cm™? of phaspharus is added,

and on their surfaces the transistor 300 has a channel-forming area

304 consisting aof a thin film made from silicon such as



This Sheet Has Been R

[T IMI T —

(TS SHEET HAS BEEN |
| REPLAGED

polycrystalline silicaon of the thickness of about 1000A in such a
way as to connect an n - source area 302 and an n- drain area 303.
And on the surfaces of an n- source area 302, a channel-~-forming area
304 and an n- drain area 303, there is a gate insulation film 305 such
as a8 silicon oxidation film. An end of a gate electrode 308 on the

surface of 305 dver]aps an n source area 302 and an n~ drain area
303 through a gate insulation film 305.
In arder to manufacture a thin film transistaor 300 of such a

structure, first, as is shown in Figure 5(a), after an n silicon
thin film made from such materials as polycrystalline silicon to which
about 1 X 16%% cm ~? of phosphorus, for instance, is added is built
up about 1500A on the face of an insulation$§§§gdgh1, the n -
silicon thin fiim is etched selectively to form an n- source area (low
concentration area) and an n - drain area 303 {low concentration
area). Subsequently, on the faces of an n~ ssurce area 302 and an n-
drain area 303, a Channe14$s:ming'area 304 consisting of a silicon
thin film madé from such materials as palycrystalline silicon of the
thickness of about 10008 is formed to connect 302 and 303. Then the
whole device is thermal oxidated to form a gate insulation film 305
consisting of a silicon oxidation film, on the surface of which a
gate electrode material 306 is formed consisting of metal, a
transparent e]ectricéﬁ]y-conductive film, a polycrystalline silicon
film to which impurities are added, and so on.

As is shown in Figure S(b), of the surface of a gate electrade
material 306, on the area on which a gate electrode is to be made, a

resist pattern 307 is formed employing such a technique as a
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'electrode material 306 is etched selectively to form a gate electrode
308. An end of a gate electrode 308 overlaps an end of an n- source
area 302 and an end of an n - drain area 363 through a gate insulation
film 30S5.

Then a registration pattern 307 'is removed. After that, as is
shown in Figure 5(c), an interlayer insulation film 309 consisting of
a silicon oxidation film is formed as in a usual proéass. After a
contact hole 310 is formed in an interiayer insulation film 309, a
source electrode 311 and a drain electrode 312, consisting of metal,
a transparent electrically-conductive film and so on, are connected to
an n - source area 302 and an n - drain area 303, respectively.

.As is clear from the above explanation, in a thin film
transistor 300 in the present embodiment, as in a thin film

transistor according to the first_embodiment, since an n sgurce
area 302 and an n; drain area 303 are formed before a gate electrode
308 is formed, an n - source area 302 and an n- drain area 303 can be
formed in an ideal condition without being restricted by the heat

resistance of materials to canstitute a gate electrode 308. Hence,

the improvement of off current characteristics.

Third Embodiment

With reference to Figures 6(a) to (d), a thin film transistor
according to the third embodiment of the present invention and its
manufacturing method will be explained below.

Figures 6(a) to {d) are process sectional views showing a part
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embodiment.

A thin film transistor in this embodiment, cdmpared ta a thin
film transistor according to the first embodiment, aims at improving
on current characteristics in addition to the improvement of off
characteristics by forming areas of different concentrations in a
source area and a drain area. As is shown in Figure 6(d), the
transistor has, on the surface of an insulation bzseF:%1 made from
such materials as glass, an n+ source area 412 (low resistance area of
high cancentration) and an n - source area 405 (low concentration
area) on the sgurce area side, and an n" drain area 413 (low
resistance area of high concentration) and an n - drain area 406 (low -
concentration area) on the drain area side. An end aof & gate

electrode 4ﬁ9 overlaps an end of an n source area 405 and an end af
an n- drain area 406 of low gnncentration through a gate insulatian
film 408, while a source electrode 420 and a drain electrode 421
connect to an n~ source area 412 and an n- drain area 413 of high
concentration.
in order to manufacture a thin film transistor 400 of such a
structure, first, as is shawn in Figuré G(a). about 1500A of a
silicon thin film, made from polycrystalline silicon and sa on, is
substrate
built up on an insulation base 401 made from such materials as glass.
Subsequentliy, a resist pattern 403 is formed employing such a
technique as a phatolithography technique, and with 403 used as a

mask, a silicon thin film is etched selectively to form a silicon

pattern 402.
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Second, after a resist pattern 403 is removed, as is shown in
Figure 6(b), a new resist pattern 404 is formed employing such a
technique as a photolithography technique, and with the pattern 404
used as a mask, phosphofus is ion 2:323335?%0 faorm an n- source area
- 40S and an n~ drain area 406 of about 1Xx lngécm". An area on which
an ijon ﬁ;égﬁgﬁﬁﬁ'ﬁés not performed becomes a channe]=#€¢ming-afea 407.

Third, after a resist patterﬁ 404 is ram&vad; the whole device
is thermal oxidated ta form a gate insulation film 4ﬂé cansisting of
a silicon oxidation film, as is shown in Figure 6(c). This heat-

- o implanted -

treating process also has an effect of activating the ingecte=d ions.
Then a gate electrode 409 is formed consistingiof metal, a
transparent electrically-conductive film, a polycrystalline silicon
film to which impurities are added, and so on. A gate.electrnde'409
overlaps a part of an n~ source area 405 and an n- drain area 406
through ﬁ gate insulation film 408.

Fourth, as is shown in Figure 6(d), after an interlayer
insulation fi]m 410 consisting of a silicon oxidation film is formed,
contact holes 411 are formed in it. Then with an interlayer

_ . implanted
insulation film 410 used as a mask, phosphorus is ion imgested. At

implanted , .
the same time the injected ions are activated by irradiating a laser
beam to form an n " source area 412 and an n+ drain area 413 of about
2f
5 X 102cm-3.
Subsequentliy, as in a usual manufacturing method, a source
electrode 420 and a drain electrode 421, consisting of metal, a

transparent electrically-conductive film and so on, are cannected to

their respective n° source area 412 and n * drain area 413.
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In a thin film transistor 401 of such a structure, an n
source area 405 and an n- drain area 406 overlapping an end af a gate
electrode 409 are formed before a-gate electrode 409 is formed.
Accordingly, if a gate electrode 409 is made from such materials as

implaned
metal, the impurities imgjseted to an n - source area 405 and an n~
drain area 406 can be activated sufficiently without being restricted

by the heat resxstance of the material, and at fﬁe,game time the

implan+-
crystalline state disturhed by the nagas*gg impurities can be

denSity of
restored enough, hencihg trap energy level can be reduced at an end
of an n- drain area 406 and in its neighborhood. And since an n-

electric
drain area 406 is a Tow concentration area, field strength is small

near a gate electrode 409. Hence, the improvement of off currenf
characteristics of a thin film transistor 401.

FUfthermore, of a source area and a drain area, the area which
can influence such features as on-off chargcteristics is a low
concentration area, while the area to which a source electrode 420 and
a drain electrode 421 connect is a high concentration area, therefore

parasitic resistance is 1ow and a strong on current can be abtained.

Fourth Embodiment

Instead of a thin film transistor according to the third
embodiment, a thin film transistor illustrated in Figure 7 can
achieve an improvement of on-off characteristics and an an current.

Figure 7 is a sectiaonal view of a thin film transistor in this
embodiment in the channel direction. A thin film transistor 430 has

a pattern consisting of a silicon thin film made from such materials
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as polycrystalline silicon on the surface of an insulation base 431

made from glass, quartz, sapphire and so on, and this pattern has an
n * source area 432 and an n” drain area 433 containing about § X

1635cm‘3of phasphorus, an n -~ source area 434 and an n- drain area 435
containing about 5x IGEécm" of boron, and a channel-forming area
436 containing about 1x ldgﬂcm‘a of boron. On their surface, there is
a gate insulation film 437 consisting of an insu]ation_§i1m'such as a
silicon insulation film, on the surface of which there is a gate
electrode 438 cansisting of metal, a transparent electrically-
conductive film and so on. An end of a gate electrode 438 overlaps
ends of an n~ source area 434 and an n- drain aréa 435 through a gate
insulation film 437. On their face, there is an interlayer insulation
film 439 consisting of an insulation film such as a silicon oxidation
film, and contact holes 440 are formed in it. A source electrode 441
and a drain electrode 442, cpnsisting of metal, a transparent
electrically-conductive film and so on, connect to an n- source area
432 an n" drain area 433 through the contact holes 440 formed in 439.
In a thin film transi#tor 430 of such a structure, though the
explanation of its manufacturing method is omitted, since an n~ source
area 434 and an n- drain area 435 over]abpihg an end af a gate'
electrode 438 are formed before a gate electrode 438 is farmed, if a
gate electrode 438 is made fraom such materials as metal, the
impurities #zpﬁg;ﬁ 0 an n - source area 434 and an n- drain area 435
can he activated sufficiently without being restricted by the heat
resistance ﬁf the material. It also has an advantage that the

impla nred
crystalline state which was disturbed by the iajected impurities can
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Furthermore, of a source area and a drain area, the area that
can influence such features as on-aoff characteristics is a law
cancentration area, while there is alsao a high concentration area (an
n* source area 432 and an n° drain area 433), therefaore parasitic
resistance is Tow and a strong on current can be obtained.-

Fifth Embodiment

Next, with reference tg Figures 8(a) to {(c), a thin film
transistor according.to the fifth embadiment af the present invention
and its manufacturing methad will be explained.

Figures 8(a) to (c) are process sectianal views showing a part
of a manufactdring process of a thin film transistor in this
embodiment.

A thin film transistor in this embodiment, compared to a thin
film transistor according to the secand embodiment, by forming areas
of different concentrations in a saource area and a drain area, the
.improvement of an cdrrent characteristics as well as the improvement
of off characteristics is intended. As is éhown in Figure 8(c), of

. substmate
the surface of an insulation base 453 made from glass and sa on, a

thin film transistor 490 has on the source area side an n source

- 2/
area 458 (high concentratian area) cantaining about 1 X 108cm~3 of
baron and an n- source area 452 (low concentration area) containing
about 1X 10£gcm" of boraon, and on the drain area side, an n ~ drain

) 2./
area 459 (high concentration area) containing about 1 X 10Zlcm™?® of

boron and an n~ drain area 451 (low concentration area) containing
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about 1x lﬂggcm'a of boron. An end ofﬁ&gate electrode 456 overlaps
an n - source area 452 and an n- drain area 451 of low concentratiaon
through a gate insulation film 455, while a source electrode 462 and a
drain electrode 463 connect to an n* source area 458 and an n" drain
area 459 o% high concentration.
| In order to fabricate a thin film transistor 450 of such a
structure, first, as is shown in Figure 8(a), a silicon thin fiim of
Tow concentration, made from pdlycrystalline silicon an&lso on, and of
the thickness of about 15004, to which abaout 1X 1029cm‘3 of boron is
added, is formed aon an insu]ationgggzgnzga made from glass, quartz,
sapphire and so on. Thgn by etching the silicon thin filn
selectively, a p~ source area 452 and a p ~ drain area 451 are formed.
On the faces of a p -~ source area 452 and a p - drain area 451, a
channel - area 454 consisting of a silicon thin film made from
such materials as polycrystalline silicon whose thickness is 250 A
is formed in sucﬁ a way as to cannect 452 and 451. Then, a gate
insulation film 455 consisting of a silicon aoxidatiaon film is formed
on the whole surface by employing an ECR-CYD method. And a gate
electrode 456 is formed consisting of metal, a transparant'
electrically-conductive film, polycrystalline silicon film to which
impurities are added, and soc an. An end of a gate.e1ectrode 456
overlaps an end of a p~ source area 452 and an end of a p ~ drain area
453 through a gate insulation film 455.
Then, as'is shown in Figure 8(b), a resist pattern 457 is

formed to cover a fixed area of a p -~ source area 452 and @ p ~ drain

area 453 employing such a technique as a light exposure technique.
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With the pattern 457 used as a mask, boron is ion igjested. And

impurities are activated by irradiating a laser bean.

A resist pattern 457 is removed. Afterwards, as in a usual
process, as is shaown in Figure 8(c), after an interlayer insulation
film 460 cansisting of a:si1icon oxidation film is formed, a contact
hole 461 is formed in it. Then a source e]ectrodé 462 and a drain
electrode 463, consisting of metal, a transparent,q]ectrica11y;
conductive film and so on, are connected to a p~ source area 458 and
a p * drain area 453, respectively.

In 2 thin film transistor 450 fabricated in this way, because
ap- soﬁrce area 452 aﬁd a p - drain area 453 are formed before a
gaté electrode 456 is formed, it has effects similar to_those of a
thin film tranﬁistor according to the second embodiment. Furthermore,
since a p* source area 458 and a p ~ drain area 459 are formed, a
transistor 450 has small parasitic resistance and can get a sg:g:z an

current.

Sixth Embodiment

Figure 9 is a sectional view showing a structure of a thin
film fransisior aﬁcording ta the sixth embodimeﬁt of the present
invention.

In this figure, a thin film transistor 500 in this embodiment

. . . _SupStrate
is also formed on an insulation Base 501 made from glass, quartz,

sapphire and so on, and its saurce area 502 has a p source area 503,
which is a p ~ silicaon film of the thickness aof about 500A to which

8 _
about 1x% 1G¥8cm'1 of baron is added, and a p+ source area 504 (thick,
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Tow fesistance area of high concentration), which is a g silicon
film of the thickness of about 2000 A to which about 1X 10§écm‘3 of
boron is added. A drain area 505, an the other hand, has a p ~ drain
area 506, which is a p~ silicon film of the thickness of about 500 A
to which_about 1X ldgécm"a of boron is added, and a p - drain area
507 (thick, low resistance area of high concentration), which is a p
* silicon film to which about 1X 16¥;cm'3 of boron is added and which
has the thickness af about ZUDQA.. Between a sourcé’area 502 and a
drain area 505, there are a channel=forming area 508, consisting of a
silican film and so on, formed in such a way as to connect to the
areas 502 and 505, a gate insu1ation film 509, consisting of an
insulation film such as a silicon oxidation film to cover the whale
areas, and a gate electrode 510, constituted by such materials as
metal and a transparent electrically-conductive film formed on the
surface of this gate insulation film 5d9. A gate e]ectroqe 510, a
sogurce area 502 and a drain area S05 are not formed in a self-aligned
way, and one side end 511 of a gate electrode 510 and a p~ source
area 503 (end) of a source area 502 confront with a relatively large
overlapping area. Similarly, the other side end 512 of a gate
electrode 510 and a p~ drain area S06 (end) of a drain area 505
confront with a relatively large overlapping area. 513 is an
interlayer insulation film. A source electrode 516 and a drain

electrode 517 connect electrically~conductively to a p source area
S04 of a source area 502 and a p~ drain area 507 of a drain area 505
through contact holes 514 and 515 in the interlayer insulation film

513.
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In a thin film transistor 500 of such a structure, since it is
a p~ drain area 506 that confronts a gate electrode 510 on the side
electric _
of a drain area 505, for examp1e,,¢ia1d strength is small near a gate
electrode 510. Hence the improvement of off current characteristics.
A source area 502 and a drain area 505 are not constituted in a
self-aligned way to a gate electrode 510. In other words, a source
mplan‘h'h
area 502 and a drain area 505 are not formed by an ion.{ngectton with
a gate electrode 510 used as a mask, but a source area 502 and a drain
area 505 are formed before a gate-e]éctrode 510 is formed, therefore
1mqunTeo(

impurities itmfscted to a source area and a drain area can be activated
without being restricted by the heat resistance 1imit of a gate
electrode, even if the heat resistance of a gate electrode 510 is as
low as 600°C, for instance. 'Accordlngly, since the crystalline state

implantotion
~which was disturbed by the IJectiom of impurities can be restored

@Sﬁ_@i/
sufficientlyY a trap energy level of a drain area 505 corresponding
to an end of a gate electrode 510 and its neighborhoad can be
reduced. Hence the further improvement of off current
characteristics of a thin film transistor 500.

A manufacturing method of a thin film transistor of such a
structure will be explained referring to Figures 10(a) to (c).

Figures 10(a) to (c) are process sectional views showing a
part of a manufacturing method of a thin film transistor in this
embadiment.

Substrate
First, as is shown in Figure 10(a), on an insulation baee 601

made from glass, .quartz, sapphire and so an, abgut 2000A af an

2.5
amorphous silicon thin film to which about 1X 1028cm~? of boron is
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added, for instance, is built up in a low-temperature process. By

etching the amorphous silicon thin film selectively, p* areas 602 and
603 are formed.

Second, on the surface of p+ areas 602 and 603, about 2504
of an amarphous silicon fiilm 604 is formed in such a way as to
connect these areas. Then a registration pattern 605 is formed on
604.

Third, as is shown in Figure 10(b), with a resiét pattern 605
used as a mask, p - areas 606 and 607 of the concentration of about S
X 1og§cm‘3 are formed by ion gﬁgﬁili:;p;é;un for instance.

A p - area 602 and a p~ area 606 become a source area 608,
while a p- area 603 and a p- area 607 become a drain area 609. And

implan ted
radectead

the area to which ions were not , bhecause of the masking of a

resist pattern 605, becomes a channel<formiwg area 610.

Fourth, after a resist pattern 605 is stripped, in a g
atmasphere of the temperature of about 600°C , for instance, by
performing an annealing for about faur hours (solid phase
crystallization method: SPC method), an amorphous silicon film is
crystallized, and at the same time the impurities tﬁ?gg;gglta p+
areas 602 and 603 and p- areas 606 and 607 are activated.

Fifth, in an ECR-CVD method, a gate insulation film 611
consisting of a silicon oxidation film is fbfméd an the whole surface;

Sixth,.a gate electrode material made from such materiais as
metal is built up on the face of a gate insulation film 611, and by

etching selectively the gate electrode material employing such a

technique as a 1light exposure technique, a gate electrode 612 is
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faormed. In forming a gate electrode 612 py etching, one side end 613
and the other side end 614 of a gate electrode 612 should be made to
overlap one side end of p - areas 606 and 607.

Subsequently, following a usual process, as is shawn in Figure
10(c), after an interlayer insulation film 615 consisting of a
silicon oxidation film, and contact holes 616 and 617 are formed, a
source electrode which electrically-conductively connects to a high
-concenfratian area of a source area (p* area 602), and a drain
electrode which electrically-conductively connects to a high
concentration drain area of a drain area (p -~ area 603) are formed to

constitute a thin film transistor 500 illustrated in Figure S.

Seventh Embodiment

With reference to Figures 11(a) ta (e), one embodiment of a
semiconductor device equipped with a CMOS circuit consisting of a thin
film transistor accord%ng to the first to sixth embodiments will be
explained belaow.

As is shown in Figure 11(e), a CMOS circuit 700 of a
semiconductor device in this embodiment has an n-channel type thin
film transistor 700a and a p-channel type thin fi1m transistor 700b on
the surface of the same insu]ations%gggugéﬁ made from éuch materials
as glass, quartz and sapphire. In any thin film transistor, it is an
n - source area 706, an n - drain area 707, a p - source area 708 and
ap - dfain area 709 (laow concentration areas) that ends of gate

electrodes 714 and 715 overlap through gate insulatiaon films 712 and

713. O0On the other hand, it is an n ~ saource area 719, a p- saurce
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concentration areas).that socurce electrodes 724 and 725 and drain
electrades 726 and 727 connect to.
in arder to manufacture a CMOS circuit 700 of such a

structure, firét, as is shawn in Figure 11{(a), an the surface aof an
insu]ationstgggnggl made from such materials as glass, quartz and
sapphire. a silicon thin film of the thickness of about 700A made
from polycrystalline silicon and so on, is formed Then by
selectively etching the thin fi1m! patterns 702, 703, 704, and 705 of
a silicon thin film are formed. Afterwards, in a well-known methed,
phosphorus is ion #:ggg;ggdto patterns 702 and 703 of a silican thin
film to make the patterns about 5X 101-8cm‘3 of an n- source area 706
and an n- drain area 707, respectively. On the other hand, baron is
ian %zgigggsdtc patterns 704 and 705 of a silicon thin film to make
the patterns about 5x {JiScm‘T of a p -~ source area 708 and a p -
drain area 709, respectively.

Then, as is shown in Figure 11(b), channel-forming areas 710

and 711, consisting of a silicon thin film of the thickness of about

1000A made fraom such materials as polycrystalline silicon, are formed

so that an n sogurce area 706 and an n- drain area 707, and a p
source area 706 and a p - drain area 709, are connected respectively.
And the whole device is thermal oxidated to form gate insulation
films 712 and 713 consisting of a silicon oxidation film. This
thermal oxidation treatment has an effect of activating impurities in

an n- source area 706, an n - drain area 707, a p source area 708

implanted

and a p ~ drain area 709 to which ions were ingecte=d. Next, gate
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electrodes 714 and 715, consisting of metal, a transparent

electrically-conductive film, polycrystalline silican te which
impurities are added, and so on, are formed on gate insulation films
712 and 713. Ends of gate electrodes 714 and 715 overlap ends of an
n- source area 706, an n- drain area 707, a p- source area 708 and a p
- drain area 709 through gate insulation films 712 and 713.

As is shown in Figure 11(c), after an interlayer insulation
film 716 consisting of a silicon oxidation film is formed, contact
holes 717 are formed in it. Then employing such a technique as a
photolithography technique, a resist pattern 718 to cover the side of
a p- source area 708 and a p - drain area 709 (the side of a p-
channel type thin film transistor 700b) is formed. With the
registz:iﬁ:shpatfern 718 and an interlayer insulation film 716 used
as masks, about 5 X ldg;cm" of an n” source area 719 and an n+

imp lanfatim o
drain-area 720 are formed by iaon iegfecting asphorus.

After a resist pattern 718 is temoved, as is shown in Figure
11(d), employing such a technique as a photolithography technique, a
resist pattern 721 to cover the side of an n~ source area 706 and an n
- drain area 707 (the side of an n-channel type thin film transistor
700a) is formed. With the registraties pattern 721 and an infer1ayer
insulation film 716 used as masks, about 5x 1Ug;cm 3 of a p+ source

implamtation of
area 722 and a p~ drain area 723 are formed by ion injssting baron.

After a resist pattern 721 is removed, respective impurities
which were ion lggg;z;gxare activated by irradiating a laser beam.

After that, as is shown in Figure 11(e), as in a usual process,

saurce electrodes 724 and 725 and drain electrodes 726 and 727,
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so on, are connected to an n * source area 719, a p~ saurce area 722,
an n * drain area 720 and a p* drain area 723, respectivé1y.

An n-channel type thin film transistor 700a and a p-channel
| o . ' . . substmte
type thin film transistor 700b formed on the same insulatiaon hese 701
have improved off current characteristics and on current

characteristics.

Eighth Embodiment

Substrate

A structure of an active matrix tsse with peripheral circuits
of a 1iquid crystal display panel built-in as a typical device
equipped with a thin film transistor will be explained below as the
eighth embodiment of the present invention.

Figure 12 is a block diagram showing a whole constitution of

Substrate
an active matrix bese in this embodlment As is shawn in the figure,

substrafe
an active matrix ba=e B00 is divided into a pixel part 800a and
peripheral circuit parts Bunb'and 800c (drive circuit parts). In a
pixel part 800a, as is shown in Figure 13, a pixel area 803 is
sectioned by scanning lines (gate lines) B01a and 801b (801) connected
to a peripheral circuit part 800b (scanning line drive circuit), and
by a signal line B02 connected to a peripheral circuit part 800c
(signal line drive circuit). A pixel part 800a has a thin film
transistor 800d, which switches aver a state in which the side of a
signal line 802 and the side of a pixel efectrode 804 are connected

to the state in which they are broken, based on scan signals from a

scanning line BOla. The thin film transistor 800d must have a small
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off current. A CMOS circuit of peripheral circuit parts 800b and 800c

are composed of thin film transistors of different types of electric
conductivity, and the CMOS circuit must have a high aperating speed.
Accordingly, it is possible to use a thin fiim transistor according to
the present invention in a pixel part 800a, and a self-aligned thin
film transistor in peripheral circuit parts 800b and 800c.

The constitution will be explained below.

In Figure 14, a thin film transistor formed in a pixel part of
an active matrixsggng?n this embodiment and three thin film
transistors 900a, 930a and 960a faormed in peripheral circuit parts are
shown in a row.

In Figure 14, shown on the right of the figure is an n-channel
type thin filim transistorPSBDa formed in a pixel part, shown in the
middle of the figure is an n-channel type thin film transistor 930a
formed {n peripheral circuit parts, and shown an the left of the
figure is a p-channel type thin film transitor 900a formed in
peripheral circuit parts. ln.periphera1 circuit parts, a CMOS circuit
is composed of a p-channel type thin film transistor 900a and an n-
channel type thin film transistar 930a.

0f these thin film transistors 900a, 930a and 960a, an n-
channel type thin film transistor 960a used in a pixel part, as was
explained in the first to seventh embodiments, a source area 961a and
a drain area 962a are formed in a non-self-aligned way to a gate
electraode 963a, and the transistor 960a confronts an end of a gate
electrode 963a with the n~ source area 964a (low concentration source

area) and an n - drain area 965a (low concentration drain area). P-
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channel type thin film transistors 900a and 930a formed in peripheral
circuit parts, on the other hand, have a self-aligned structure.
Note that in a liquid crystal display panel, a pixel electraode is
cannected electrically-conductively to a drain area 962a of an n-
channel type thin film transistor 960a in a pixel part, but that in
the following exp]anati&n, it is illustrated as a structure in which a
usual aluminum electrode is connected electrically-conductively to a
drain area, as in a source area 961a.
, . Substrate
in an active matrix base 950a of such a structure, an n-
channel type thin film transistor 960a has an LDD structure in a pixel
density of
part, and has a structure in'whichA; trap energy level is reduced,
therefore its of f current is decreased. An n-channel type thin film
transiétor 900a and a p-channel type thin film transistor 930a formed
in peripheral circuit parts, on the other hand, have a self-aligned

structure with small parasitic capacitance. Therefore, the operating

speed in peripheral circuit parts is never sacrificed.

Ninth Embodiment

SubStrate
A const1tutlon of an active matrix bsse with peripheral

circuits of &8 liquid crystal display panel built-in according tao the
ninth embodiment will be explained below.
Substrate
-An active matrix bzse with peripheral circuits built-in in

this embodiment and an active matrix base with peripheral circuits

built-in accarding to the eighth embodiment have the same basic

structure, but they differ in the combination of thin film transistars

used in a pixel area and peripheral circuit parts (drive circuit
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parts). In this embodiment, the production cost can be iowered by

improving off current characteristics of a thin film transistor used
in a pixel part 800a, and by decreasing the number of masks used in a
manufacturing process of an active matriidﬁgggT%UU without sacrificing
the operating.speed in peripheral circuit parts 800b and 800c.

The structure of the thin film transistor will be exp]ained.
belaw.

Figure fs is a sectional view showing a cdnstitdtion of a thin.

substrate
film transistor formed in a pixel part of an active matrix bese and a
thin film transistor farmed in peripheral circuit parts in a liquid
crystal display panel illustrated in Figures 12 and 13.

In Figure 15, shawn on the right of the figure is an n-channel
type thin film transistor 960 faormed in a pixel part, shown in the
middle of the figure is an n-channel type thin film transistor 930
formed in peripheral circuit parts, and shown on the 1eft of the
figure is a p-channel type thin film transitor 900.f0rmed in
peripheral circuit parts. In peripheral circuit parts, a CMOS
circuit is composed of a p-channel type thin film trnasistor 900 and
an n-channel type thin film transistor 930.

Of these thin film transistors 900, 930 and 960, in an n-
channel type thin film transistor 960 used in a pixel part and an n-
channel type thin film transistor 930 formed in peripheral circuit
parts, as was explained in the first to seventh embodiments, source
areas 931 and 961 and drain areas 932 and 962 are formed in a non-
self-aligned way to gate electrodes 933 and 963, and the transistaors

960 and 930 canfraont ends of gate electrodes 933 and 963 with the n-
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saurce areas 934 and 964 (law concentratian source areas) and n
drain areas 935 and 965 (1ow concentration drain areas), respectively.

A p-channel type thin film transistor 900 formed in peripheral
circuit parts, on the other hand, has a self-aligned structure. Note
that in a liquid crystal display panel, a pixel electrade is
connected electrically—-conductively to a drain area 962 of an n-
channel type thin film transistor 960 in a pixel part, put that in the
following explanation, it is illustrated as a structure in which a
usual aluminum electrade is connected eIectriEa]Ty-conductively to the
drain area, as in a source area 961.

In an active matrii?%gzzriggﬂ of such a structure, an n-channel
type thin film transistor 960 has an LOO structure in a pixel part,
and has a structure in whichxa trap energy 1eve1.is reduced,

enﬁtyo
therefare its off current is decreased. An n—channel type thin film
tyansistor 930 formed in peripheral circuit parts, on the other hand,
is not self-aligned, therefore it has larger parasitic capacitance
than a se]f;aligned structure, and there is a fear of its aperating
speed being low. However, either an n-channel type thin film
transistor or a p-channel type thin film transistor has a self-aligned
structure with small parasitic capacitance (in this embadiment, a p-
channel type thin film transistor is self-aligned). Furthermore,
even in a non-self-aligned thin film fransistor, since source and
drain areas overlapping a gate electrode are low concentration areas,
the parasitic capacitance can be almost ignored when it is biased in

the direction in which a depletion ‘layer extends.

Taking that into consideration, if a CMOS circuit is formed to
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have such a structure as in this embodiment, the operating speed is
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not lower than that in the case in which both an n-channel type thin
film transistor and a p-channel type thin film transistor have a self-
aligned structure. Accordingly, in this embodiment, since two types
. SubSTrarR
of thin film transistors are formed on an active matrix bsse 950,
productivity can be raised by decreasing the number of masks used in
. . ' ] _ Substrate
a manufacturing process of an active matrix base, compared to an

substrafe
active matrix bﬁi%-ééoa accarding to the eighth embodiment in which

three types of thin film transistors are employed.

Tenth Embodiment

Figures 16 (a) to (d) are process sectional views showing a
part of a manufacturing method of each thin film transistor in a pixel
part and peripheral circuit parts when tws types of thin film

subStraTe
transistors are formed on an active matrix b=se of a liquid crystal
display panel, as in the ninth embadiment.

First, as is shown in Figure 16(a), on the surface of an

Substrat?
insulation bese 1001 made from glass, quartz, sapphire and so on,

about 500A of an amorphous silicon fiim 1002, for instance, is built

up. Resist patterns 1003, 1004 and 1005 are formed on 1002. With
implanted
these patterns used as masks, phosphorus is ian FJecded to form low
concentration areas 1006, 1007 and 1008 containing about 1X 10@90m'°
of impurities.
Second, an amarphous silicon film 1002 is annealed b& the

irradiation of a laser beam to polycrystallize the film and activate

the impurities injected to it simultaneously.
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Third, as is shown in Figure 16(b), an amorphous silicon film

1002 is etched selectively to form silicon thin fiim patterns 1q09,
1010 and 1011. Siticon thin film patterns 1009 and 1010 becaome active
areas of a p-chanqe] type thin film transistor and an n-channel type
thin film transistor in peripheral circuit parts, respectively, while
a si1ic§n thin film pattern 1011 becomes an active area of an n-
channel type thin film transistor in a pixel part. And the above-
mentioned Tow concentration areas 1006, 1007 and 1008 be;ame n- source
areas 1012 and 1013 (low concentration source areas) and n -~ drain
areas 1014 and 1015 (Taow cancentration drain areas) of an n-channel
type thin film transistor. The area in an active areas 1010 and 1011
qf an n-channel type thin film transistar to which impurities are naot
g:giggigdbecomes channel=forming areas 1016 and 1017.

Fourth, after a gate insulation film 1018 consisting of a
silican oxidation film is formed on the whole surface in an ECR~CVOD
method, respective ggte electrodes 1019, 1020 and 1021 made from such
materials as metal are formed on the surface. O0Of respective gate
electrodes 1019,.1020 and 1021, ends of gate electrodes 1020 and 1021
to form n-channel type thin film transistors 1023 and 1024 confront n
- source areas 1012 and 1013 and n; drain areas 1014 and 1015 through
a gate insulation film 1018. In an extended part 1015al(1ower
electrode) in a drain area 1015 of a thin film transistor 1024 used

strag = capacitan (.,
in a pixel part, a wlume—pebatndias—aant js composed of an
ovérlapping gate electrode 1025 in an upper state.

Fifth, as is shown in Figure 16(c), employing such a technique

as a phatalithography technique, a resist pattern 1026 to cover a
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farming-area of n-channel type thin film transistors 1023 and 1024 is
implanted : implantat.
formed, and boraon is ion En%:ﬂ£ed. In this ion tngzct:un, a gate

electrode 1019 is used as a mask, and a source area 1027 and a drain

area 1028 of the impurity concentration of about 5Xx ldéécm'a are
farmed self-alignedly in a thin film transister 1022.

Sixth, after a resist pattern 1026 is removed, impurities are
activated by irradiating a laser beam. The irradiation of a laser
beam is performed to activate impurities to lower their resistance,
not to restore the crystalline state disturbed by the ﬂégﬁgggﬁad
impurities. A p-channel type thin film fransistor 1022 used in
peripheral circuit parts need not have a small off current.
Accordingly, in this process, it is sufficient to lower the
resistance af the impurities by activating them by the irradiatiaon of
a laser beam. The restoration of the crystalline state is not
required.'

Seventh, as is shown in Figure 16(d), an interlayer insulation
film 1029 is formed. Making use of contact holes in 1029, a saurce
electrode 1031 and a drain electrode 1032 are connected electrically-
conductively to respective thin film transistors 1022, 1023 and 1024.

As is clear from the above explanation, in a manufacturing

] substrate )
methad of an active matrix base in this embodiment, as mask patterns

implaniaTion
used in the tofectdon of impurities, two mask patterns 1003 and 1026
can be employed. By contrast, if both an n-channel type thin film
transistar and a p-channel type thin film transistar to form

peripheral circuit parts have a self-aligned structure, and a thin

film transistor used in a pixel part has a structure according to the
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present invention, three masks will be necessary. The operating

speed of a circuit, as was explained in the ninth embodiment, is
almost the same in the eighth and ninth embodiments. Hence, the
production cost can be reduced by decreasing the number of masks
without sacrificing the operating speed and so on.

Note that in this embodiment, a thin film transistor used in a
pixel part is an n-channel type, but that it remains in the domain of
the present invention if it is a p-channel type -

In a liquid crystal display panel, as is shown in Figure 13,

Storag 2 acitan e _ _
to form a 4 805 gf—=ihmrge in a pixel part,-

there is a tendency that a structure in which an extended part is
established on the side of a drain area, and scanning lines in an
upper state overlap the extended part is adopted. In arder to form a

storage capacitahce
i i having this structure, in a conventional

manufacturing method as a'comparative example, as is shown in Figures

17(a) and (b), after a resist mask 1102, which was made by opening a
hole at an end of a polycrystalline silicon film 1101, is formed, ions
m\PM n-ted
are iajected to make an extended part 1103 a low concentration area,
and then with a gate electrode 1104 used as a mask, impurities of high
. implanted
cancentration are ion imgected. According to & manufacturing method
in this embodiment, as is shown in thures 16(a) and (b), in a process
implahted
in which 1mpur1t1es of low concentratian are tadeeted, an extended
part 1015a becomes a low concentration area -automatically. In
subsequent processes, as is shown in Figure 16(b), when gate

electrodes 1019, 1020 and 1021 are formed, a scanning line 1025 in an

upper state formed simultaneously with the electrodes should be made
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to overlap an extended part 1015Sa. Accardingly, it is possible to

Sterage Capacsian (e
make a G2F3:£;¥::=t4;fiﬂﬂ:ﬁiﬁt making use aof a process to manufacture

a thin film transistar 1024 in a pixel part without adding ather

processes.

Eleventh Embodiment

Figures 18(a) to (e) are process sectional views showing a
part of a manufacturing method of a matriisg§:§?5$th peripheral
circuits of a liquid crystal -display panel bﬁi1t-in, in which a CMOS
circuit in a drive part is composed of an n-channel type thin film
transistor having a non-self-aligned structure and a p-channel type
thin film transistor having a self-aligned structure with small
parasitic capacitance which can operate at a high speed, and in which
an n-channel type thin film transistor in a pixel part has a non-
self-aligned structure.

In the figures, n-channel type thin film transistors 1300a and
1300c have a source area and a drain area cansisting of silicon films
of different thickness. Gate electrodes 1317 and 1318 overlap a part
of n- source areas 1310 and 1311 and n - drain areas 1312 and 1313,
which are thin and of under 1 X 10§§cm'3 of impurity concentratian
tﬁroﬁgh a gate insulation film 1316. In a p-channel type thin film
transistor 300b, on the other hand, a p~ source area 1323 and a p~
drain area 1324 are formed to be self-aligned to a gate electraode
1319.

The area consisting of thick silicon films in a source area

and a drain area of an n-channel type thin film transistors 1300a and
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1300c is n~ soufce areas 1302 and 1303 and n* drain areas 1304 and

1305 of high impurity cancentration, therefore the lowering of an on
current on account of parasitic resistance is prevented.

substrate

In order to manufacture a matrix base of such a structure,
subStrafe

first, as is shown in Figure 18(a), on an insulation base 1301 made
from glass, quartz, sapphire and so on, n~ source areas 1302 énd 1303
and n” .drain areas 1304 and 1305, consisting of n~ silicon thin films
such aé polycrystalliine silicon with the thicknessféf about 200047
to which about 5X 10§4cm'= of phosphdrus is added, are fbrmed.
Silicon patterns 1306 and 1307 aof the thickness of about SGUA..are
formed on the surface to connect 1302 and 1304, 1303 and 1305,
respectively. At the same time, a silicon pattern 1308 to form a p-
channel type thin film transistor 300b is farmed.

Then, as is shown in Figure 18(b), a resist pattern 1309 is
formed employing.a photolithography technique, and with 1309 used as a
mask, an ion injection is performed to make a part of silicon thin
film patterns 1306 and 1307 uf about 5x lﬂ‘f cm ~3of concentration.
The area becomes n - source areas 1310 and 1311 and drain areas 1312
and 1313 of a thin film transistor of so-called GOLOD type (gate
overlap LDD type). " The area in silicon pafterns 1306 and 1307 to
which ions were not injected beéomes channel=ferwing areas 1314 and
1315.

After a resist pattern 1309 is stripped, by the irradiation of

imp lantef

a laser heam on the whale surface, ingected impurities are activated

and crystalline grains in channel~forming areas 1314 and 1315 are

enlarged at the same time .to improve the characteristics aof a
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transistor.

Then, as is shawn in Figure 18(c), a gate bxidation film 1316
consisting of an insulation film such as a silicon oxidation film is
formed on the whole surface, on the surface of which gate electrodes
1317, 1318 and 1319, made from metal, a transparent electrically-
conductive film, polycrystalline silicon film to which impurities are
added and so on, are formed. Gate electrodes 1317 and. 1318 overlap a
part of n- source areas 1310 and 1311 and drain areas 1312 and 1313
thrbugh a gate insulation film 1316. And a part of an n+ drain area
1305 of a thin film transistor used in a pixel part overlaps a gate
electrode 1320 in an'ubper state through a gate insulation Tilm 1316

orn o Totrb.
to form a .
Next, as is shown in Figure 18(d), employing a
phatolithography technique, resist patterns 1321 and 1322 to cover an
n-channel type thin film transistor 1300a and an n-channel type thin
film tran51stor 1300c in a pixel part are formed. With the resist
|m.P lanted
patterns used as masks, boron is ion imjected ta form a3 p - source
area 1323 and a p ~ drain area 1324 of about 5 iUS#cm'3. The area to
implanted _
which ions were not ingeeted becomes a channel-forming area 1325.

After resist patterns 1321 and 1322 are removed, impurities
are activated by tﬁe irradiation of a laser beam. Atter that, as in a
usual praocess, as is shawn in Figure 18(e), after an intef1ayer
insulation film 1326 consisting of a silican oxidation film is
formed, contact holes 1327 are made in it. Through these contact

holes 1327, source electrodes 1328, 1329 and 1330 are connected to an

n+ source area 1302, an n * source area 1303 and a p- source area,
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while drain electrodes 1331 and 1332 are connected to an n " drain

area 5304 and a p * drain area 1324, And a pixel slectrode 1333 is
" connected to an n* drain area 1305 of a thin film transistor in a
pixel part.

As was explained above, in this embodiment, since an n~ source
- area 1311 and an n -~ drain area.1313 are activated befare gate
" electrodes 1317 and 1318 are formed, the material of a gate electrode
1318 can be se]ected.without being restricted by Eﬁe activation
condition. Therefore a gate electrode 1318 can be made from metal.

In setting up an n-channel type thin film transistaor 1300c
with a small off current in a pixel part, it has the same structure
as that of an n-channel type thin film transistor 13002 in peripheral
circuit parts, therefore its manﬁfactufing process can be simplified.

In this case, too, since a p-channel type thin film transistor 1300b
to farm a CMOS circuit in peripheral circuit parts has a self-aligned
structure, the operating speed is not sacrificed. And since there is
no need to consider off_current charactefistics, a p-channel type
thin film transistor 1300b can be composed of a source area and a
drain area of high concentration consisting of ane silicon pattern to

minimize the increase of the number of processes.

Twelfth Embodiment

In this embodiment, an n-channel type thin film transistor is
used in a pixel part of a liquid crystal display with peripheral
circuits built-in, and a CMO0S circuit is composed of a seif-aligned

thin film transistor with small parasitic capacitance which can



This Sheet Hag

[T

operate at a high speed. This embodiment is a variation of the

eighth embodiment in which three types of thin film transistors are

employed.
Figures 19(a) to (e) are process sectional views.
Subsirate
As is shown in Figure 19(e), in an active matrix base in this

. substrate
embodiment, on a common insulation base 1401, in a pixel part, there

ié an n-channel type thin film transistor 14003 having a so-called
GDLDD structure, while in peripheral circuit parts, there is a CMOS
circuit composed of an n-channel type thin film transistor 1400b and a
p-channel type thin film transistar 1400c having s self-aligned
structure. |

In order to manufacture these thin film transistors, first, as
is shown in Figure 19(a), about 10004 , far instance, of a
polycrystailine silicon thin film, is built up on the surface of an

substrmte )
insulation bsse 1401 made from such materials as glass, and silicon
thin film patterns 1402, 1403, 1404, 1405, 1406 and 1407 are faormed
by selectively etching the silicaon thin film. Then, phosphorus is
ion 2;;22;2§dt0 the whole surface to make the silicon thin film
patterns 1402, 1403, 1404, 1405, 1406 and 1407 of about 5x 10 '8cm -3
of concentration.

Then channel—fornmitng areas 1408, 1409 and 1410 consisting of a
silicon thin film such as about 1000A of polycrystalline silicon
film are formed in such a way as to connect silicon thin film patterns
1402 and 1403, patterns 1404 and 1405, and patterns 1406 and 1407,

respectively.

As is shown in Figure 19(b), the whole surface is thermal
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oxidated to form gate insulation films 1411, 1412 and 1413 consisting

of a si]icoﬁ oxidation film. This thermal treatment process alsa has
implanted

an effect of activating inmjected ions. Next, gate electrodes 1414,
1415 and 1416 consisting of metal, a transparent electrically-
conductive film, a polycrystalline silicon film to which impurities
are added and so on, are faormed in the fixed area on the surface of
.gate ihsu]ation films 1411, 1412 aqd 1413. A gate ;1ectrode 1414
overlaps a part of n- silicon thin film patterns 1402 and 1403 through
a gate insulation film 1411. Gate electrodes 1415 and 1416, on the
gther hand, do not overlap n- silican thin film patterns 1404 and
1405, respectively.

As is shown in Figure 19(c), employing a phatolithgraphy
technique, résist patterns 1417 and 1418 are formed in such a way as
to cover at least ends of gate electrodes of a p-channel type thin
film -transistor and an n-channel type thin film transistor in a pixel
part. With the resist patterns used as masks, phosphorus is ion

implan-ted
iagented to form n+ source areas 1419 and 1420 and n+ drain areas 1421

and- 1422,

After resist patterns 1417 and 1418 are removed, as is shawn
in Figure 19(d), employing a photo]ithﬁgraphy techhique and others,
resist patterns 1423 and 1424 are formed in an area to cover an n-
channel.type transistor and an n-channel type transistor in a pixel

_ implanted
part. With these patterns used as masks, boron is ion indeetsad to
form a p” source area 1425 and a p" drain area 1426 of about 5 X

2./ '

102tcm-?

After resist patterns 1417 and 1418 are remaoved, as is shown
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in Figure 19(e), impurities are activated by the irradiation of a

-4 9 -

e

laser beam. After that, as in a usual process, source electrodes
1427, 1428 and 1429 and drain electrodes 1430, 1431 and 1432
consisting of metal, a transparent electrically-conductive film and so
on, are connected to n * source areas 1419 and 1420, a p " source
area 1425, n -~ drain areas 1421 and 1422,_and ap dra{n area 1426,
respectivefy. An n-channel type thin film transistor 1400a having a
so-called GOLDD structure is formed in a pixel part, while n-channel
type and p-channel type thin film transistors 1400b and 1400c having

a self-aligned structure are formed in peripheral circuit parts.

Industrial Applicability

As is clear from the above exp1anatiﬁn, according to the
present ‘inventian, tﬁe area to overlap ends of a gate electrode in é
source area and a drain area through a gate insulation film is a low
concentration area formed in a process prior to that in which a gate
electrode is formed. Therefore, according to the present invention,

implanted

when impurities ungzctzu to a source area and a drain area are
activated, a gate e1ectrode is not yet formed. Accordingly, since
impurities can be activated without being restricted by the Heat
resistance of components of a gate electrode, and the d{sturbance of

implarrtation
the crystalliine state caused by the ﬁééﬁtf&en of impurities can be

density of
restored suff1c1ent1lea trap energy level in a drain area and its
neighborhood can be reduced. And since a drain area overlaps a gate

electrode in a low concentration area, field strength in that area is

small. Hence, the improvement of off current characteristics of a
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thin film transistor is obtained.

If a-low concentration area is where the crystallization of a

. implantaTion
silican film is performed after the i!gz:#fﬂﬂ of impurities to a

silicon film, in addition to the raise of productivity owing to the
decrease of the number of processes, there is an advantage of the
further improvement of cff current characteristics because the
crystalline state is not disturbed by the 2&#&2::;; of impurities
after the crystallization treatment.

When the fhickness of films in a low concentration area is
equal to that of films in a channel=forwiwg area, the surface is
flattened and an electric field does not concentrate locally, hence
the impro?ement of off current characteristics. If films in a low
concentration area are thinner than a depletion layer detgrmined by
the impurity concentration,.thé depletion layer reaches the lower

cafnC:fa/1oe
face of the low concentration area, and the eapassty connected in
series increases, therefore the parasitic capacitance decreases.

If an area with a thick film which connects to a low
concentration area, or a high concentration area is set up in a
source area and a drain area, since the areas reduce the parasitic
resistance, the operatiﬁg speed is not sacrificed. |

In a Tiquid crystal disp]ay panel with said thin film
transistor (n-channel type thin film transistur):bui1t-in in a pixel
part, if the same n-channel type thin film transistor is employed in
a CMOS circuit in a drive circuft part and if a p-channel type thin
film transistor to constitute a CMOS circuit with an n-channel type

thin film transistor has a self-aligned structure, processes can be
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simb]ified and a high speed operation of a drive circuit can be
realized making full use of each process. Because a thin film
transistor having a self-aligned structure is in a drive circuit
part, off current characteristics are not. imposed strict.conditions.
So the increase of the number of processes can be minimized by forming
the transistor as dn integral high concentration area.

Furthermo;e, if an extended area which is forfed at the same

time with a low concentration area and so on, and which is to form a

storagqe ca_faci Tan e
tzi:g;iﬁﬂziﬂéﬁme between it and a gate 1ine in an upper state, is

Storeg-e
formed in a drain area of a liquid crystal display panel, a © 3
acifance -
vatume can be composed making use of ather processes.
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' CLAIMS
1. A thin film transistor characterized in that it has a

channel-<furming area which can form a channel between a source area
) ' Substrat< _
and a drain area on a surface of a base, and a gate electrode which
confronts said channel-£eeming area through a gate insulation film on
a surface of said channel-forming area, and in that in said source
area and said drain area an area which overlaps ends of said gate
electrode through said gate insulation film is a low concentration

area formed in a process prior to that in which said gate electrade

is formed.

2. A thin film transistor according to claim 1 characterized
in that the impurity concentration of said low concentration area is

2.0
equal to or less than 1 % 1028 cm -3.

3. A thin film transistor according to claim 1 or 2
characterized in that said low concentration area is an area on which

s implanied
the crystallization treatment is applied after impurities are infected

. ) : substrate
to a silicon film formed on the surface of said base.

4, A thin film transistor according to any one of claims 1 to
3 characterized in that said source area and said drain area have a
low resistance area which connects to said respective laow

concentration area with a high impurity concentration.
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5. A thin film transistor accofding to any ane of claims 1 to
3 characterized in that said source area and said drain area have a
low rTesistance areé which connects to said respective low
concentration area with a film thicker than the film in said low

concentration area.

6. A thin film transistor according to any one of claims 1 to
[ow resitance areaq 6‘_[-‘
S characterized in that said channel-furming area, saidl'source area

and said drain area are areas formed in separate processes.

7. A thin film transistor according to any one of claims 1 to

6 characterized in that the thickness of the film of said Taw

thickness
concentration area is equal to that of the 5= of said channel-

forming area.

8. A thin film transistor according to any cne aof claims 1 to

(thickness of the.

7 characterlzed in that the' film of said low concentration area is

thinner than a depletion layer formed in a state in which the
thickness is determined by the impurity concgntraticn in said low
concenfration area when a potential is applied to said gate

electrode.

9. ' A thin film transistor according to any one of claims 1 to
8 characterized in that the thickness of the film of said low

caoancentration area is equal to or less than about 500 A .
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10. A solid device qharacterized in that it has a thin film

transistor according to any one of claims 1 te 9.

11. A solid device characterized in that it has a CMOS circuit
camposed of a thin film transistor according to any one of claims 1
to 9, and a thin film transistor whiéh has a canverse electric
conductivity type from said thih film transistor, and a source area
and a drain area thereof are formed seTf-a1ignea1y to a gate

electrode.

12. A display device characterized in that - it has a thin fiim
transistor according to any one of claims 1 to 9 as a pixel transistor

in an active matrix array.

13. A display device according to claim 12 characterized in
that said drain area has an extended area which is formed

simultaneously with its cnmpdnent part and which is to farm a

Sforage. capacitance Prioy
nzt:aéien::zpas#ty between it and a scanning line in an apper stage.

14. A display device according to claim 12 or 13 characterized -

substrate .
in that in a drive circuit part formed on the same t2se together with

said active matrix array, a CMOS circuit thereaf has a thin film
transistor having the same non-self-aligned structure as said thin
film transistor, and a thin film transistor whose electric
canductivity type is canverse from that of thé thin film transistor

and which is farmed self-alignedly to a gate electrode.
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15. A display device according to claim 12 or 13 characterized
_ ) ] _ . substra+te

in that in a drive circuit past formed on the same Base together with
said active matrix array, a CMOS circuit thereof is composed of an n-
channel type thin film transistor and a p-channel type thin film

transistor formed self-alignedly to a gate electrode.

16. A display device according to claim 14 or 15 characterized
substrate
in that of thin film transistors formed on said be=e, the thickness
of a film of a source area and a drain area of said self-aligned thin
. ;ﬂ%ijbickness of th-e J
film transistor is equal to that ofva film of said low concentration

area of said non-self-atigned thin film transistor.

17. A display device according to any one of claims 14 to 16
characterized in that.a source area and a drain area of said self-
aligned thin film transistor have an impurity concentration of over
about 1 X 1ag%cm", while said low concentration area of said nan-
self-aligned thin film transistor has an impurity cqncentration of

20
under about 1x 1028 cm ~3.

18. A manufacturing method of a thin film transistor according

to claim 1 charcterized in that a process in which said low
substrate

concentration area is formed on the surface of said b=se is performed

at least before a process in which said gate electrode is formed.

19. A manufacturing method of a thin film transistor éccording
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to claim 18 characterized by forming a silicon film to form at least

said Tow concentration area so that the crystallization treatment
L . implanted
applided on said silicon film after impurities are iwgested to the

inside of said silicon film also activates the impurities.

20. A manufacturing methad of a thin film transistbr according
to claim 18 characterized in that said c}ysta11ization treatment is a
laser annealing method in which a laser Eeam is ir;;diated to said
silicon film to crystallize the film, and tu activate the impurities

inside the film at the same time.

21. A manufacturing method of a thin film transistor according
to claim 18 characterized in that said crystallization treatment is a
s§1id phase crystallization method in which said silicon film is
annealed in a low temperature for a long time to crystallize the film,

and ta activate the impurities inside the film at the same time.

22. A manufacturing method of a thin film transistor according
to claim 18 characterized in that said crystallizatian treatment is a
rapid thermal annealing method in which said silicon film is lamp
annealed to crystallize the film, and to activatg the impurities

inside the film at the same time.
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