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(57) ABSTRACT 

In order to realize a semiconductor device of enhanced TFT 
characteristics, a semiconductor thin ?lm is selectively irra 
diated With a laser beam at the step of crystalliZing the 
semiconductor thin ?lm by the irradiation With the laser 
beam. By Way of example, only driver regions (103 in FIG. 
1) are irradiated With the laser beam in a method of fabri 
cating a display device of active matrix type. Thus, it is 
permitted to obtain the display device (such as liquid crystal 
display device or EL display device) of high reliability as 
comprises the driver regions (103) made of crystalline 
semiconductor ?lms, and a pixel region (102) made of an 
amorphous semiconductor ?lm. 
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SEMICONDUCTOR DEVICE, AND METHOD OF 
FORMING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention Signature 

[0002] The present invention relates to a semiconductor 
device having a circuit Which is con?gured of thin ?lm 
transistors (hereinbeloW, often abbreviated to “TFTs”). By 
Way of example, it relates to the constructions of an elec 
trooptic device Which is typi?ed by a liquid crystal display 
panel, and an electronic equipment in Which such an elec 
trooptic device is installed as a component. 

[0003] Incidentally, here in this speci?cation, the expres 
sion semiconductor devices is intended to signify general 
devices Which can function by utiliZing semiconductor prop 
erties, and it shall cover all of electrooptic devices, semi 
conductor circuits and electronic equipment Within its cat 
egory. 

[0004] 2. Description of the Related Art 

[0005] In recent years, notice has been taken of technology 
Wherein thin ?lm transistors (TFTs) are constructed using a 
semiconductor thin ?lm (several to a feW hundred [nm] 
thick) Which is formed on a substrate having an insulating 
surface. The TFTs are extensively applied to ICs (integrated 
circuits) and electronic devices such as electrooptic devices, 
and it is especially hurried to develop them as the switching 
elements of an image display device. 

[0006] In, for example, a liquid crystal display device, 
attempts have been made to apply TFTs to all sorts of 
electric circuits such as a pixel unit in Which pixels arrayed 
in the shape of a matrix are individually controlled, a driver 
circuit Which controls the pixel unit, and a logic circuit 
(including a processor circuit, a memory circuit, etc.) Which 
processes data signals fed from outside. 

[0007] Besides, there has been knoWn a construction (sys 
tem-on-panel) in Which the above circuits (pixel unit, driver 
circuit, etc.) are packaged on a single substrate. In the pixel 
unit, the pixel plays the role of retaining information sent 
from the driver circuit. Herein, unless the OFF current of the 
TFT connected to the pixel is sufficiently small, the infor 
mation cannot be retained, and a good display cannot be 
presented. 

[0008] On the other hand, in the driver circuit, a high 
mobility is required of the TFTs. As the mobility is higher, 
the structure of this circuit can be simpli?ed more, and the 
display device can be operated at a higher speed. 

[0009] As stated above, the TFTs arranged in the driver 
circuit and those arranged in the pixel unit are different in the 
required properties. More speci?cally, the TFTs arranged in 
the pixel unit need not have a very high mobility, but their 
requisites are that the OFF current is small and that the value 
thereof is uniform throughout the pixel unit. In contrast, the 
TFTs of the driver circuit located around the pixel unit take 
preference of the mobility over the OFF current, and their 
requisite is that the mobility is high. 

[0010] It has been dif?cult, hoWever, to manufacture the 
TFTs of the preferential mobility and the TFTs of the small 
OFF current on an identical substrate at a high productivity 
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and Without spoiling their reliabilities, by employing a 
fabricating method in the prior art. 

SUMMARY OF THE INVENTION 

[0011] As understood from the foregoing, a quite neW 
construction having hitherto been nonexistent is required in 
order to incarnate a system-on-panel Which has a built-in 
logic circuit. 

[0012] In compliance With such a requirement, the present 
invention has for its object to provide an electrooptic device 
represented by AM-LCD (Active-Matrix Liquid Crystal 
Display), the respective circuits of Which are formed using 
TFTs of appropriate structures in accordance With their 
functions, and Which is accordingly endoWed With a high 
reliability. 
[0013] The construction of the present invention disclosed 
in this speci?cation consists in a semiconductor device 
having a driver circuit and a pixel unit Which are formed on 
an identical substrate, characteriZed in: 

[0014] that a channel forming region of at least one 
TFT (thin ?lm transistor) included in said driver 
circuit is made of a crystalline semiconductor ?lm; 
and 

[0015] that a channel forming region of a TFT 
included in said pixel unit is made of an amorphous 
semiconductor ?lm. 

[0016] Besides, in the above construction, the semicon 
ductor device is characteriZed in that said channel forming 
region of said at least one TFT included in said driver circuit 
is formed via a processing step of irradiation With a laser 
beam or an intense light beam similar thereto. 

[0017] Also, in the above construction, the semiconductor 
device is characteriZed in that the channel forming regions 
of said at least one TFT included in said driver circuit and 
said TFT included in said pixel unit are made of a semi 
conductor ?lm Which is formed by sputtering. 

[0018] Further, in the above construction, the semicon 
ductor device is characteriZed in that gate insulating ?lms of 
said at least one TFT included in said driver circuit and said 
TFT included in said pixel unit are made of an insulating 
?lm Which is formed by sputtering. 

[0019] Still further, in the above construction, the semi 
conductor device is characteriZed in that said crystalline 
semiconductor ?lm is of polysilicon, While said amorphous 
semiconductor ?lm is of amorphous silicon. 

[0020] Yet further, in the above construction, the semi 
conductor device is characteriZed by being a display device 
of active matrix type, for example, an EL (electrolumines 
cent) display device or a liquid crystal display device. 

[0021] In addition, the construction of the present inven 
tion for realiZing the above structure consists in: 

[0022] a method of fabricating a semiconductor 
device having a driver circuit and a pixel unit Which 
are formed on an identical substrate, characteriZed 
by comprising: 

[0023] the ?rst step of forming an amorphous semi 
conductor ?lm on an insulating surface of said 

substrate; 
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[0024] the second step of irradiating a selected part of 
said amorphous semiconductor ?lm With either of a 
laser beam and an intense light beam similar thereto, 
thereby to turn the part of said amorphous semicon 
ductor ?lm into a crystalline semiconductor ?lm; 

[0025] the third step of patterning said crystalline 
semiconductor ?lm, thereby to form a semiconductor 
layer of said driver circuit, and also patterning the 
resulting amorphous semiconductor ?lm, thereby to 
form a semiconductor layer of said piXel unit; 

[0026] the fourth step of forming an insulating ?lm 
on the semiconductor layers; and 

[0027] the ?fth step of forming gate electrodes on 
said insulating ?lm. 

[0028] Besides, in the above construction, the fabricating 
method is characteriZed in that said fourth step is imple 
mented by sputtering. 

[0029] Another construction of the present invention con 
sists in: 

[0030] a method of fabricating a semiconductor 
device having a driver circuit and a piXel unit Which 
are formed on an identical substrate, characteriZed 
by comprising: 

[0031] the ?rst step of forming an amorphous semi 
conductor ?lm on an insulating surface of said 

substrate; 

[0032] the second step of forming an insulating ?lm 
on said amorphous semiconductor ?lm; 

[0033] the third step of irradiating a selected part of 
said amorphous semiconductor ?lm With either of a 
laser beam and an intense light beam similar thereto 
through said insulating ?lm, thereby to turn the part 
of said amorphous semiconductor ?lm into a crys 
talline semiconductor ?lm; 

[0034] the fourth step of patterning said crystalline 
semiconductor ?lm, thereby to form a semiconductor 
layer of said driver circuit, and also patterning the 
resulting amorphous semiconductor ?lm, thereby to 
form a semiconductor layer of said piXel unit; and 

[0035] the ?fth step of forming gate electrodes on 
said insulating ?lm. 

[0036] Besides, in the above construction concerning the 
fabrication, the fabricating method is characteriZed in that 
said second step is implemented by sputtering. 

[0037] Also, in each of the above constructions concern 
ing the fabrication, the fabricating method is characteriZed in 
that said ?rst step is implemented by sputtering. 

[0038] Still another construction of the present invention 
consists in: 

[0039] a method of fabricating a semiconductor 
device having a driver circuit and a piXel unit Which 
are formed on an identical substrate, characteriZed 
by comprising: 

[0040] the ?rst step of forming gate electrodes on an 
insulating surface of said substrate; 
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[0041] the second step of forming an insulating ?lm 
on said gate electrodes; 

[0042] the third step of forming an amorphous semi 
conductor ?lm on said insulating ?lm; 

[0043] the fourth step of irradiating a selected part of 
said amorphous semiconductor ?lm With either of a 
laser beam and an intense light beam similar thereto, 
thereby to turn the part of said amorphous semicon 
ductor ?lm into a crystalline semiconductor ?lm; and 

[0044] the ?fth step of patterning said crystalline 
semiconductor ?lm, thereby to form a semiconductor 
layer of said driver circuit, and also patterning the 
resulting amorphous semiconductor ?lm, thereby to 
form a semiconductor layer of said piXel unit. 

[0045] Besides, in each of the constructions concerning 
the fabrication, the fabricating method is characteriZed by 
comprising after said ?fth step: 

[0046] the siXth step of doping selected regions to 
become source and drain regions, With elements 
Which belong to the 15th Group and 13th Group of 
elements; and 

[0047] the seventh step of activating said elements 
Which belong to said 15th Group and 13th Group, 
and With Which the semiconductor layers have been 
doped. 

[0048] Also, in each of the constructions concerning the 
fabrication, the fabricating method is characteriZed in that 
said semiconductor device is a liquid crystal display device. 

[0049] Further, in each of the constructions concerning the 
fabrication, the fabricating method is characteriZed by com 
prising after said seventh step of activating said elements: 

[0050] the eighth step of forming an interlayer insu 
lating ?lm over the active layers; 

[0051] the ninth step of forming a piXel electrode on 
said interlayer insulating ?lm; 

[0052] the tenth step of forming an EL layer on said 
piXel electrode; and 

[0053] the eleventh step of forming either of a cath 
ode and an anode on said EL layer. 

[0054] Still further, in each of the above constructions 
concerning the fabrication, the fabricating method is char 
acteriZed in that said semiconductor device is an EL display 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] FIG. 1 is an optical arrangement diagram shoWing 
a laser irradiation method in the present invention; 

[0056] FIGS. 2(A) thru 2(D) are sectional vieWs shoWing 
the steps of a process for fabricating an AM-LCD (active 
matriX liquid crystal display); 

[0057] FIGS. 3(A) thru 3(D) are sectional vieWs shoWing 
the steps of the process for fabricating the AM-LCD; 

[0058] FIGS. 4(A) thru 4(C) are sectional vieWs shoWing 
the steps of the process for fabricating the AM-LCD; 
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[0059] FIGS. 5(A) and 5(B) are a block diagram showing 
the circuit arrangement of the AM-LCD, and a top plan vieW 
showing a pixel unit in the AM-LCD, respectively; 

[0060] FIG. 6 is an optical arrangement diagram shoWing 
a laser irradiation method in the present invention; 

[0061] FIGS. 7(A) thru 7(C) are sectional vieWs shoWing 
the steps of a process for fabricating an AM-LCD; 

[0062] FIGS. 8(A) thru 8(D) are sectional vieWs shoWing 
the steps of the process for fabricating the AM-LCD; 

[0063] FIGS. 9(A) thru 9(C) are sectional vieWs shoWing 
the steps of the process for fabricating the AM-LCD; 

[0064] FIGS. 10(A) and 10(B) are top plan vieWs each 
shoWing a CMOS (complementary metal-oXide-semicon 
ductor transistor) circuit; 

[0065] FIG. 11 is a perspective vieW shoWing the eXternal 
appearance of an AM-LCD; 

[0066] FIG. 12 is a circuit diagram shoWing an active 
matriX type EL (electroluminescent) display device; 

[0067] FIGS. 13(A) and 13(B) are a top plan vieW and a 
sectional vieW shoWing the active matriX type EL display 
device, respectively; 

[0068] FIGS. 14(A) thru 14(F) are schematic vieWs each 
shoWing an eXample of electronic equipment; and 

[0069] FIGS. 15(A) thru 15(C) are schematic vieWs each 
shoWing an eXample of electronic equipment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0070] The aspects of performance of the present inven 
tion Will be described beloW. It features the present invention 
that an amorphous semiconductor ?lm and a crystalline 
semiconductor ?lm are separately employed as the active 
layers of the TFTs of those circuits of an electrooptic device, 
represented by AM-LCD (Active-Matrix Liquid Crystal 
Display) or EL (electroluminescent) display device, Which 
are formed on an identical substrate, in accordance With the 
functions of the circuits. By Way of eXample, in the elec 
trooptic device represented by the AM-LCD or the EL 
display device, it is the feature of the present invention that 
the amorphous semiconductor ?lm (such as amorphous 
silicon ?lm) is used as the active layers of the TFTs arranged 
in a piXel unit, Whereas the crystalline semiconductor ?lm 
(such as polysilicon ?lm or polycrystalline silicon ?lm) is 
utiliZed as the active layers of the TFTs arranged in an 
electric circuit required to be capable of operating at high 
speed, such as driver circuit or logic circuit. 

[0071] For the purpose of incarnating the above construc 
tion, the amorphous semiconductor ?lm needs to be selec 
tively crystalliZed into the crystalline semiconductor ?lm on 
the identical substrate. Such a method of forming the crys 
talline semiconductor ?lm is also the feature of the present 
invention. 

[0072] An eXample of the forming method according to 
the present invention Will be described With reference to 
FIG. 1. This ?gure is a schematic diagram shoWing the 
eXample in the case Where only the amorphous semicon 
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ductor ?lm of each driver circuit 103 formed on a substrate 
101 are irradiated With the beam of a pulsed laser such as 
eXcimer laser. 

[0073] Referring to FIG. 1, the substrate 101 is a refrac 
tory one, Which may be a glass substrate, a quartZ substrate, 
a silicon substrate, a ceramics substrate, or a metal substrate 
(typically, stainless steel substrate). In case of employing 
any of the substrates, a base ?lm (preferably, an insulating 
?lm Whose main component is silicon) may Well be pro 
vided if necessary. Although not shoWn, an amorphous 
semiconductor ?lm formed by sputtering is provided on the 
substrate 101. Accordingly, de?nite boundaries cannot be 
actually seen With the eye at this stage, but a piXel unit 102 
and the driver circuits 103 to be formed later are illustrated 
for the sake of convenience. 

[0074] The laser beam emitted from the eXcimer-laser 
light source 105 has its beam shape, energy density, etc. 
regulated by an optical system (beam homogeniZers 106, a 
mirror 107, etc.), thereby to de?ne a laser spot 108. Besides, 
an X-Y stage 104 to Which the substrate 101 is ?Xed is 
moved in an X-direction or a Y-direction, Whereby only the 
amorphous semiconductor ?lm of each driver circuit 103 is 
irradiated With the laser spot 108 in the laser spot scanning 
direction 109. HoWever, a person Who controls the fabricat 
ing method should properly determine the conditions of the 
laser beam, etc. (the irradiating intensity of the laser beam, 
the pulse Width thereof, the pulse repetition frequency 
thereof, the time period of the irradiation, the temperature of 
the substrate, the moving speed of the stage, the overlap ratio 
of scanned areas, etc.) in consideration of the thickness of 
the amorphous semiconductor ?lm, etc. Here, in a case 
Where the laser beam has leaked to irradiate the piXel unit 
102, dispersion arises in the characteristics of the TFTs. It is 
therefore important to arrange the optical system so that the 
laser beam may not leak. In addition, the spacing X betWeen 
the driver circuit 103 and the piXel unit 102 needs to be 
properly set. 

[0075] When the laser irradiation method illustrated in 
FIG. 1 is employed, it is permitted to irradiate only the 
driver circuits 103 With the laser beam, and the selected parts 
of the amorphous silicon ?lm can be crystalliZed. 

[0076] Besides, apart from the pulsed laser such as eXci 
mer laser, a continuous Wave laser such as argon laser, a 
continuous-emission eXcimer laser, or the like can be 
employed as the light source of the laser beam. 

[0077] It is also alloWed to employ a process in Which the 
irradiation With the laser beam is implemented after the 
formation of an insulating ?lm on the amorphous semicon 
ductor ?lm. 

[0078] FIG. 6 illustrates an eXample in the case Where the 
amorphous semiconductor ?lm of each driver circuit 603 is 
irradiated With the beam of a continuous Wave laser such as 
argon laser 605. Referring to the ?gure, numeral 601 des 
ignates a substrate, numeral 606 a beam eXpander, numeral 
607 a galvanometer, and numeral 604 a one-aXis operation 
stage. Although not shoWn, an amorphous semiconductor 
?lm based on sputtering is provided on the substrate 601. 

[0079] The laser beam emitted from the argon-laser light 
source 605 has its beam shape, energy density, etc. regulated 
by an optical system (the beam expander 606, the galva 
nometer 607, an f-0(?yeye) lens 608, etc.), thereby to de?ne 
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a laser spot 609. Besides, the laser spot 609 is vibrated in 
directions parallel to a laser spot scanning direction 610 by 
vibrating the galvanometer 607, While at the same time, the 
one-axis operation stage 604 to Which the substrate 601 is 
?xed is moved step by step (the interval of the steps being 
nearly equal to the diameter of the laser spot 609) in one 
direction (the operating direction 611 of the one-axis opera 
tion stage 604). Thus, only the amorphous semiconductor 
?lm of each driver circuit 603 is crystalliZed. As in the case 
of the laser irradiation method illustrated in FIG. 1, it is 
important to arrange the optical system so that the laser 
beam may not leak to irradiate a pixel unit 602. 

[0080] When the laser irradiation method illustrated in 
FIG. 6 is employed, it is permitted to irradiate only the 
driver circuits 603 With the laser beam, and the selected parts 
of the amorphous silicon ?lm can be crystalliZed, in the 
same manner as in the laser irradiation method illustrated in 
FIG. 1. 

[0081] In addition to the construction of FIG. 1 or FIG. 6, 
a resist mask based on an ordinary photolithographic process 
may Well be formed on the substrate so as to prevent the 
laser beam from leaking and irradiating the pixel unit. 
Alternatively, a photo-mask may Well be employed. 

[0082] Besides, although the example of de?ning the laser 
spot has been mentioned in FIG. 1 or FIG. 6, the present 
invention is not especially restricted thereto. It is also 
alloWed to adopt a construction in Which the selected parts 
of the amorphous semiconductor ?lm are irradiated With a 
linear laser beam by using a mask. Alternatively, a large-area 
spot laser represented by “Sopra” may Well be Worked into 
the siZe of each driver circuit so as to implement a process 
for crystalliZing all the amorphous semiconductor region of 
the driver circuit at once. 

[0083] ShoWn in FIG. 4(C) is the sectional vieW of an 
AM-LCD in Which driver circuits and a pixel unit are 
unitarily formed on an identical substrate by utiliZing the 
laser-beam irradiation method of the present invention. By 
the Way, a CMOS (complementary metal-oxide-semicon 
ductor transistor) circuit is illustrated here as a basic circuit 
constituting each driver circuit, and a TFT of double-gate 
structure as the TFT of the pixel unit. Of course, the 
double-gate structure is not restrictive at all, but it may Well 
be replaced With any of a triple-gate structure, a single-gate 
structure, etc. 

[0084] Numeral 202 designates a silicon oxide ?lm Which 
is provided as a base ?lm, and Which is overlaid With the 
active layers of the TFTs of the driver circuit, the active layer 
of the TFT of the pixel unit, and a semiconductor layer to 
serve as the loWer electrode of a retention capacitance. Here 
in this speci?cation, an expression “electrode” signi?es a 
portion Which is part of a “Wiring line” and at Which the 
Wiring line is electrically connected With another Wiring 
line, or a portion at Which the Wiring line intersects With a 
semiconductor layer. Accordingly, although the expressions 
“Wiring line” and ‘electrode’ Will be separately used for the 
sake of convenience, the Word “electrode” shall be alWays 
implied in the expression “Wiring line”. 

[0085] Referring to FIG. 4(C), the active layers of the. 
TFTs of the driver circuit include the source region 221, 
drain region 220, LDD (lightly-doped drain) regions 228 
and channel forming region 209 of the N-channel TFT 
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(hereinbeloW, shortly termed “NTFT”), and the source 
region 215, drain region 216 and channel forming region 
217 of the P-channel TFT (hereinbeloW, shortly termed 
“PTFT”). 
[0086] Besides, the active layer of the TFT (as Which an 
NTFT is employed here) of the pixel unit includes the source 
region 222, drain region 224, LDD regions 229 and channel 
forming regions 212 thereof. Further, a semiconductor layer 
extended from the drain region 224 is used as the loWer 
electrode 226 of the retention capacitance. 

[0087] Incidentally, although the loWer electrode 226 is 
directly connected With the drain region 224 of the TFT of 
the pixel unit in the case of FIG. 4(C), the loWer electrode 
226 and the drain region 224 may Well be indirectly con 
nected into a structure in Which they lie in electrical con 
nection. 

[0088] The semiconductor layer as the loWer electrode 226 
is doped With an element Which belongs to the 15th Group 
of elements. That is, even When any voltage is not applied 
to the upper Wiring line 206f of the retention capacitance, the 
loWer electrode 226 can be directly used as such. Therefore, 
the doping With the element is effective for diminishing the 
poWer consumption of the AM-LCD. 

[0089] Besides, it is one of the features of the present 
invention that the channel forming regions 212 of the TFT 
of the pixel unit are semiconductor ?lms in an amorphous 
state, Whereas the channel forming regions 209, 217 of the 
TFTs of the driver circuit are crystalline semiconductor ?lms 
having crystallinity. 
[0090] It is also one of the features of the present invention 
that the channel forming regions 209, 212, 217 of the 
respective TFTs are semiconductor ?lms Which are formed 
by sputtering, and Whose hydrogen concentrations are loW. 
The semiconductor ?lm formed by the sputtering exhibits 
the hydrogen concentration Which is at least one order loWer 
as compared With that of a semiconductor ?lm formed by 
plasma CVD (chemical vapor deposition). Accordingly, the 
?lm formed by the sputtering can be folloWed by laser 
crystalliZation Without performing a dehydrogenating treat 
ment. In contrast, a process employing the plasma CVD has 
been demeritorious from the vieWpoint of the safety of a job 
environment because of being highly liable to explosion. 
The present invention features that thin ?lms, such as 
amorphous semiconductor ?lms (amorphous silicon ?lms, 
etc.), insulating ?lms and conductor layers, are formed by 
the sputtering in order to take preference of the safety and 
productivity of fabrication. More preferably, the ?lms are 
consecutively formed to the utmost in order to prevent them 
from being contaminated due to the atmospheric air. 

[0091] Here, the gate insulating ?lms of the respective 
TFTs are formed of an identical insulating ?lm 205 of 
uniform thickness, but this is not especially restrictive. By 
Way of example, at least tWo sorts of TFTs Whose gate 
insulating ?lms are formed of different insulating ?lms may 
Well exist on an identical substrate in accordance With circuit 
characteristics. Incidentally, When the semiconductor ?lm 
and the gate insulating ?lm are consecutively formed using 
the sputtering, favorably a good interface is obtained 
betWeen them. 

[0092] Subsequently, the gate Wiring line 206d of the TFT 
of the driver circuit and the gate Wiring line 2066 of the TFT 
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of the pixel unit are formed on the gate insulating ?lm 205. 
Simultaneously, the upper electrode 206f of the retention 
capacitance is formed over the loWer electrode 226 thereof 
through the gate insulating ?lm 205. 

[0093] The materials of the Wiring lines in the present 
invention typically include conductive silicon ?lms (for 
example, a phosphorus-doped silicon ?lm and a boron 
doped silicon ?lm), and metal ?lms (for example, a tungsten 
?lm, a tantalum ?lm, a molybdenum ?lm, a titanium ?lm, an 
aluminum ?lm and a copper ?lm). They may Well be silicide 
?lms produced by silicifying the metal ?lms, and nitride 
?lms produced by nitrifying the metal ?lms (a tantalum 
nitride ?lm, a tungsten nitride ?lm, a titanium nitride ?lm, 
etc.). Moreover, the materials may Well be combined and 
stacked at Will. 

[0094] Besides, in the case of employing any of the metal 
?lms, a structure in Which the metal ?lm is stacked With a 
silicon ?lm is desirable for the purpose of preventing the 
oxidation of the metal ?lm. In addition, a structure in Which 
the metal ?lm is covered With a silicon nitride ?lm is 
effective in the sense of the prevention of the oxidation. 

[0095] Next, numeral 230 indicates a ?rst interlayer insu 
lating ?lm, Which is formed of an insulating ?lm (single 
layer or stacked layer) containing silicon. Any of a silicon 
oxide ?lm, a silicon nitride ?lm, an oxidiZed silicon nitride 
?lm (Which contains nitrogen more than oxygen), and a 
nitri?ed silicon oxide ?lm (Which contains oxygen more 
than nitrogen) can be used as the insulating ?lm Which 
contains the element silicon. 

[0096] Besides, the ?rst interlayer insulating ?lm 230 is 
provided With contact holes so as to form the source Wiring 
lines 231, 233 and drain Wiring line 232 of the TFTs of the 
driver circuit and the source Wiring line 234 and drain Wiring 
line 235 of the TFT of the pixel unit. Apassivation ?lm 236 
and a second interlayer insulating ?lm 237 are formed on the 
?rst interlayer insulating ?lm 230 as Well as the Wiring lines 
231-235. After the ?lms 236, 237 have been provided With 
a contact hole, a pixel electrode 238 is formed. 

[0097] Incidentally, a black mask (light shield ?lm) is not 
formed in the example of FIG. 4(C). HoWever, this is not 
especially restrictive, but the black mask may be formed as 
is needed. It is also alloWed to employ, for example, a 
construction in Which a counter substrate is provided With a 
light shield ?lm, or a construction in Which each TFT is 
underlaid or overlaid With a light shield ?lm made of the 
same material as that of the gate Wiring line. 

[0098] Aresin ?lm of loW relative permittivity is favorable 
as the second interlayer insulating ?lm 237. Usable as the 
resin ?lm is a polyimide ?lm, an acrylic resin ?lm, a 
polyamide ?lm, a BCB (benZocyclobutene) ?lm, or the like. 

[0099] In addition, a transparent conductive ?lm repre 
sented by an ITO (indium tin oxide) ?lm may be used as the 
pixel electrode 238 in case of fabricating a transmission type 
AM-LCD, While a metal ?lm of high re?ectivity represented 
by an aluminum ?lm may be used in case of fabricating a 
re?ection type AM-LCD. 

[0100] By the Way, although the pixel electrode 238 is 
electrically connected With the drain region 224 of the TFT 
of the pixel unit through the drain electrode 235 in the 
structure of FIG. 4(C), this structure may Well be replaced 
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With a structure in Which the pixel electrode 238 and the 
drain region 224 are directly connected. 

[0101] The AM-LCD having the construction as described 
above features a high drivability, a high reliability and a high 
productivity on the ground that the respective circuits are 
formed of the TFTs of appropriate structures in accordance 
With their functions. 

[0102] The present invention constructed as explained 
above Will be described in more detail in conjunction With 
examples beloW. 

EMBODIMENTS 

Embodiment 1 

[0103] In this embodiment, there Will be described a 
fabricating process for realiZing the structure of FIG. 4(C) 
detailed as one aspect of performance of the present inven 
tion before. Reference Will be had to FIGS. 2(A)~2(D), 
FIGS. 3(A)~3(D) and FIGS. 4(A)~4(C). 

[0104] First, a glass substrate 201 is prepared as a starting 
substrate. Asilicon oxide ?lm (also called a abase ?lms) 202 
being 200 [nm] thick, and an amorphous silicon ?lm 203a 
being 55 [nm] thick are formed on the glass substrate 201 by 
sputtering them consecutively Without exposing the sub 
strate to the atmospheric air (FIG. 2(A)). Thus, boron and 
the like impurities contained in the atmospheric air can be 
prevented from adsorbing onto the loWer surface of the 
amorphous silicon ?lm 203a. 

[0105] By the Way, although the amorphous silicon ?lm 
Was used as an amorphous semiconductor ?lm in an 

example of this embodiment, another semiconductor ?lm 
may Well be used. An amorphous silicon germanium ?lm 
may Well be employed. In addition, any of PCVD (plasma 
assisted chemical vapor deposition), LPCVD (loW-pressure 
chemical vapor deposition), sputtering, etc. can be employed 
as an expedient for forming the base ?lm and the semicon 
ductor ?lm. Among them, the sputtering is desirable because 
it is excellent in the points of safety and productivity. A 
sputtering apparatus used in this embodiment includes a 
chamber, an evacuation system for bringing the interior of 
the chamber into a vacuum, a gas introduction system for 
introducing a sputtering gas into the chamber, an electrode 
system con?gured of a target, an RF (radio frequency) 
electrode, etc., and a sputtering poWer source connected to 
the electrode system. In the example of this embodiment, 
argon Was used as the sputtering gas, and a silicon 
target as the target. 

[0106] Since, in this embodiment, the channel forming 
region of the TFT of a pixel unit is to be made of the 
amorphous silicon ?lm (the ?eld effect mobility MFE of the 
NTFT made from the amorphous silicon ?lm is loWer than 
1.0 [cm2/Vs]), the channel length of the TFT and the 
thickness of the amorphous silicon ?lm need to be set at 
appropriate values. 

[0107] Subsequently, the part 204a of the amorphous 
silicon ?lm 203a is crystalliZed. AknoWn technique, such as 
laser crystalliZation or thermal crystalliZation employing a 
catalyst element, is used as an expedient for the crystalli 
Zation. In the example of this embodiment, the laser crys 
talliZation Was implemented in conformity With the laser 
irradiation method schematically illustrated in FIG. 1. A 






















