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THIN FILM TRANSISTOR, SOLID DEVICE, DISPLAY 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 crystal display panel, and a manufacturing method of a thin 

-
film transistor. Mare particularly, the present invention pertains to 

an improved technique of electrical characteristics of a thin film 

transistor. 

Background Art · 
su.bstro.te. 

In an active matrix~ of a liquid crystal display panel and 

so on, a thin film transistor on board as its switching element is, 

as is shown in Figure 20, far instance, formed in such a way that a 

source area 2205 and a drain area 2206 are self-aligned, by after 

forming a gate oxidation film 2203 on the face of a silicon layer 

2202 an the surface of a-5cl15~ralio1, 1~~~;~~~ions to it, with a gate 

electrode 2204 an 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 
·1 >rtf! la nted 

opposite direction, a pn-junction breaks ~nd a hole is inje• ted. The 

intensity of a drain current tends to be determined by the voltage 
· densi-t:J of 

applied ta between a gate electrode 2204 and a drain area 2206, an~a 

trap energy level in a silicon layer corresponding to 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 ori-off 

current is increased by employing a drain structure whose field 

strength is weakened (LOO structure) ·by establishing a low 

canc~ntration area at an end of a drain area corresponding to an end 

of a gate electrode. In order to manufacture a thin film transistor 

with this LOO structure, a followtng manufacturing method has been 

adopted conventionally. First, as is shown in Figure 22(a), after 

forming a pattern 2402 consistfng of a silicon film on the face of a 
substmte. 
ba:s:e 2401, its face is covered 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 

employing a photolithography technique. By performing an etching 

selectively, with the resist pattern 2405 used as a mask,. a gate 

electrode 2406, thinner than a resist pattern, is farmed. 
. in\f fa Yl t: rl (j 

Third, in an ion implantation method, by injectingt1mpurities 
IS 

which are to be a donor or an acceptor, as much as 1 x lO~m -z for 

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

-.. _, 
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self-aligned way, as in Figure 22(c). An are~ where ions were not 

injected an account of a gate electrode 2406 and a resist pattern 

2405 becomes a channel fo1mlR9 area 2409. 

Fourth, a regist pattern 2405 is removed. In order ta form an 
im.P, J~n-t ~nj 

LOO structure, as is shown in Figure 22(d), by i1tje1 t;ng impurities 

about 1x 1d1*cm- 2 in an ion implantation method, with a gate 

electrode 2406 as a mask, low concentration areas 241~ aP · 2411 are 

farmed in an area corresponding to an end of a gate electrode 2406. 

In a manufacturing method of a thin film transistor with a 

conventional LOO structure, however, because after ·a gate electrode 

2406 is formed, a source area 2407, a drain area 2408 and law 

concentration areas 2410 and 2411 are formed, when a silicon film to 
il>\§larrted 

which impurities are ncecte-d is heat-treated at about .1000-C to 

activate the impurities, a gate electrode 2406 is also heated. 

Therefore, there arise~ a problem that only materials having high heat 

resistance such as a silicon compound can be used as materials of a 

gate electrode 2406, at the expense of its electric resistance and so 

an. If signals are transmitted by employing wires formed 

simultaneously with a gate electrode 2406, as in an active matrix 
substr(}te 
~of a liquid 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 ta a gate electrode 2406. 
densit/ o~ · 

In this methad,~.trap energy level is increased because the 
imtl an tot;lfYl · 

crystalline state which was disturbed by the iejeetiA of impurities 

cannot be restored sufficiently. Hence an off current increases, and 
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the adaptation of an LOO 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 display panel, which can improve 

elect'rical characteristics such as off-current characteristics by the 

improvement of the composition of source and drain areas and a gate 

electrode, and a manufacturing method of a thin film transistor. 

Disclosure of Invention 

In order to salve the above-mentioned problems, in a thin film 

transistor according to the present invention, a channel--f'ii1miog area 

which.can form a channel between a source area and a drain area, and 

a gate electrode which confronts the channel £c1m1Ag area through a 

gate insulation film on the face of the channel ::f:crmi~§ area are set 

s~Sst{11-te up on the face of a . In a source area and a drain area, an area 

which ove.rlaps an end of a gate electrode through a gate insulation 

film is a low concentration area formed in a process prior to that of 

a gate electrode, area whose impurity concentration is under 1x 
20 

lO~cm- 3 , far instance. That is ta say, a source area and a drain 

area have a structure where the areas are ~armed in a process prior 

ta that of a gate electrode, and have a law concentration area 

overlapping a gate electrode, or a source area and a drain area have a 

structure where the areas as a whole are a law concentration area 

formed in a process prior ta that of a gate electrode and its end 

overlap~ the gate electrode. 

.... 
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In a thin film transistor according to the present invention, 

'~'""' t iftJ a source area and a drain area are not formed by iujcc,iAg impurities 

with a gate electrode used as a mask, but are formed before a gate 
irt\P,Jo.n ted 

electrode is formed. Accordingly, when the i:njertA9 impurities are 

activated, a gate electode is not formed yet. Therefore, it is 

possible to activate impurities without being restricted by the heat 

resistance of components of a gate electrode. More par,~icularly, when 

a thin film transistor is formed in a law-temperature process, since 
. im.P.11.\hta-r~m 

a channel area can be crystallized after the i~1j1:tl;n of impurities, 
1 ~ensi-et 0£,, _ . 
V-a trap· energy level can be reduced in a drain area corresponding ta 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 electrode,~field strength is small at the end of a 

gate electrode. Hence, the improvement of an off current 

characteristics of a thin film transistor can be obtaioned. 

When a thin film transistor according to the present invention 

is for~ed in a law-temperature process in which the process highest 

temperature is restrained under about 600-C, it is desirable that an 

activation process ta farm a law 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 law 
. im.P(a. nt.ed 

concentration area and a charinel fu1 A1'Rg area, impurities are ioj'ec.!.ed 

selectively, and then the crystallization treatment. is performed and 

the impurities are activated at the same time. As a crystallization 

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

method, in which a silicon film is crystallized by ~rradiating a 
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laser beam to it and impurities are activated simultaneously; a solid 

phase cry~tallization method {SPC method), in which a silicon film is 

crystallized by anneal in~ 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 activated simultaneously. 

In the present invention, it is desirable to reduce a 
.. ' 

parasitic resistance by setting up a low resistance area which 

connects to a· low concentration area with a high impurity 

concentration, or a low resistance area which connects to a ~ow 

concentration area with a thick film respectively in a source area 

and a drain area. It is also possible to fo1:'m a channel:-t 11 1miJ1g area, 

a source area and a whole drain area or a part of it in a different 

process. 

It is desirable for a film in a low concentration area ta have 

an equal thickness to a film in a channel favming arrea. Or it is 

desirable to set up the thickness of a film in a low concentration 

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 iow concentration area when potential is 

applied to a gate electrode. The thickness of a film in a low 

concentration area is set up, for instance, under about SOOA . 

Such a thin film transistor can be used in various solid 

devices such as a three-dimensional integrated circuit (semiconductor 

device) and an image sensor. It is also possible ta make a display 

device such as a liquid crystal display panel, with a thin film 

I . 
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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 constitute a thin film 

transistor according to the present invention of an n-channel type 

thin film transistor, wh~le in a CMOS circuit of a drive circuit area 
SAbstro.te 

formed on the same bit5e together with an active matrix array, it is 

possible to use an n-channel type thin film transistqy of the same 

structure as a thin film transistor and a p-channel type thin film 

transistor formed in a self-aligned way to a gate electrode. As 

another-combination, conversing the structure of an n-channel type 

thin film transistor and a p-channel type thin film transistor, it is 

possible for the p-channel type thin film transistor ta be of the 

structure according to the present 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 
St-tbStrat ~ 

present invention is used, in a drive circuit formed on the same b:e:s:e 

together with an active matrix array, far any thin film transistor 

constituting a CMOS circuit, an n~channel type thin film transistor 

and a p-channel type thin film transistor which are formed in a self-

aligned way to a gate electrode c~n be used. 

Whichever combination is employed ta 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 

1afflcm - 3 in a source area and a drain area of a self-aligned thin 

film transistor, and under about lX 1cfiecm- 3 in a low concentration 
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area of a nan-self-aligned thin film transistor. As ta thin film 
5'.\bstrt\te 

transistors farmed on a ~. the thickness of a film of source and 

drain areas of a s~lf-aligned thin film transistor may sometimes be 

equal to that of a film· in a low concentration area of a non-self-

aligned thin film transistor. 
stot"Gtge. co.pocitan v~ 

In an active matrix array, 1e~s11Liu11 vuh1me is usually 

connected in series to a drain area of a thin film transistor 
Stora~e ~acita11ce · 

constituting a pixel area. The retefftien eepecity can be formed, for 
prior stc.{j ..e. 

example, with a scanning line in a11 !ippnr st:atc as an upper 

electrode, a gate insulation film of a thin film transistor 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 farmed, after a gate electrode is 
. ·n,._r )a n-r ~ 

formed , i ans cannot be i-r;a • c t =d to the l owe r part , therefore a 

process ne~ds to be added ta form a lower electrode under a gate line 
rnor 

of the ~r stage. In a thin film transistor according to the 

present invention,. by contrast, since at least a low concentration 

area is formed before a gate electrode 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 Drawings 

Figure 1 is a sectional view showing a structure of a thin 

film transistor according ta the first embodiment of the present 

¥ . 



This Sheet Has Been Repfaeed 

111111111111111111 1111111 - 9 -

•· 

THIS SHEET HAS BEEN 
REPLACED 

invention; 

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 transistor 

according to the comparative embodiment; 

Figure 3(a) is an illustration showing a parasitic capacitance 

of a thin film transistor ~hewn in Figure 1; Figur~ 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 sectional views showing a part 

of a manufacturing method of a thin film transistor shown in Figure 

1 . • 

Figures S(a) to (c) are process sectional views showing a part 

of a manufacturing method of a thin film transistor according to the 

second embodiment of the present invention; 

Figures 6(a) ta (d) are process_sectional views showing 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 ta the fourth embodiment of the present 

invention; 

Figures 8(a) to (c) are process sectional views showing a part 

of a manufacturing method 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 shown in 

Figure 9; 

Figures 11(a) to (e) are process sectional views showing a 

part of a manufacturing method of a CMOS circuit (semiconductor 

device) equipped with a thin film transistor according to the seventh 

embodiment of the present invention; 

Figure 12 is a block diagram showing a constitution of a 

liquid 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 
.S1Ahstrate 

on an active matrix b:cR;:e' of a·liquid crystal display panel according 

to the eighth embodiment of the present invention; 

Figure 15 is a sectional view of a thin film transistor formed 
5'A !>sc ra t-e 

on an active matrix~ of a liquid crystal display panel according. 

to the ninth embodiment of the present invention; 

Figures 16(a) to (d) are ptocess sectional views showing a 

part of ij manufacturing method of a thin film transistor formed on an 
sub-ttro i e 

active matrix IJa:5a of a liquid crystal display panel according to the 

tenth embodiment of the present invention; 

Figures 17{a) and (b) are process sectional views showing a 
storn"e ca..pac.1'for 

part of a method of manufacturing a '411l 1 '111e retaunng part in a pixel 

part in a conventional liquid crystal display panel; 

... 
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Figures 18(a} ta (e) are process sectional views showing a 

part of a manufacturing method of a thin film transistor formed on an 
Sl.(Pst r" t-e. 

act'ive matrix ea:ae of a liquid crystal display panel according ta the 

eleventh embodiment of the present invention; 

Figures 19(a) to (e) are process sectional views showing a 

part of a manufacturing method of a thin film transistor formed on an 
- . s"'bstro. t e 

active matrix ~of a liquid crystal display panel ac~ording to the 

twelfth embodiment of 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 below 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 embodiment. 

In this figure, a thin film transistor 110 of the present 
suhstr()te 

embodiment is formed on an insulation b:a:s-e 111 made from glass, quartz 
SCAJ,q-ra Te 

or sapphire and so on, and has on the face of the insulation -5a:se 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 SOOA, for example, about 400A, to which about 1 x 1019 cm - 3 

of phosphorus is added, and a channel-fePmi11g area 114 which lies 

between an n - source area 112 and an n - drain area 113 and connects 

these areas. The n - source area 112, then - drain area 113 and the 

channe1-rii1 miug area 114 are silicon films made by ctystal l izing 
. . 

amorphous silicon, and because then- source area 112, then- drain 

area 113 and the channel F11111111i119 area 114 are determined by the 

presence of impurities, the thickness of films of the n -source area 

112, then C:{rain area 113 and the channel Eo1ming area 114 are 

approximately the same, that is, about 400A. On the surfaces of 

then - source area 112, the n - drain area 113 and the channel-

forw1ng area 114, there.are a gate insulation film 115 consisting of 

an insulation film such as a silicon· oxidation film ta caver them 

all, and a gate electrode 116 farmed on the face of the gate 

insulation film 115. This gate electrode 116 is made from materials 

appropriate ta 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 116, then - source area 112 and 

then - 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 electrode 116 and the end 120 of then - drain area 

113 are relatively large. Note that 121 is an interlayer insulation 

film,. through the contact holes 122 and 123 of which a source 

electrode 124 and a drain electrode 125 connect electrically-
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conduct;vely to then - source area 112 and then - dra;n area 113. 

In a thin film transistor 110 with such a structure, s;nce an 

n - source area 112 and an n - drain area· 113 are formed before a gate 
lft\.f l~nt-ed 

electrode 116 is farmed, when 1113ected impurities are activated in 

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

electrode 116 is not formed yet. Accordingly, if an LCO of a large 
. . pi;:(~l afensit:; 

area or a highly fine LCD is fabricated by emplQying a metal 

electrode with law sheet resistance, for instance, on the gate 

electrode 116, the heat resistance does not restrict the activation 
· irn.ela.n-re.d 

condition of the impurities iajeeted to then- source area 112 and 

the n - drain area 113. In other words, as the impurities ~:;c!~~~et{o 
make then - source area 112 and then - drain area 113 can be 

I 

{ 

activated sufficiently, and at the same time the crystalline state 
imefan-f"a-t~ O")'\ 

which was disturbed by the iR3ectian of impurities can be restored 
dens;-c.1 o_f 

enough_,/\a trap energy level at the end 120 of then - drain area 113 

corresponding to the other side end 119 of a gate electrode 116 and 

its neighborhood can be reduced. And as then - drain area 113 is a 
eillctric 

low concentration area,/\field strength is small near a gate electrode 

116. Hence, the improvement of off current characteristics of a thin 

film transistor 110. 

Moreover, an n- drain area 113 and its neighborhood are thin 
d ens,'-cy .f!..nerg '/ I~ v-e I 

and are both about 400 A thick. The ~ of a trap encrg~ 1 evcl 

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 
de-tlSit.1 

thin, the n:t::tmB::a: 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 400A, are shown by ·a solid line L1, and in Figure 2{b) where 

gate voltage-drain current characteristics of various thin film 

transistors in which a drain area and its neighborhood are 2000A as 

a comparative embodiment, 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 (400A th1~k), and that 

off current characteristics of a thin film transistor according to the 

present embodiment are good. 

Furthermore, in a thin film transistor 110 according ta the 

present embodiment, an n- drain area 113 near an end of a gate 
electric 

electrode 116 is flat, hence aAfield convergence occurs less often· 

between the other side end 119 of a gate electrode 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 -drain 

area 113 and a gate electrode 116 is large, the amount of impurities 
i f>\.{'I a n te.d. . · 
iRJeeted 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, far 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 that a depletion layer may reach the lower face of an n- source 

area 112. Explaining in detail, when a potential is applied ta 

between a gate electrode 116 and an ·n- source area 112, as shown in 

Figure 3(a), the first capacity Cl corresponding to a gate insulation 

film 115, the second capacity C2 corresponding ta a depletion layer 
· sv,bs-crat.e 

126, and the third ca-pacity C3 corresponding to a side of a -B:a:se 111 

are connected in series, and their combined capacity is small. By .. , 

contrast, when an n- source area 112 is thick, as shown in Figure 

3(b), the lower face of a depletion layer 126 lies halfway in the 

thickness direction of an n- source area 112, and only the first 

capacity Cl 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 
11\ 

to the impurity concentration, ix 101=*3" cm - 3 but that the thickness 

of an n- source area 112 can be set up so that a depletion layer 126 
.su Astra Te. 

may reach the lower face of an n- sou~ce area 112 {side of a :b:a:ce 111) 

according to the impurity concentration. Cancr~tely, an n- source 

area 112 may sometimes be as thin as about 100A, considering the 

limitation of a process an control of impurity concentration. 

Next, referring ta Figures 4(a) to (d), a manufacturing method 

of a thin film transi~tor in this embodiment will be explained. 

Figures 4(a) ta (d) are all process sectional views showing a 

part of a manufacturing method of a thin film transistor in this 

embodiment .. 

First, as is shown in Figure 4{a), an the surface of an 
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insulation~ 211, a resist pattern 203 is formed employing a 

photolithography technique after an amorphous silicon film is built up 

in a low-temperature process, for instance, a sputtering process or 
t...PCVD 

an t;p:e¥O method in an atmosphere of the temperature of 550-C to 600 

-C, and by patterning the amorphous silicon film to farm a pattern 202 

(amorphous silicon film). Note that although it is possible to 
-

inject impurities after an amorphous silicon film is crystallized by 
impf an fQ ti O'"'h 

the irradiation of a laser beam, the i~eet;an of impurities causes 

the crystalline state to be disturbed, therefore another restoration 

treatment will be necessary. Accordirigly, in this embodiment, after 
im.plt.\Vl"ttrt~~ 

the ~~jeesieA of impurities, a crystallization treatment is performed, 

which activates the impurities at the same time. 

That is, after an amorphous silicon film is patterned, a 

resist pattern 203 is removed, and as is shown in Figure 4(b), after 

another- resist pattern 204 is formed, using 204 as a mask, by ion 
. ~mrl"n?°; ~ 
}"JCet1Rg phosphorus, an n- source area 212 (low concentration area) 

and an n - drain area 213 (low concentration area) having an impurity 
18" 

concentration of about 5 x 101:8cm- 3 are formed. Of a pattern 202 of· 

an amorphous silicon film, an area to which phosphorus was not 
ift\plattte&t .. 
;nJ eted becomes a channel Ecrm;eg area 214. 

remove4 
Then, after a resist pattern 204 is &tFippgd, an amorphous 

silicon film (pattern 202) is annealed by irradiating a laser beam to 

polycrystallize the amorphous silicon film and to activate the 
imrl°'n-teti( . 

impurities ~njeeted to it simultaneously. Alt~rnatively, an 
n i tro. q-e 'YI 

amorphous silicon film is annealed for about four hours in.a ejtriGiRg 

.atmosphere of the temperature of about 600 "C, for example, (solid 
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phase crystallization method: SPC method) to crystallize the 

amorphous silicon film and simultaneously to activate the impurities 
impfOKtnd 
jojer::te:tf to it. In this case, according to the necessity, a plasma 

hydrogen treatment is performed in an atmosphere of the temperature 

of 350~, or an amorphous silicon film is rapid-thermal-annealed 

both to crystallize the amorphous silicon film and to activate the 
implan+ed 

impurities i.11je::tea to it. 

Next, as is shown in Figure 4(c), after a gate insulation film 

215 is formed on the surface of an amorphous silicon film (an n-

source area 212, an n - drain area 213, and a channel-t11 111chtg area 

214), a gate electrode 216 made from such a material as metal on the 

surface of the gate insulation film 215. The side ends 217 and 218 of 

the gate electrode 216 confront the ends 219 and 220 of the n -

source area 212 and the n - drain area 213. 

Subsequently, as is shown in Figure 4(d), after an interlayer 

insulation film 221 is formed 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 in 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 to fabricate a thin film transistor 

11 o. 

As is clear from the above discussion, in a manufacturing 

method of a thin film transistor 110 according to this embodiment, 
impf t:4 ri i'ev{ 

after impurities are if!Ject~a·ta a silicon film such as an amorphous 

silicon film, a crystallization treatment is performed on an amorphous 

silicon film, and the crystallization treatment itself activates the 
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impurities at the same time. Furthermore, because in sub~equent 
j l'1\ P. la n ted 

processes, impurities are not LBjret;ed, processes are simplified and 

the silicon film after the ·crystallization treatment, whose 
dens,'v o.F 

crystalline state is not broken by the injection of impurities,/\a trap 

energy level does not increase, hence a thin film transistor 110 

whose off current characteri~tics are goad can be manufactured 
-

efficiently. Note that the silicon film can be a polycrystalline 

silicon film instead of the amorphous silicon film used in this 

embodiment. 

Second Embodiment 

With reference to Figures 5 (a) to (c), a thin film transistor 

according ta the second embodiment of the present invention and its 

manufacturing method will be explained below. 

Figures 5 (a) ta (c) are process sectional views showing a 

part of a manufacturing process of a thin film transistor in this 

embodiment. 

A thin film transistor in the present embodiment, like a thin 

film transistor according ta the first embodiment, has a structure 

shown in Figure S(c) ta improve on-off characteristics. 

A thin film transistor 300 has, on the face of an insulation 
suP.s-crate 
~ 301 made from glass, quartz, sapphire and so on, an n - source 

area 302 (low concentration area) and an n - drain area 303 (low 

concentration area) to which about 1x 1020cm- 3 of phosphorus is added, 

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

304 consisting of a thin film made from silicon such as 
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polycrystalline silicon of the thickness of about lOOOA 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-CutmU\g area 

304 and an n- drain area 303, there is a gate insulation film 305 such 

as a silicon oxidation film. An end of a gate electrode 308 on the 

surface of 305 overlaps an n - source area 302 and an n- drain area 
-

303 through a gate insulation film 305. 

In order to manufacture a thin film transistor 300 of such a 

structure, first, as is shown in Figure S(a), after an n - silicon 

thin film made from such materials as polycrystalline silicon to which 
2.0 

about· 1 x 102=@" cm - 3 of phosphorus, for instance, is added is built 
substraie 

up about 1500A on the face of an insulation i::a::se 301, the n -

silicon thin fiim is etched selectively to form an n- source area (low 

concentration area) and an n - drain area 303 {law concentration 

area). Subsequently, on the faces of an n- source area 302 and an n-

drain area 303, a channel Fs1111i119· area 304 consisting of a silicon 

thin film made from such materials as polycrystalline silicon of the 

thickness of about 1000A is formed to connect 302 and 303. Then the 

whole device is thermal oxidated to farm a gate insulation film 305 

consisting of a silicon oxidation film, an the surface of which a 

gate electrode material 306 is formed consisting of metal, a 

transparent electrically-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 electrode 

material 306, an the area an which a gate electrode is to be made, a 

resist pattern 307 is formed employing such a technique as a 



- 2 0 - THIS SHEET HAS BEEN 
REPLACED 

photolith~graphy technique, and with 307 used as a mask, a gate 

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 303 through a gate insulation 

film 305. 

Then a registration pattern 307 ·is removed. After that, as is 

shown in Figure S{c), an interlayer insulation film 309 consisting of 
. , 

a silicon oxidation film is formed as in a usual process. After a 

contact hole 310 is formed in an interlayer 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 - sourc~ 

area 302 and an n- drain area 303 are formed before a gate electrode 

308 is farmed, an n - source area 302 and an n- drain area 303 can be 

farmed in an ideal condition without being restricted by the heat 

resistance of materials ta constitute a gate electrode 308. Hence, 

the improvement of off current ·characteristlcs. 

Third Embodiment 

With reference ta 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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of a manufacturing process of a thin film transistor in this 

embodiment. 

A thin film transistor in this embodiment, compared ta a thin 

film transistor according to the first embodi~ent, aims at improving 

on current characteristics in addition to the improvement of off 

characteristics by farming areas of different concentrations in a 

source area and a drain area. As is shown in Figure 6(d), the 
.stlbstr4 i'e. 

transistor has, on the surface of an insulation b:ase 401 made from 

such materials as glass, an n+ source area 412 (low resistance area of 

high concentration) and an n - source area 405 (law concentration 

area) on the source area side, and an n· drain area 413 (low 

resistance area of high concentration) and an n - drain area 406 (low 

concentration area) an the drain area side. An end of a gate 

electrode 409 overlaps an end of an n - source area 405 and an end of 

an n- drain area 406 of low concentration through a gate insulation 

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 shown in Figure 6(a), about lSOOA of a 

silicon thin film, made from polycrystalline silicon and so on, is 
subs\.Y?A t e 

built up on an insulation ~ 401 made from such materials as glass. 

Subsequently, 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), ~ new resist pattern 404 is farmed employing such a 

technique as a photolithography technique, and with the pattern 404 

used as a mask, phospho~us is ion J~~:Q.J":'\o form an n- source area 
I~ 

405 and an n- drain area 406 of about 1x lOl:i-cm- 3
• An area on which 

irn. f. l<A n ta fa ""'-
an ion i HJi3sti on was not performed becomes a channel-fSFlll i ng· area 407. 

Third, after a resist pattern 404 is removed, the whole device 

is thermal axidated ta farm· a gate insulation film 408 consisting of 

a silicon oxidation film, as is shown in Figure 6(c). This heat­
im.planted · 

treating process ~lso has an effect of activating the h13e• ted ions. 

Then a gate electrode 409 is formed consisting of metal, a 

transparent electrically-conductive film, a polycrystalline silicon 

film to which impurities are added, and so on. A gate electrode 409 

overlaps a part of an n- source area 405 and an n- drain area 406 

through a gate insulation film 408. 

Fourth, as is shown in Figure 6(d), after an interlayer 

insula·tion film 410 consisting of a silicon oxidation film is formed, 

contact hales 411 are formed in it. Then with an interlayer 
i"'p/antea 

insulation film 410 used as a mask, phosphorus is ion i~Jected. At 
impltAYlte~ . 

the same time the irrjected ions ar~·activated by irradiating a laser 

beam ta form an n • source area 412 and an n+ drain area 413 of about 
.;,./ 

S x 102=fcm- 3 • 

Subsequently, 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 an, are connected to 

their respective n· source area 412 and h • 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 of a gate 

electrode 409 are farmed before a·gate electrode 409 is farmed. 

Accordingly, if a gate electrode 409 is made from such materials as 
imP.lt.\n-ted 

metal, the impurities i"#jecte~ to an n - source area 405 and an n-

drain area 406 can be activated sufficiently without being restricted 

by the heat resistance of the material, and at the.same time the 
imelarrt~d .· 

crystalline state disturbed by the i::#'f:jeste:ef impurities can be 
rfe.n 6i tJ t> f . 

restored enough, hencef\a 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 low concentration area, field strength is small 

near a gate electrode 409. Hence, the im~rovement of off current 

characteristics of a thin film transistor 401. 

Furthermore, of a source area and a drain area, the area which 

can influence such features as an-off characteristics is a law 

concentration area, while the area ta which a source electrode 420 and 

a drain electrode 421 connect is a high concentration area, therefore 

parasitic resistance is low and a strong an current can be obtained. 

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 an-off characteristics and an on current. 

Figure 7 is a sectional 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 an the surface cf 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 S x 
2b 

102'ecm- 3 of phosphorus, an n - source area 434 and an n- ~rain area 435 
IS-

containing about sx lOi=Bcm- 3 of boron, and a channel-forming area 
• • 1'7 

436 conta rnmg about 1 x 10¥J'cm- 3 of boron. On their surface, there is 

a gate insulation film 437 consisting of an insulation film such as a 

silicon insulation film, on the· surface of which there is a gate 

electrode 438 consisting of metal, a transparent electrically­

conductive film arid so on. An end of a gate electrode 438 overlaps 

ends of an n- source area 434 and an n- drain area 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, consisting of metal, a transparent 

electrically-conductive film and so ~n. connect to an n- sou~ce area 

432 an n· drain area 433 through the contact hales 440 farmed in 439. 

In a thin film transistor 430 of such a structure, though the 

expl~nation of its manufacturing method is omitted, since an n- source 

area 434 and an n- drain area 435 overlapping an end of a gate 

electrode 438 are farmed before a gate electrode 438 is formed, if a 

gate electrode 438 is made from such materials as metal, the 
ii)\plctnT.Pd 

impurities i~13e• ted-ta an n - source area 434 and an n- drain area 435 

can be activated sufficiently without being restricted by the heat 

resistance cf the material. It also has an advantage that the 
im.pla n-t-eA 

crystalline state which was disturbed by the ;niected impurities can 
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Furthermore, of a source area and a drain area, the area that 

can inf 1 uence such f ea tu res as on-off characteristics· is a 1 ow 

concentration area, while there is also a high concentration area (an 

n• source area 432 and an n· drain area 433), therefore parasitic 

resistance is low and a strong on current can be obtained.· 

Fifth Embodiment 

Next, with reference to· Figures 8(a) to (c), a thin film 

transistor according to the fifth embodiment of the present invention 

and its manufacturing method will be explained. 

Figures S(a) to (c) are process sectional views showing a part 

of a manufacturing process of a thin film transistor in this 

embodiment. 

A thin film transistor in this embodiment, compared to a thin 

film transistor according ta the second embodiment, by forming areas 

of different concentrations in a source area and a drain area, the 

.improvement of an current characteristics as well as the improvement 

of off characteristics is intended. As is shown in Figure B(c), of 
. substro te. 

the surface of an insulation ~ 453 made· from glass and so on, a 

thin film transistor 450 has on the source area side an n - source 
.2/ 

area 458 (high concentration area) containing about 1 x 102=tcm- 3 of 

boron and an n- source area 452 (law concentration area) containing 

about 1x 101~cm- 3 of boron, and on the drain area side, an n - drain 
- 21 

area 459 (high concentration area} containing· about 1 x lO:z-tcm- 3 of 

boron and an n- drain area 451 (low concentration area) containing 
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about 1x 10.i:s1cm- 3 of boron. An end of ~gate electrode 456 overlaps 

an n - source area 452 and an n- drain area 451 of low concentration 

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 of high concentration. 

In order to fabricate a thin film transistor 450 of such a 

structure, first, as is shown in Figure S(a), a silicon thin film of 
.... 

low concentration, made from polycrystalline silicon and so on, and of 

the th i clcness of about 1 SOOA , to which about 1 x 101~cm- 3 of boron is 
StAhstra re 

added, is formed on an insulation ba:sa 453 made from glass, quartz, 

sapphire and so on. Then by etching the silicon thin film 

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-faPmlng area 454 consisting of a silicon thin film made from 

such materials as pol~crystalline silicon whose thickness is 250 A 

is form~d in such a way as to connect 452 and 451. Then, a gate 

insulation film 455 consisting of a silicon oxidation film is formed 

on the whole surface by employing an ECR-CVD method. And a gate 

electrode 456 is formed consisting of metal, a transparent 

electrically-conductive film, polycrystalline silicon film· to which 

impurities are added, and so on. An end of a gate electrode 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 S(b), a resist pattern 457 is 

farmed to caver a fixed area of a p - source area 452 and a p - drain 

area 45~ employing such a technique as a light exposure technique. 
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With the pattern 457 used as a mask, boron is ion i11J sted. And 

impurities are activated by irradiating a laser beam. 

A resist pattern 457 is removed. Afterwards, as in a usual 

process, as is shown in Figure B(c), after an interlayer insulation 

f i 1 m 460 consisting of a· silicon oxidation film is formed, a contac·t 

hole 461 is formed in it. Then a source electrode 462 and a drain 
. 

electrode 463, consisting of metal, a transparent ~lectrically-

conductive film and so on, are connected to a p· source area 458 and 

a p + drain area 453, respectively. 

In a thin film transistor 450 fabricated in this way, because 

a p - source area 452 and a p - drain area 453 are formed before a 

gate electrode 456 is formed, it has effects similar to those of a 

thin film transistor according to the second embodiment. Furthermore, 

since a p+ source area 458 and a p • drain area 459 are formed, a 
l4Yj-e 

transistor 450 has·small parasitic resistance and can get a stFnng on 

current. 

Sixth Embodiment 

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

film transistor according ta the sixth embodiment of the present 

invention. 

In this figure,·a thin film transistor 500 in this embodiment 
51-4pStrat.e 

is also formed on an insulation ~ 501 made from glass, quartz, 

sapphire and so an, and its source area 502 has a p - source area 503, 

which is a p - silicon film of the thickness of about SODA ta which 

about 1x 10~cm- 3 of baron is added, and a p+ source area 504 (thick, 
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low resistance area of high concentration), which is a p • silicon 
2./ 

film of the thickness of about 2000 A to which about lX lO~cm- 3 of 

boron is added. A drain area 505, on.the other hand, has a p - drain 

area 506, which is a p- silicon film of the thickness of about 500 A 
18' 

to which about 1x lO~cm- 3 of boron is added, and a p • drain area 

507 (thick, low resistance area of high concentration), which is a p 
:J./ 

• silicon film to which about 1x lO~cm- 3 of boron is added and which 

has the thickness of about 2000A . Between a source area 502 and a 

drain area SOS, there are a channel•i•11111i11g area 508, consisting of a 

silicon film and so on, formed in such a way as to connect to the 

areas 502 and SOS, a gate insulation film _S09, consisting of an 

insulation film such as a silicon oxidation film to cover the whole 

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 S09. A gate electrode 510, a 

source area 502 and a drain area 505 are not farmed in a self-aligne9 

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 506 (end) of a drain area SOS 

confront with a relatively large overlapping area. S13 is an 

interlayer insulation film. A source electrode 516 and a drain 

electrode 517 connect electrically-conductively to a p - source area 

504 of a source area 502 and a p· drain area 507 of a ~rain 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 
eleetri c. 

of a drain area SOS, for example,,t{ield strength is small near a gate 

electrode S10. Hence the improvement of off current characteristics. 

A source area 502 and a drain area SOS are not constituted in a 

self-aligned way to a gate electrode 510. In other words, a source 
tlt\pltHlTllf. I'">'\. 

area S02 and a drain area SOS are not formed by an ion .tnJecti11n with 

a gate electrode 510 used as a mask, but a source area 502 and a drain 

area 505 are formed before a gate electrode 510 is formed, therefore 
im.f.IC\nt ~ 

impurities b:ljo~ted to a source area and a drain area can be activated 

without being restricted by the heat resistance limit of a gate 

electrode, even if the heat resistance of a gate electrode 510 is as 

low as 600°C, for instance. Accordingly, since the crystalline state 
implanto1~~ 

which was disturbed by the i11jec' iu11 of impurities can be restored 

sufficient~energy level of a drain area 505 corresponding 

to an end of a gate electrode 510 and its neighborhood 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 ta Figures lO(a) ta (c). 

Figures lO(a) to (c) are process sectional views showing a 

part of a manufacturing method of a thin film transistor in this 

embodiment. 
.SubstYiA 1e 

First, as is shown in Figure 10(a), on an insulation b:a:a-e 601 

made from glass, .quartz, sapphire and so an, about 2000A of an 
2..t> 

amorphous silicon thin film to which about 1x 102t)cm- 3 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 2SOA 

of an amorphous silicon film 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 resist pattern 605 

used as a mask, p - areas 606 and 607 of the concentration of about 5 
fl_ impl~tltcft°• i>'l of 

x 10~cm- 3 are farmed by ion itrjecting baron, 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 
i~r,Janted 

the a!ea to which ions were not iaject~d, because of the masking of a 

resist pattern 605, becomes a channel~Fg1ml1~ area 610. 

Fourth, after a resist pattern 605 is stripped, in a ar~~01!i; 
atmosphere-of the temperature of about 600~, far instance, by 

performing an annealing far about four hours (solid phase 

crystallization method: SPC method), an amorphous silicon film is 
i 17\f. 1 ~ n-tet./ 

crystallized, and at the same time the impurities t:flJectad top+ 

areas 602 and 603 and p- areas 606 and 607 are activated. 

Fifth, in an ECR-CVO method, a gate insulation film 611 

consisting of a silicon oxidation film is formed on the whole surface. 

Sixth, a gate electrode material made from such materials-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 light exposure technique, a gate electrode 612 is 
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farmed. In farming a gate electrode 612 by 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 shown in Figure 

lO(c}, after an interlayer insulation film 615 consisting of a 

silicon oxidation film, and contact hales 616 and 617 are formed, a 

source electrode which el ectr i ca 11 y-conduct i vel y conn.e,cts to a high 

·concentration 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 9. 

Seventh Embodiment 

With reference to Figures ll(a) to (e), one embodiment of a 

semiconductor device equipped with a CMOS circuit consisting of a thin 

film transistor according to the first to sixth embodiments will ·be 

explained below. 

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 film transistor 700b on 
. substrote. 

the surface of the same insulation b-n:s-c 701 made from such 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 

a p - drain area 709.(low concentration areas) that ends of gate 

electrodes 714 and 715 overlap through gate insulation films 712 and 

713. On the other hand, it is an n • source area 719, a p- source 
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area 722, an n + drain area 720 and a p+ drain area 723 (high 

concentration areas) .that source electrodes 724 and 725 and drain 

electrodes 726 and 727 connect to. 

In order to manufacture a CMOS circuit 700 of such a 

structure, first, as is shown in Figure ll(a)~ on the surface of an 
5\\bstru t.e 

insulation ba:se 701 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 film, patterns 702, 703, 704, and 705 of 

a silicon thin film are formed. Afterwards, in a well-known method, 

phosphorus is ion f:-fl~:a~to patte;ns 702 and 703 of a silicon thin 
19 

film ta make the patterns about sx lOMh::m- 3 of an n- source area 706 

and an n- drain area 707, respectively. On the other hand, boron is 
ill'\p)t\r1 tet( 

ion b1jected to patterns 704 and 705 of a silicon thin film to make 

the patterns about 5 x 1 o1f:scm- 3 · 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 

1000.A made from such materials as polycrystalline silicon, are formed 

so that an n - source area 706 and an n- drain area 707, and a p -

sour~e area 708 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 impuri~ies in 

an n- source area 706, an n - drain area 707, a p - source area 708 
im~l~n te.d 

and a p - drain area 709 to which ions were injected. Next, gate 
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electrodes 714 and 715, consisting of metal, a transparent 

electrically-conductive film, polycrystalline silicon to 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 ll(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 ~ - drain area 709 (the side af ~ p-

channel type thin film transistor 700b) is formed. With the 

regist~at;ettr-pattern 718 and an interlayer insulation film 716 used 
z./ 

as masks, about 5 x lO~cm- 3 of an n~ source area 719 and an n+ 
irn.planto.f,rn o? 

drain-area 720 are formed by ion i~jccti~g pfiosphorus. 

After a resist pattern 718 is removed, as is shown in Figure 

ll(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 farmed. With the registr=tioa pattern 721 and an interlayer 

insulation film 716 used as masks, about sx lO~cm- 3 of a p+ source 
imf.fo.tntat;m oJ 

area 722 and a p- drain area 723 are formed by ion M:tjeutill§ boron. 

After a resist pattern 721 is removed, respective impurities 
i m.p/D.11tec{ 

which were ion inJeeted are activated by irradiating a laser beam. 

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

source electrodes 724 and 725 and drain electrodes 726 and 727, 
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consisting of metal, a transparent electrically-conductive film and 

so on, are connected to an n + source area 719, a p· source area 722, 

an n + drain area 720 and a p+ drain area 723, respectively. 

An n-channel type thin film transistor 700a and a p-channel 

type thin film transistor 700b formed on the same insulatioifA~1fh1 
have improved off current characteristics and on current 

characteristics. 

Eighth Embodiment 
substr'lte 

A structure of an active matrix C:as:e with peripheral circuits 

of a liquid crystal display panel built-in as a typical device 

equipped with a thin fil~ transistor will be explained below as the 

eighth embodiment of the present invention. 

Figure 12 is a block diagram showing a whole constitution of 
5'.lhstro. t e 

an active matrix b8:5:e- in this embodiment. As is shown in the figure, 
SCA!'>strtAte. 

an active matrix .b::c:s:e 800 is divided into a pixer part BOOa and 

peripheral circuit parts 800b and 800c (drive circuit parts}. ln a 

pixel part BOOa, as ·is shown in Figure 13, a pixel area 803 is 

sectioned by scanning lines (gate liries) 801a and 801b (801) connected 

to a peripheral circuit part BOOb (~canning line drive circuit), and 

by a signal line 802 connected to a peripheral circuit part BOOc 

(signal line drive circuit). A pixel part BOOa has a thin fil~ 

~ransistor BOOd, which switches over a state in which the side of a 

signal line 802 and the side of a pixel electrode 804 are connected 

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

scanning line BOla. The thin film transistor BOOd m~st 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 operating speed. 

Accordingly, it is possible to use a thin film transistor according to 

the present invention in a pixel part aooa, 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 
5'.\bstmte. 

an active matrix~ in this embodiment and three thin film 

transistors 900a, 930a and 960a farmed 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 film transistor 960a formed in a pixel part, shown in the 

middle of the figure is an n-channel type thin film transistor 930a 
.. 

formed tn peripheral circuit parts, and shown on the left of the 

figure is a p-channel type thin film transitor 900a formed in 

peripheral circuit parts. In peripheral circuit parts, a CMOS circuit 

is composed of a p-channel type thin film transistor 900a and an n-

channel type thin film transistor 930a. 

Of 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 

electrode 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 96Sa (low concentration drain area). P-



--.. - 3 6 - THIS SHEET HAS BEEN 
REPLACED 

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 electrode is 

connected 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 explanation, 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. 
S1Abstrute 

In an active matrix ~ 950a of such a structure, an n-

channel type thin film transistor 960a has an LOO structure in a pixel 
deY\S'itj c.f 

part, and has a stru_cture in ·which /\a trap energy 1 evel is reduced, 

therefore its off current is decreased. An n-channel type thin film 

transistor 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 
SubStrG\ i-e 

A constitution of an active matrix l;a::a"e with peripheral 

circuits of a liquid crystal display panel built-in according to the 

ninth embodiment will be explained below. 
s"'bstrat~ 

·An active matrix b:a::s-e with peripheral circuits built-in in 

this embodiment and an active matrix base with peripheral circuits 

built-in according ta the eighth embodiment have the same basic 

structure, but they differ in the combination a·f thin film transistors 

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

improving off current characteristics of a thin film transistor used 

in a pixel part aooa, and by decreasing the number of masks used in a 
.substmT~ 

manufacturing process of an active matrix l:Je5a BOO without sacrificing 

the operating speed in peripheral circuit parts 800b and 800c. 

The structure of the thin film transistor will be explained 

below. 

Figure 15 is a sectional view showing a ctinstitution of a thin. 
sW:>strei te. 

film transistor formed in a pixel part of ~n active matrix ba:S:e and a 

thin film transistor formed in peripheral circuit parts in a liquid 

crystal display panel illustrated i_n Figures 12 and 13. 

In Figure 15, shown on the right of the figure is an n-channel 

type thin film transistor 960 formed 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 left of the 

figure is a p-channel type thin film transitor 900 farmed 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 nan-

self-aligned way ta gate electrodes 933 and 963, and the transistors 

960 and 930 confront ends of gate electrodes 933 and 963 with the n-
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source areas 934 and 964 (low concentration source areas} and n -

drain areas 935 and 965 {low 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 electrode is 

connected electrically-conductively ta a drain area 962 of· an n-

channel type thin film transistor 960 in a pixel part, but that in the 

following explanation, it is illustrated ~s a structure in which a 

usual aluminum electrode is connected electrically-conductively to the 

drain area, as in a source area 961. 
S\\bs1:Y'llt.e 

In an active matrix ha:s:e 950 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 wh i c~ energy level is reduced, 
· etensit/ oy. , 

therefore its off current is decreased. An n-channel type thin film 

transistor 930 formed in peripheral circuit parts, on the other hand, 

is not self-aligned, therefore it has larger parasitic capacitance 

than a self-aligned structure, and there is a fear of its operating 

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 embodiment, a p-

channel type thin film transistor is self-aligned). Furthermore, 

even in a non-self-aligned thin fi-lm transistor, 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 

I . 



·--··--

- 3 9 - THIS SHEET HAS BEEN 
REPLACED 

have such a structure as in this embodiment, the operating speed is 

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 
s~"C"Ytlf.r<. 

of thin film transistors are formed on an active matrix ~ 950, 

productivity can be raised by decreasing the number of masks used in 
· s~rat'2 

a manufacturing process of an active matrix~. c:,ompared to an 

active matrix~~.JOJ~oa according 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 two types of thin film 
SIADstY'Q 1-e. 

transistors are formed on an active matrix tFa:s:e of. a liquid crystal 

display panel, as in the ninth embodiment. 

First, as is shown in Figure 16(a), an the surface of an 
sW>s-tra-t=e 

insulation ~ 1001 made from glass, quartz, sapphire and so on, 

~bout SODA of an amorphous silicon film 1002, for instance, is built 

up. Resist patterns 1003, 1004 and 1005 are farmed on 1002. With 
i~ f.14 n-tec( 

these patterns used as masks, phosphorus is ion i..ject:ed to farm· low 

concentration areas 1006, 1007 and 1008 containing about 1 x lO~cm-:1 

of impurities. 

Second, an amorphous silicon film 1002 is annealed by 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 t6{b), an amorphous silicon film. 

1002 is etched selectively to farm silicon thin film patterns 1009, 

1010 and 1011. Silicon thin film patterns 1009 and 1010 become active 

areas of a p-channel type thin film transistor and an n-channel type 

thin film transistor in peripheral circuit parts, respectively, while 

a silicon thin film pattern 1011 becomes an active area of an n-

channel type thin film transistor in a pixel part. And the above-

mentioned low concentration areas 1006, 1007 and 1008 became n- source 

areas 1012 and 1013 (low concentration source areas) and n - drain 

areas 1014 and 1015 {law concentration drain areas) of an n-channel 

type thin film transistor. The area in an active areas 1010 and 1011 

of an n-channel type thin film transistor to which impurities are not 
im.pl0inte4 · 
iaaected becomes channel-F111mi11g areas 1016 and 1017. 

Fourth, after a gate insulation film 1018 consisting of a 

silicon oxidation film is formed on the whole surface in an ECR-CVD 

method, respective gate electrodes .1019, 1020 and 1021 made from such 

materials as metal are formed on the surface. Of respective gate 

electrodes 1019, 1020 and 1021, ends of gate electrodes 1020and1021 

ta 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 101Sa (lower 

electrode) in a drain area 1015 of a thin film transistor 1024 used 
sn n.g ~ co..p_a c i-ta h u_, 

in a pixel part, a va 1 11se retaiaiag part is composed of an 

overlapping gate electrode 1025 in an upper state. 

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

as a photolithography technique, a resist pattern 1026 to cover a 
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forming-area of n-channel type thin film transistors 1023 and 1024 is 

formed, and boron is ion \~~~en;t~~ In .this ion {~§~n;\~~;~a gate 

electrode 1019 is used as a mask, and a source area 1027 and a drain 
:1.,/ 

area 1028 of the impurity concentration of about sx lO!='icm- 3 are 

formed self-alignedly in a thin film transistor 1022. 

Sixth, after a resist pattern 1026 is removed, impurities are 

activated by irradiating a laser beam. The irradiat{on of a laser 

beam is performed ta activate impurities to lower their resistance,· 
I mp/anted 

not ta restore the crystalline state disturbed by the injee~ad 

impurities. A p-channel type thin film transistor 1022 used in 

peripheral circuit parts need not have a small off current. 

Accordingly, in this process, it is sufficient to lower the 

resistance of the impurities by activating them by the irradiation 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 source 

electrode 1031 and a drain electrode 1032 are connected electrically-

conductively to respective thin film transistors 1022, 1023 and 1024. 

As is cl ear from the above ex pl anat i an, in a manufacturing 
substra -re 

method of an active matrix l:tft!s-e in this embodiment, as mask patterns 
itT'~l£lnia1'• ~ 

used in the ~J·ction of impurities, two mask patterns 1003 and 1026 

can be employed. By contrast, if both an n-channel type thin film 

transistor and a p-channel type thin film transistor 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 cast can be reduced by decreasing the number of masks 

without sacrificing the operating speed and so an. 

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, 
stora.,, .e c.o..p~ c;ra n c e 

to form a .r=tM~iens-a.pa.•ity filaFt 805 of 1.be1 ge 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 adapted. In order ta form a 
sto~c. ca..pacita nCJ2. 

!etoEfie" eara•ity ~art 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 farmed~ ions 
· im.plan-ted 

are i-flJ" tetl to make an extended part 1103 a low concentration area, 

and then with a gate electrode 1104 used as a mask, impurities of high 
im.plante.d 

concentration are ion i11jscted. According ta a manufacturing method 

in this embodiment, as is shown in Figures 16(a) and (b), in a process 
. · imp/a h-t-ed 

in which impurities of low concentration are ~Jeeted, an extended 

part 101Sa becomes a low concentration area ·automatically. In 

subsequent processes, a~ 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 101Sa. Accordingly, it is possible to 

make a ~i.~~j4~ c;;-,e,i f~~P~:t' making use of a process to manufacture 

a thin film transistor 1024 in a pixel part without adding other 

processes. 

Eleventh Embodiment 

Figures 18(a) to (e) are process sectional views showing a 
~bstrnte 

part of a manufacturing method of a matrix 8:a=s:c ·With per i phera 1 

circuits of a liquid crystal ·display panel built-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 

1300t have a source area and a drain area consisting 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~m- 3 of impurity concentration 

through 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 form~d to be self-aligned to a gate electrode 

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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j T1~is 
f"\,' 

:~n: .. . :. I 

1300c is n· source areas 1302 and 1303 and n· drain areas 1304 and 

1305 of high impurity concentration, therefore the lowering of an on 

current an account of parasitic resistance is prevented. 
S'4hsira +.e. 

In order ta manufacture a_ matrix l;:a:::s-e of such a structure, 
s"'bS-trAt~ 

first, as is shown in Figure 18(a), on an insulation tra:s-e 1301 made 

from glass, quartz, sapphire and so an, n· source areas 1302 and 1303 

and n· -drain areas 1304 and 1305, consisting of n· silicon thin films 

such as polycrystalline silicon with the thickness of about 2000A 
.2...1 

to which about 5 x 1O!=tcm- 3 of phosphorus is add"ed, are formed. 

Silicon patterns 1306 and 1307 of the thickness of about SODA are 

formed on the surface ta 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 formed. 

Then, as is shown in Figure 18(b), a resist pattern 1309 is 

farmed employing.a photolithography technique, and with 1309 used as.a 

mask, an ion i njecti an is performed to make a part of s i1 icon· thin 

film patterns 1306 and 1307 of about sx 10 18 cm - 3 of concentration. 

The area becomes n - source areas 1310 and 1311 and drain areas 1312 

and 1313 of a thin film transistor of so-called GOLOO type (gate 

overlap LOO type). ·The area in silicon patterns 1306 and 1307 to 

which ions were not injected becomes channel~fcr~ing areas 1314 and 

1315. 

After a resist pattern 1309 is stripped, by the irradiation of 
iMp 11. t1-tet( · 

a laser beam on the whole surface, i::ajecled· impurities are activated 

and crystalline grains in channel•F11•ming areas 1314 and 1315 are 

enlarged at the same time .ta improve the characteristics. of a 
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transistor. 

Then, as is shown in Figure 18(c), a gate oxidation film 1316 

consisting of an insulation film such as a silicon oxidation film is 

formed on the whole surface, an the surface of which gate electrodes 

131J,· 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 

through 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 gat~ 

electrode 1320 in an· upper state through a gate insulation film 1316 

to form a ~0f:r&:1a7'~:~~:~c~ 
Next, as is shown in Figure lB(d), employing a 

photolithography technique, resist patterns 1321 and 1322 to cover an 

n-channel type thin film transistor 1300a and an n-channel type thin 

film transistor 1300c in a pixel part are formed. With the resist 
im.plan+ed 

patterns used as masks, boron is ion i 11je• tid to form a p - source 
. .2./ 

area l323 and a p .,. drain area 1324 of about sx 10~cm- 3 • The area to 
i~plant.eJ 

which i ans were not imJt:etB{f becomes a channel-forming area 1325. 

After resist patterns 1321 and 1322 are removed, impurities 

are activated by the irradiation of a laser beam. After that, as in a 

usual process, as is shown in Figure 18(e), after an interlayer 

insulation film 1326 consisting of a silicon 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 1304 and a p • drain area 1324. And a pixel electrode 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 before gate 

electrodes 1317 and 1318 are farmep, the material of a gate electrode 

1318 can be selected without being restricted by the activation 

condition. Therefore a gate electrode 1318 can be made from metal. 

In setting up an n-channel type thin film transistor 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 1300a in peripheral 

circuit parts, therefore its manufacturing process can be simplified. 

In this case, too, since a p-channel type thin film transistor 1300b 

to form 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 characteristics, a p-channel type 

thin film transistor 1300b can be composed of a source area and a 

dratn area of high concentration consisting of one 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 CMOS circuit is composed of a self-aligned 

thin film transistor with small pa~asitic capacitance which can 
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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. 
suhsfr\\t~ 

As is shown in Figure 19(e), in an active matrix~ in this 
.s\.d>stra te 

embodiment, on ·a common i nsu 1 at ion b:e:s:e 1401 , in a pi xe 1 pa rt, there 

is an n-channel type thin film transistor 1400a havtng a so-called 

GOLOO 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 transistor 1400c having a self-aligned 

structure. 

In order ta manufacture these thin film transistors, first, as 

is shown in Figure 19{a), about 1000A, far instance, of a 

polycrystalline silicon thin film, is built up on the surface of an 
substn:rt.e 

insulation~ 1401 made from such materials as glass, and silicon 

thin film patter~s 1402, 1403, 1404, 1405, 1406 and 1407 are formed 

by selectively etching the silicon thin film. Then, phosphorus is 
i P'-P. ltl Y1 Te et 

ion i11je 1 ted to the whole surface to make the silicon thin film 

patterns 1402, 1403, 1404, 1405, 1406 and 1407 of about sx 10~ 18 cm - 3 

of concentration. 

Then channel"!f111 :n;eg areas 1408, 1409 and 1410 consisting of a 

silicon thin film such as about lOOOA 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 silicon oxidation film. This thermal treatment process also has 
im.plttn+-cd 

an effect of activating bijh 141J 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 formed in the fixed area on the surface of 

.gate insulation films 1411, 1412 and 1413. A gate electrode 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 

other hand, do not overlap n- silicon thin film patterns 1404 and 

1405, respectively. 

As is shown in Figure 19(c)~ employing a photolithgraphy 

technique, resist patterns 1417 and 1418 are formed in such a way as 

to cover at 1 east ends of gate elect.rodes 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 
i mplo.n-ted 
i::BJec:ted 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 shown 

in Figure 19(d), ~mploying a photolith~graphy technique 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 
imp_lahted 

part. With these patterns used as masks, boron is ion i~jeetsd to 

form a p· source area 1425 and a p• drain area 1426 of about 5 x 
;L./ 

102=tcm- 3 • 

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

laser beam. After that, as in a usual process, source electrodes 

1427, 1428 and 1429 and drain electrodes 1430, 1431 and 1432 

consisting of met~l, 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 a p- drain area 1426, 

respectively. An n-channel type thin film transistor ~400a having a 

so-called GOLOD structure is formed in a pixel part, whi.le 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 explanation, according to the 

present ·invention, the area to overlap ends of a gate electrode in a 

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, 
im.elan-t .eA 

when impurities i::t1j;:i tt!tl to a source area and a drain area are 

activated, a gate electrode 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 disturbance of 
· · imPltirrtaTitrl'\ 

the crystalline state caused by the iBJectien of impurities can be 
· . densi-Cj of . 

restored sufficiently,l\a 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. 
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lf a· low concentration area is where the crystallization of a 
; ml> la ntia r~ O'\ 

silicon film is performed after the id:j~ction 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 off current characteristics because the 
i MJ_/ a ni D f~ O"'Y\ 

crystalline state is not disturbed by the i~sstia __ r~ of impurities 

after the crystallization treatment. 

When the thickness of films in a low concentration area is 

equal to that of films in a channel-..fsrmi11g area, the surface is 

flattened and an electric field does not concentrate locally, hence 

the improvement of off current characteristics. If films in ~ low 

concentration area are thinner than a depletion layer determined by 

the impurity concentration, the depletion layer reaches the lower 
CAfqCifct/1 l..t; 

face of the low concentration area, and the eapas;ty 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 operating speed is not sacrificed. 

In a liquid crystal display panei with said thin film 

transistor (n-channel type thin film transistor) ·built-in in a pixel 

part; if the same n-channel type thin film transistor is employed in 

a CMOS ci~cuit in a drive circuit 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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simplified 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 an integral high concentration area. 

Furthermore, if an extended area which is formed at the same 

time with a law concentration area and so on, and which is to form a 
stoyq q .e. CD...fD' Ci -ra. n CJ1... 
re t e\tt ; e !! "e, 11 me between i t and a gate l i n e i n an upper state , i s 

sto ro.. 'J-e 
formed in a drain area of a liquid crystal display panel, a r~tentrc.~ 

· cafaci-ta n c...-e . · · 
'lli:J::tm1e can be composed making use of other processes. 
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A thin film transistor characterized in that it has a 

channel..;;:fotmiug area which can form a channel between a source area 
S\.\bstra-t-<e 

and a drain area on a surface of a base, and a gate electrode w~ich 

confronts said channel ~erm;Rg area through a gate insulation film on 

a surface of said channe1~ru1mlng 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 electrode 

is formed. 

2. A thin film transistor according to claim 1 characterized 

in that the impurity concentration of said low concentration area is 
.z.o 

equal to or 1 ess than 1 x 10C8' 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 
im.fft¥JJT'-e.4, the crystallization treatment is applied after impurities are injected 

.:subsirat-e to a silicon film formed on the surface of said~-

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 low 

concentration area with a high impurity concentration. 
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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 

law resistance area wh{ch connects ta said respective low 

concentration area with a film thicker than the film in said law 

concentration area. 

6. A thin film transistor according to any one 'of claims 1 to 
, /ow resl tanc-...ca a~ct oJ ./ 

5 characterized in that said channel-fu1 ming area, saidls""ource area 

and said drain area are areas farmed in separate processes. 

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

6 characterized in that the thickness of the film of said law 
thiCkr1e~ 

concentration area is equal ta that of the ~;~ .. 1 of said channel-

forming area. 

8. A thin film transistor according to any one of claims 1 to 
thickness O;f th"-... 

7 characterized in that t~film of said low concentration area is 

thinner than a depletion layer formed in a state in which the 

thickness is determi~ed by the impurity concentration in said low 

concentration area when a potential is applied to said gate 

electrode. 

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

8 characterized in that the thickness of the film of said low 

concentration area is equal ta or less than about 500 A. 
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A solid device characterized in that it has a thin film 

transistor according to any one· of claims 1 to 9. 

11. A solid device characterized in that it has a CMOS circuit 

composed of a thin film transistor according to any one of claims 1 

to 9, and a thin film transistor which has a converse electric 

conductivity type from said thin film transistor, and a source area 

and a drain area thereof are formed self-alignedly to a gate 

electrode. 

12. A display device characterized in that· it has a thin film 

transistor according to any orie of claims 1 to 9 as a pixel transistor 

in an active matrix array. 

13. A dfsplay device according to claim 12 characterized in 

that said drain area has an extended area which is formed 

si~ultaneously with its com~onen~ part and which is to form a 

il:~rii';n 7:,:~~~~n~~ween it and a scanning line in an c;;::t"stage. 

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

in that in a drive circuit ~ formed on the same~ together with 

said active matrix array, a CMOS circuit thereof has a thin film 

transistor having the same non-self-aligned structure as said thin 

fi.lm transistor, and a thin film transistor whose electric 

conductivity type is converse from that of the thin film transistor 

and which is formed self-alignedly ta a gate electrode. 
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15. A display device according to claim 12 or 13 characterized 
s"'bstra-fe 

in that in a drive circuit ~t farmed an the same -ba:se 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 

trarisistar farmed self-alignedly ta· a gate electrode. 

16. A display device according ta claim 14 or 15 characterized 
51.\DSTY'a Tte 

in that of thin film transistors farmed an said~. the thickness 

of a film of a source area and a drain area of said self-aligned thin 
-thickness o t}J-e 

film transistor is equal ta that a a:. film of said law concentration 

area of said non-self-aligned 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 
:.l.O 

about 1 x 10~cm- 3 , while said low concentration area of said nan-

self-aligned thin film transistor has an impurity concentration of 
lJ:) 

under about 1x10g:fi cm - 3 

18. A manufacturing method of a thin film transistor according 

to claim 1 charcterized in that a process in which said low 
S1Abrtmf-e.. 

concentration area is farmed on the surface of said b:c:c;:e is performed 

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

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

said low concentration area so that the crystallization treatment 

applided on said silicon film after impurities are {':{~a,j//:t'to the 

inside of said silicon film also activates the impurities. 

20. A manufacturing method of a thin film transistor according 
. 

ta claim 18 characterized in that said crystallization treatment is a 

laser annealing method in which a laser beam is irradiated to said 

si1 icon film to cry.stall ize the film, and to 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 treatm~nt is a 

solid phase crystallization method in which said silicon film is 

annealed in a low temperature for a long time to crystallize the film, 

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

22. A manufacturing method of a thin film transistor according 

ta claim 18 characterized in that said crystallization treatment is a 

rapid thermal annealing method in which said silicon.film· is lamp 

annealed ta crystallize the film, and to activate the impurities 

inside the film at the same time. 
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