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(57) ABSTRACT 

To provide a manufacturing method of a highly reliable TFT, 
by Which a more re?ned pattern can be formed through a 
process using four or three masks, and a semiconductor 
device. A channel-etched bottom gate TFT structure is 
adopted in Which a photoresist is selectively exposed to light 
by rear surface exposure utilizing a gate Wiring to form a 
desirably patterned photoresist, and further, a halftone mask 
or a gray-tone mask is used as a multi-tone mask. Further, a 
step of lifting off using a halftone mask or a gray-tone mask 
and a step of re?oWing a photoresist are used. 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a method for manu 
facturing semiconductor devices, in particular, a method for 
manufacturing active matrix display devices. 
[0003] 2. Description of the Related Art 
[0004] Heretofore, liquid crystal display devices utilizing, 
as switching elements, TFTs each formed using amorphous 
silicon have been often used as display devices Which have 
been Widely used, such as liquid crystal televisions, displays 
of personal computers, and cellular phones. A technique by 
Which a TFT is formed using a semiconductor thin ?lm 
formed over a substrate having an insulating surface has 
attracted attention. The TFT has been Widely applied to elec 
tronic devices such as ICs and electro-optical devices and 
particularly developed as a sWitching element of an image 
display device. 
[0005] For a TFT using amorphous silicon, a layered struc 
ture has been conventionally formed through a photolithog 
raphy process using ?ve or more photomasks. Reduction in 
photolithography process using photomasks has been 
desired. Heretofore, each of Patent Document 1 (Japanese 
Published Patent Application No. 2000-131719) and Patent 
Document 2 (Japanese Published Patent Application No. 
2003-45893) has been known as a technique achieving reduc 
tion in number of steps in a photolithography process using 
photomasks. 
[0006] FIGS. 10A to 10E are structural vieWs illustrating a 
conventional TFT using amorphous silicon. 
[0007] The manufacturing process thereof is described, A 
gate electrode 501 is formed over a glass substrate 500 by a 
photolithography step using a ?rst photomask (FIG. 10A). 
[0008] A gate insulating ?lm 502, an i-type amorphous 
silicon layer 503, and an n+-type amorphous silicon layer 504 
are formed. The i-type amorphous silicon layer 503 and the 
n+-type amorphous silicon layer 504 form an island region by 
a photolithography step using a second photomask (FIG. 
10B). 
[0009] A source electrode 508 and a drain electrode 509 are 
formed by a photolithography step using a third photomask. 
At that time, a photoresist formed by the third photomask is 
successively utiliZed to etch the n+-type amorphous silicon 
layer so that a channel region 505, a source region 506, and a 
drain region 507 are formed. 

[0010] A protective ?lm 510 is formed, and a contact hole 
through Which a contact With a pixel electrode 511 is made is 
formed by a photolithography step using a fourth photomask 
(FIG. 1C). 
[0011] Indium tin oxide (ITO) is formed, and the pixel 
electrode 511 is formed by a photolithography step using a 
?fth photomask (FIGS. 10D and 10E). 
[0012] Photolithography steps using a photomask includes 
application of a photoresist, pre-baking, a step of light expo 
sure using a metal photomask, a step of development, post 
baking, a step of etching, a step of resist separation, and the 
like. In addition, many steps such as a step of cleaning and a 
step of inspection are included in the photolithography steps. 
Thus, performing the conventional process using ?ve photo 
masks means that the steps are repeated ?ve times, Which is a 
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signi?cant factor in the decrease in throughput in the manu 
facturing process or the increase in manufacturing cost. 

SUMMARY OF THE INVENTION 

[0013] Therefore, reduction in number of photomasks 
means reduction in manufacturing time and manufacturing 
cost and thus has been anticipated. In vieW of mass produc 
tion, reduction in number of photomasks has been a major 
object. Further, reduction in number of steps is another object. 
[0014] In order to achieve the above objects, the present 
invention adopts a channel-etched bottom gate TFT structure 
in Which a photoresist is selectively exposed to light by rear 
surface exposure utiliZing a gate Wiring to form a desirably 
patterned photoresist, and further, in Which a halftone mask or 
a gray-tone mask is used as a multi-tone mask. Further, the 
present invention includes a step of lifting off using a halftone 
mask or a gray-tone mask and a step of performing a re?oW 
process on a photoresist. The step of lifting off is a method in 
Which a pattern other than a target pattern is formed of a 
photoresist or the like over a substrate, a target thin ?lm is 
formed, and then an unnecessary portion Which overlaps With 
the photoresist and the photoresist are removed together so 
that the target pattern is left. The re?oW process is a step of 
processing a photoresist over a substrate by heat treatment or 
chemical treatment. By repeating combination of the step of 
lifting off and mask alignment, a thin ?lm of Which thickness 
partially varies or a thin ?lm in Which substances partially 
vary can be patterned. 
[0015] According to an aspect of the present invention, a 
method for manufacturing a semiconductor device includes 
the steps of forming a ?rst conductive ?lm over a substrate; 
etching the ?rst conductive ?lm using a ?rst photoresist to 
form a gate electrode; forming a gate insulating ?lm over the 
gate electrode; forming a ?rst semiconductor layer (eg an 
i-type semiconductor layer) over the gate insulating ?lm; 
forming a second semiconductor layer including the impurity 
element imparting one conductivity type (eg an n+-type 
semiconductor layer) over the ?rst semiconductor layer; per 
forming rear surface exposure to form a second photoresist; 
etching the ?rst semiconductor layer and the second semicon 
ductor layer to form a ?rst semiconductor island and a second 
semiconductor island using the second photoresist; forming a 
second conductive ?lm over the second semiconductor 
island; forming a third photoresist using a multi-tone mask; 
etching the second conductive ?lm, the second semiconduc 
tor island, and the ?rst semiconductor island using the third 
photoresist; ashing the third photoresist; etching the second 
conductive ?lm using the third photoresist having been ashed 
to form a source electrode and a drain electrode; etching the 
second semiconductor island and the ?rst semiconductor 
island using the third photoresist having been ashed to form a 
channel region, a source region, and a drain region; forming 
an insulating ?lm over the source electrode and the drain 
electrode; forming a contact hole in the insulating ?lm using 
a fourth photoresist; forming a conductive ?lm over the insu 
lating ?lm; and etching the conductive ?lm using a ?fth 
photoresist to form a pixel electrode. 
[0016] According to another aspect of the present inven 
tion, a method for manufacturing a semiconductor device 
includes the steps of forming a ?rst conductive ?lm over a 
substrate; etching the ?rst conductive ?lm using a ?rst pho 
toresist to form a gate electrode; forming a gate insulating 
?lm over the gate electrode; forming a ?rst semiconductor 
layer (eg an i-type semiconductor layer) over the gate insu 
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lating ?lm; forming a second semiconductor layer including 
the impurity element imparting one conductivity type (eg an 
n+-type semiconductor layer) over the ?rst semiconductor 
layer; performing rear surface exposure to form a second 
photoresist; etching the ?rst semiconductor layer and the 
second semiconductor layer to form a ?rst semiconductor 
island and a second semiconductor island using the second 
photoresist; forming a second conductive ?lm over the sec 
ond semiconductor layer; forming a third photoresist using a 
?rst multi-tone mask; etching the second conductive ?lm, the 
second semiconductor layer, and the ?rst semiconductor 
layer using the third photoresist; ashing the third photoresist; 
etching the second conductive ?lm using the third photoresist 
having been ashed to form a source electrode and a drain 
electrode; etching the second semiconductor layer and the 
?rst semiconductor layer using the third photoresist having 
been ashed to form a channel region, a source region, and a 
drain region; forming a fourth photoresist using a second 
multi-tone mask; forming a contact hole in the gate insulating 
?lm using the fourth photoresist; ashing the fourth photore 
sist; forming a conductive ?lm over the fourth photoresist 
having been ashed; removing the fourth photoresist having 
been ashed and the conductive ?lm formed over the fourth 
photoresist together to form a pixel electrode; forming an 
insulating ?lm over the pixel electrode; performing rear sur 
face exposure to form a ?fth photoresist over the insulating 
?lm; performing a re?oW process on the ?fth photoresist; and 
etching the insulating ?lm using the ?fth photoresist having 
been subjected to the re?oW process. 
[0017] OWing to the advantageous effect of the present 
invention, Whereas a conventional amorphous silicon TFT is 
manufactured using ?ve photomasks, a TFT can be manufac 
tured using four or three photomasks and thus manufacturing 
time and cost can be reduced. Further, since rear surface 
exposure is performed, a self-aligning step is performed and 
thus a step of aligning the photomask is not required. In the 
self-aligning step, it doesn’t occur that the photomask is out 
of position; therefore, a margin for misalignment is not 
required and a more re?ned pattern can be formed. Further, a 
channel region is protected from light from external by a gate 
electrode, so that an increase of a leakage current When the 
TFT is off can be suppressed. 
[0018] Further, by adopting a re?oW process, the TFT is 
entirely covered With an insulating ?lm and thus reliability of 
elements can be improved. That is, an end portion of a source 
electrode can be surely covered so that a TFT can be pre 
vented from being contaminated. An i-type amorphous sili 
con layer, an n+-type amorphous silicon layer, a source metal, 
and a drain metal are etched all at once by the conventional 
halftone technique. Therefore, the i-type amorphous silicon 
layer is connected betWeen the elements. Meanwhile, in the 
present invention, before formation of a source metal and a 
drain metal, only an i-type amorphous silicon layer and an 
n+-type amorphous silicon layer are formed into an island 
region by using a photoresist patterned desirably by rear 
surface exposure; therefore, the i-type amorphous silicon 
layer is cut and thus the elements can be more surely sepa 
rated from each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] In the accompanying draWings: 
[0020] FIGS. 1A to IE are cross-sectional vieWs illustrat 
ing a method for manufacturing a semiconductor device of 
the present invention; 
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[0021] FIGS. 2A to 2D are cross-sectional vieWs illustrat 
ing a method for manufacturing a semiconductor device of 
the present invention; 
[0022] FIGS. 3A to 3C are cross-sectional vieWs illustrat 
ing a method for manufacturing a semiconductor device of 
the present invention; 
[0023] FIG. 4 is a cross-sectional vieW illustrating a method 
for manufacturing a semiconductor device of the present 
invention; 
[0024] FIGS. 5A and 5B are a top plan vieW and a cross 
sectional vieW illustrating a method for manufacturing a 
semiconductor device of the present invention, respectively; 
[0025] FIGS. 6A to 6E are cross-sectional vieWs illustrat 
ing a method for manufacturing a semiconductor device of 
the present invention; 
[0026] FIGS. 7A to 7D are cross-sectional vieWs illustrat 
ing a method for manufacturing a semiconductor device of 
the present invention; 
[0027] FIGS. 8A to 8C are cross-sectional vieWs illustrat 
ing a method for manufacturing a semiconductor device of 
the present invention; 
[0028] FIGS. 9A to 9D are cross-sectional vieWs each illus 
trating a periphery of a pixel portion of a semiconductor 
device of the present invention; 
[0029] FIGS. 10A to 10E are cross-sectional vieWs illus 
trating a method for manufacturing a conventional semicon 
ductor device; 
[0030] FIGS. 11A to 11C are diagrams each illustrating a 
semiconductor device of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0031] Embodiment modes of the present invention Will be 
described beloW. 
[0032] The present invention relates to a semiconductor 
device manufactured using four or three photomasks to 
reduce the number of steps in the conventional process using 
?ve photomasks and a manufacturing method thereof. 
[0033] FIGS. 1A to IE, FIGS. 2A to 2D, FIGS. 3A to 3C, 
FIG. 4, FIGS. 5A and 5B, FIGS. 6A to 6E, FIGS. 7A to 7D, 
FIGS. 8A to SC, and FIGS. 9A to 9D are vieWs each illus 
trating a manufacturing method of the present invention. 
[0034] In this embodiment mode, a photoresist is selec 
tively exposed to light by rear surface exposure using a gate 
Wiring material as a photomask to obtain a desired pattern so 
that an island region is formed. Further, a channel region, a 
source region, a drain region, a source Wiring, and a drain 
Wiring are formed by a halftone exposure technique. 
Although a halftone exposure technique is used in this 
embodiment mode, a gray tone exposure technique may be 
used. The combination of the features enables the process 
using four photomasks Which is feWer than ?ve photomasks 
used for the conventional process. Further, by using a halftone 
exposure technique, the process using three photomasks 
becomes possible. 

Embodiment Mode l 

[0035] The process using four photomasks of the present 
invention Will be described With reference to FIGS. 1A to IE, 
FIGS. 2A to 2D, and FIGS. 3A to 3C. 
[0036] In FIG. 1A, a metal ?lm is stacked over a glass 
substrate 100 by a sputtering method. The glass substrate is 
alloWable as long as it has a light transmitting property. 
Barium borosilicate glass or aluminoborosilicate glass, 
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Which is typi?ed by the No. 7059 or No. 1737 glass manu 
factured by Corning Inc., may be used. Alternatively, a light 
transmitting substrate such as a quartz substrate or a plastic 
substrate may be used. A ?rst photomask is used to form a 
desired photoresist and then the metal ?lm is etched, so that a 
gate electrode 101 and a gate Wiring are formed. The gate 
electrode 101 and the gate Wiring are desirably formed of a 
loW resistant conductive material such as aluminum (Al) or 
copper (Cu); hoWever, since aluminum alone has disadvan 
tages such as loW heat resistance and a tendency to be cor 
roded, it is used in combination With a material having both 
heat resistance and conductivity to form the gate electrode 
101 and the gate Wiring. Arr AgPdCu alloy may be used as a 
loW resistant conductive material. As a material having both 
heat resistance and conductivity, an element selected from 
titanium (Ti), tantalum (Ta), tungsten (W), molybdenum 
(Mo), chromium (Cr), and neodymium (Nd), an alloy con 
taining any of the above elements as its component, an alloy 
?lm combining any of the above elements, or nitride contain 
ing any of the above elements as its component. The gate 
electrode and the gate Wiring comprise a conductive ?lm 
containing any of the above elements or a layered structure of 
the abovementioned conductive ?lms. For example, a stack of 
titanium and copper or a stack of tantalum nitride and copper 
can be used. In the case Where a loW resistant conductive 
material is used in combination With a material having both 
heat resistance and conductivity such as titanium, silicon, 
chromium, or neodymium, ?atness is improved, Which is 
preferable. Alternatively, only such materials having both 
heat resistance and conductivity, for example, molybdenum 
and tungsten, may be used in combination. 

[0037] In FIG. 1B, an insulating ?lm 102, an i-type amor 
phous silicon layer 103, and an n+-type amorphous silicon 
layer 104 are sequentially formed over the gate electrode 101. 
The insulating ?lm 102 is to form the gate insulating ?lm 102 
later and formed to have, for example, a single-layer structure 
of a silicon nitride ?lm, a silicon oxide ?lm, or a silicon 
oxynitride ?lm or a layered structure of any of the above 
?lms. It is needless to say that the material of the gate insu 
lating ?lm is not limited to the above materials and may have 
a single-layer or layered structure using any other insulating 
?lm such as a tantalum oxide ?lm. The i-type amorphous 
silicon layer 103 and the n+-type amorphous silicon layer 104 
are to form a channel region, a source region, and a drain 
region later. The i-type amorphous silicon layer 103 is a 
non-doped layer Which does not contain an impurity impart 
ing conductivity. The i-type amorphous silicon layer 103 may 
contain a very small amount of impurities. Also, the n+-type 
amorphous silicon layer 104 is a semiconductor ?lm contain 
ing an impurity element imparting one conductivity type, in 
particular, an n-type semiconductor layer containing phos 
phorus at high concentration. The insulating ?lm 102, the 
i-type amorphous silicon layer 103, and the n+-type amor 
phous silicon layer 104 are formed by a CVD method. A 
multi-chamber CVD apparatus enables even successive ?lm 
formation. They are thus formed by not being exposed to the 
air, so that an impurity is prevented from being mixed. 
Although a CVD method is used in this embodiment mode, a 
sputtering method or the like may alternatively be used. 
[0038] In FIG. 1C, a photoresist 121 formed over the 
n+-type amorphous silicon layer 104 is selectively exposed to 
light by rear surface exposure With the metal ?lm of the gate 
electrode 101 and the gate Wiring as a photomask, so that a 
desirable photoresist pattern is formed. By rear surface expo 
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sure, light transmits a thin ?lm and the photoresist 121 is 
exposed to light; therefore, the layers other than the gate 
Wiring 101, that is, the i-type amorphous silicon layer 103 and 
the n+-type amorphous silicon layer 104 are necessarily thin 
enough to be exposed to light. That is to say, light transmits 
the i-type amorphous silicon layer 103 and the n+-type amor 
phous silicon layer 104 to expose the photoresist 121. By 
using the photoresist pattern formed by rear surface exposure, 
the i-type amorphous silicon layer 103 and the n+-type amor 
phous silicon layer 104 are etched to form an i-type amor 
phous silicon island 123 and an n+-type amorphous silicon 
island 124 as shoWn in FIG. 1D. In the case of performing rear 
surface exposure, a self-aligning step is performed and thus a 
step of aligning the photomask is not required, so that etching 
can be performed in a self-aligned manner While the photo 
resist pattern after exposure is not misaligned. 
[0039] In FIG. 1E, a metal ?lm 105 is formed over an entire 
surface of the substrate. The metal ?lm 105 is to form a source 
electrode, a drain electrode, and a source Wiring later. The 
material of the metal ?lm 105 is alloWable as long as it is a 
metal material Which can provide ohmic contact With the 
n+-type amorphous silicon island 124, and an element 
selected from aluminum, chromium, tantalum, and titanium, 
an alloy containing any of the above elements as its compo 
nent, an alloy ?lm combining any of the above elements, and 
the like are given. 

[0040] In FIG. 2A, a photoresist1 is formed using a second 
photomask. For the photoresist 1, a halftone exposure tech 
nique is used. That is, a photoresist of Which thickness varies 
is formed. Parts Which are to form a source electrode, a drain 
electrode, and a source Wiring are formed thick and a part 
Which is to form a channel is formed thin. 

[0041] In FIG. 2B, etching is performed using the photore 
sist 1. Thus, a Wiring 106 is formed. 
[0042] In FIG. 2C, the photoresist 1 is subjected to ashing 
treatment to be processed such that the shape of the photore 
sist 1 is like that ofa photoresist 2 ofFIG. 2C. That is, the part 
of the photoresist, Which has been formed thin, is exposed. 
[0043] In FIG. 2D, the photoresist 2 Which has been pro 
cessed by ashing is used to etch the metal ?lm 105 so that the 
source electrode 110 and the drain electrode 111 are formed. 
Similarly, the photoresist 2 is used to etch the n+-type amor 
phous silicon island 124 and the i-type amorphous silicon 
island 123 so that a channel region 107, a source region 108, 
and a drain region 109 are formed. The i-type amorphous 
silicon layer Which overlaps With the gate electrode 101 With 
the gate insulating ?lm 102 interposed therebetWeen forms a 
channel formation region 107. After that, the photoresist 2 is 
removed by separation. 
[0044] In FIG. 3A, an insulating ?lm is formed over an 
entire surface of the substrate to serve as a protective ?lm 112. 
The insulating ?lm serving as the protective ?lm may be a 
silicon nitride ?lm, a silicon oxide ?lm, or a stack of the ?lms. 
The silicon nitride ?lm is particularly preferred because of 
high passivation performance thereof. 
[0045] In FIG. 3B, an opening of a contact portion, Which 
exposes the drain electrode 111, is formed by a photoresist 3 
formed using a third photomask. 
[0046] In FIG. 3C, ITO is formed over an entire surface of 
the substrate, a desired photoresist is formed using a fourth 
photomask, and a pixel electrode 113 is formed using the 
photoresist. Although ITO is used as a pixel electrode mate 
rial in this embodiment mode, tin oxide, indium oxide, nickel 
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oxide, Zinc oxide, or a compound of any of the above may be 
used as a transparent conductive material, for example. 
[0047] Although the i-type amorphous silicon layer is used 
as a channel region 107 in this embodiment mode, it is also 
possible that a microcrystal semiconductor ?lm (also referred 
to as a semi-amorphous semiconductor ?lm) be formed, a 
buffer layer be formed over the microcrystal semiconductor 
?lm, and an n+-type amorphous silicon layer be formed over 
the buffer layer. The buffer layer may be an amorphous silicon 
layer and preferably contains one or more of nitrogen, hydro 
gen, and halogen. The amorphous silicon layer contains any 
one or more of nitrogen, hydrogen, and halogen, so that a 
crystal grain contained in the microcrystal semiconductor 
?lm can be prevented from being oxidiZed. The buffer layer is 
formed betWeen the source region and the drain region; there 
fore, a TFT has higher mobility, a smaller amount of leakage 
current, and a higher Withstand voltage. 
[0048] FIG. 4 illustrates a TFT in Which a microcrystalline 
semiconductor ?lm 201 and a buffer layer 202 are formed in 
this order as a channel region instead of the i-type amorphous 
silicon layer. By using the microcrystalline semiconductor 
?lm 201 and the buffer layer 202 instead of the i-type amor 
phous silicon layer, the TFT can be formed to have higher 
mobility, a smaller amount of leakage current, and a higher 
Withstand voltage. 
[0049] FIG. 5A illustrates a top plan vieW of the TFT of this 
embodiment mode. Note that the same reference numerals are 
used for the parts corresponding to those in FIGS. 1A to IE, 
FIGS. 2A to 2D, and FIGS. 3A to 3C. FIG. 5B corresponds to 
a cross sectional vieW taken along line A-A' in FIG. 5A. 
[0050] Thus, inverted-staggered n-channel TFTs can be 
completed through the photolithography process using four 
photomasks. Then, they are arranged in matrix corresponding 
to pixels so that a pixel portion is formed, Which can be a 
substrate for fabricating an active matrix electrooptic device. 

Embodiment Mode 2 

[0051] Next, the process using three photomasks of the 
present invention Will be described With reference to FIGS. 
6A to 6E, FIGS. 7A to 7D, and FIGS. 8A to 8C. Description 
Will be made including that of a terminal portion from a step 
using the second photomask, Which requires a halftone expo 
sure technique in FIG. 1E. That is, the step in FIG. 6A folloWs 
the step in FIG. 1E. 
[0052] In FIG. 6A, a photoresist 4 is formed, using the 
second photomask, over a glass substrate 100, a gate elec 
trode 101, a Wiring 311, an insulating ?lm 102, an i-type 
amorphous silicon layer 123, a semiconductor layer includ 
ing an impurity element imparting one conductivity type, 
Which is particularly an n+ amorphous silicon layer 124, and 
a metal layer 105. For the photoresist 4, a halftone exposure 
technique is used. That is, a photoresist of Which thickness 
varies is formed. Parts Which are to form a drain electrode and 
a source Wiring are formed thick and a part Which is to form 
a channel is formed thin. 
[0053] In FIG. 6B, parts of the i-type amorphous silicon 
layer 303, the n+-type amorphous silicon layer 304, and the 
metal ?lm 105, Which are not covered With the photoresist 4, 
are etched. 

[0054] In FIG. 6C, the photoresist 4 is processed by ashing 
to form a photoresist 5. 
[0055] In FIG. 6D, a source electrode 309 and a drain 
electrode 310 are formed using the photoresist 5 processed by 
ashing. Similarly, a channel region 306, a source region 307, 
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and a drain region 308 are formed using the photoresist 5. 
After that, the photoresist 5 is removed. The i-type amor 
phous silicon layer 123 Which overlaps With the gate elec 
trode With the gate insulating ?lm interposed therebetWeen 
forms the channel region 306. 
[0056] In FIG. 6E, a photoresist 6 is formed using a third 
photomask. A halftone exposure technique is also used here. 
Part of the insulating ?lm 102, Which is not covered With the 
photoresist 6, is etched to form a contact hole 321 so that a 
Wiring 311 is exposed. The Wiring 311 may comprise a single 
layer or a layered structure using aluminum (Al), copper 
(Cu), titanium (Ti), tantalum (Ta), tungsten (W), molybde 
num (Mo), chromium (Cr), and neodymium (Nd). This 
exposed part forms a connection portion With a transparent 
conductive ?lm on the terminal portion. 

[0057] In FIG. 7A, the photoresist 6 is processed by ashing 
to form a photoresist 7. 

[0058] In FIG. 7B, a transparent conductive ?lm 312 is 
formed over the photoresist 7. 

[0059] In FIG. 7C, the photoresist 7 and portions of the 
transparent conductive ?lm 312 formed on the photoresist 7 
are removed together by a step of lifting off, so that a pixel 
electrode 313 and a Wiring 320 are formed. After that, a 
protective ?lm 314 is formed over an entire surface of the 
substrate by a CVD method. An insulating ?lm Which serves 
as the protective ?lm may be a silicon nitride ?lm, a silicon 
oxide ?lm, or a stack of them. A silicon nitride ?lm is par 
ticularly preferred because of high passivation performance 
thereof. 

[0060] In FIG. 7D, a photoresist is applied to the protective 
?lm 314 and selectively exposed to light by rear surface 
exposure, so that a desirably patterned photoresist 8 is 
formed. Here, the photoresist 8 is not formed over only trans 
parent ?lms, that is, part including only the transparent con 
ductive ?lm 312 and the insulating ?lm 302 because light is 
transmitted. Since rear surface exposure is performed, it is 
preferable that the gate electrode 301, the source electrode 
309, and the drain electrode 310 suf?ciently overlap With 
each other in the channel region. 
[0061] In FIG. 8A, the photoresist 8 formed by the rear 
surface exposure is subjected to heat treatment as a re?oW 
process. And When seen in section, the photoresist 8 forms a 
photoresist 9 such that an end portion of the photoresist 8 is 
extended slightly outWard. Further, the photoresist 8 is 
reduced in thickness to form the photoresist 9 by the re?oW 
process. Although not illustrated, a range of the photoresist 8, 
Which covers the substrate, is slightly increased When seen 
from the top surface, so that the photoresist 9 is formed. That 
is, the distance betWeen the edge of the photoresist and the 
edge of the source electrode and the distance betWeen the 
edge of the photoresist and the edge of the drain electrode are 
increased. As the re?oW process, chemical treatment may be 
performed instead of heat treatment. 

[0062] In FIG. 8B, the protective ?lm 314 is etched using 
the photoresist 9 formed by slightly extending an end portion 
of the photoresist 8 outWard and thus reducing the photoresist 
8 in thickness, so that the pixel electrode 313 is partly 
exposed. The exposed region forms a pixel region. By the 
re?oW process, the end portion of the photoresist 8 is 
extended slightly outWard. Therefore, the protective ?lm 324 
after etching is extended so that outer sides of the end portions 
of the source electrode and the drain electrode can be pro 
tected. Thus, a TFT or an electrode in a loWer layer can be 



US 2009/0148970 A1 

more surely protected. Further, in a peripheral portion, the 
contact hole 321 can be surely protected by the protective ?lm 
325. 
[0063] FIG. 8C is a vieW in the case Where an LCD panel is 
manufactured using a TFT substrate in FIG. 8B. A counter 
substrate 319 is provided to face the glass substrate 100 over 
Which TFTs are formed. The counter substrate 319 is pro 
vided With a color ?lter 318. A liquid crystal 315 and a spacer 
316 are provided betWeen the glass substrate 100 and the 
counter substrate 319 and are sealed With a sealant 317. 

[0064] Thus, inverted-staggered n-channel TFTs can be 
completed through the photolithography process using three 
photomasks. Then, they are arranged in matrix corresponding 
to pixels so that a pixel portion is formed, Which can be a 
substrate for fabricating an active matrix electrooptic device. 

Embodiment Mode 3 

[0065] Next, the structure of a connection terminal portion 
connected to a peripheral circuit provided on the periphery of 
a pixel portion Will be described taking FIGS. 9A to 9D as an 
example. 
[0066] FIGS. 9A and 9B each illustrate a structure in the 
case Where a source Wiring is lead to an end portion of a 
substrate. FIG. 9A illustrates the case of Embodiment Mode 
l and FIG. 9B illustrates the case of Embodiment Mode 2. 
Note that the same reference numerals are used for the parts 
corresponding to those in FIGS. 1A to IE, FIGS. 2A to 2D, 
FIGS. 3A to 3C, FIG. 4, FIGS. 5A and 5B, FIGS. 6A to 6E, 
FIGS. 7A to 7D, and FIGS. 8A to 8C. In the case ofFIG. 9A, 
the protective ?lm 112 is etched using the photoresist 3 in 
FIG. 3B to expose the Wiring 106 so that the Wiring 106 is in 
contact With the transparent conductive ?lm 114. In the case 
of FIG. 9B, the metal ?lm 105 and the transparent conductive 
?lm 312 are made to be in contact With each other using the 
photoresist 7 in FIG. 7B. Then, the protective ?lm 314 is 
etched using the photoresist 9 to expose the transparent con 
ductive ?lm 312. The transparent conductive ?lms 114 and 
312 form connection terminals and are each connected to an 
FPC (?exible printed circuit) With a conductive adhesive such 
as an anisotropic conductive ?lm interposed therebetWeen. 

[0067] FIGS. 9C and 9D each illustrate a structure in the 
case Where a gate Wiring is lead to an end portion of a sub 
strate. FIG. 9C illustrates the case of Embodiment Mode l 
and FIG. 9D illustrates the case of Embodiment Mode 2. Note 
that the same reference numerals are used for the parts cor 
responding to those in FIGS. 1A to IE, FIGS. 2A to 2D, FIGS. 
3A to 3C, FIG. 4, FIGS. 5A and 5B, FIGS. 6A to 6E, FIGS. 
7A to 7D, and FIGS. 8A to 8C. In the case ofFIG. 9C, the gate 
insulating ?lm 102 is exposed using the photoresist 1 in FIG. 
2B, and the gate insulating ?lm 102 and the protective ?lm 
112 are etched using the photoresist 3 in FIG. 3B so that the 
gate Wiring is in contact With the transparent conductive ?lm 
114. In the case ofFIG. 9D, the gate electrode 301 is exposed 
using the photoresist 6 in FIG. 6E, and the gate electrode 301 
and the transparent conductive ?lm 312 are made to be in 
contact With each other using the photoresist 7 in FIG. 7B. 
Then, the protective ?lm 314 is etched using the photoresist 9 
to expose the transparent conductive ?lm 312. 
[0068] Thus, a semiconductor device can be manufactured 
by the process using four or three photomasks, in Which the 
number of photomasks is reduced and the number of steps is 
also reduced, as compared to the conventional process using 
?ve photomasks. 
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[0069] FIGS. 11A to 11C illustrate a television set, a por 
table information terminal (such as a mobile computer, a 
cellular phone, a mobile game console, or an electronic 
book), and a laptop computer, respectively, as examples of a 
semiconductor device and an electronic appliance of the 
present invention. 
[0070] FIG. 11A illustrates a display device including a 
housing 1001, a display portion 1002, speakers 1003, a video 
input terminal 1004, a supporting base 1005, and the like. The 
display device is manufactured using TFTs formed by the 
manufacturing method described in any of the aforemen 
tioned embodiment modes for the display portion 1002 and a 
driver circuit thereof. Note that as the display device, a liquid 
crystal display device, a light emitting device, and the like are 
given. Speci?cally, the display device includes all display 
devices for information display, such as those for computers, 
television broadcasting reception, and advertisement display. 
According to the present invention, an inexpensive and highly 
reliable display device can be realiZed. 
[0071] A cellular phone illustrated in FIG. 11B includes 
control sWitches 2001, a display portion 2002, and the like. 
According to the present invention, an inexpensive and highly 
reliable cellular phone can be realiZed. 
[0072] FIG. 11C illustrates a laptop personal computer 
including a main body 3001, a display portion 3002, and the 
like. According to the present invention, an inexpensive and 
highly reliable laptop personal computer can be realiZed. 
[0073] This application is based on Japanese Patent Appli 
cation serial no. 2007-275781 ?led With Japan Patent O?ice 
on Oct. 23, 2007, the entire contents of Which are hereby 
incorporated by reference. 

What is claimed is: 
1. A method for manufacturing a semiconductor device, 

comprising: 
forming a ?rst conductive ?lm over a substrate; 
etching the ?rst conductive ?lm using a ?rst photoresist to 

form a gate electrode; 
forming a gate insulating ?lm over the gate electrode; 
forming a ?rst semiconductor layer over the gate insulating 

?lm; 
forming a second semiconductor layer including an impu 

rity element imparting one conductivity type over the 
?rst semiconductor layer; 

performing rear surface exposure to form a second photo 
resist; 

etching the ?rst semiconductor layer and the second semi 
conductor layer including the impurity element impart 
ing one conductivity type using the second photoresist, 
thereby forming a ?rst semiconductor island and a sec 
ond semiconductor island including the impurity ele 
ment imparting one conductivity type; 

forming a second conductive ?lm over the substrate; 
forming a third photoresist using a multi-tone mask over 

the second conductive ?lm; 
etching the second conductive ?lm using the third photo 

resist; 
ashing the third photoresist; 
etching the second conductive ?lm using the ashed third 

photoresist to form a source electrode and a drain elec 
trode; and 

etching the ?rst semiconductor island and the second semi 
conductor island including the impurity element impart 
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ing one conductivity type using the ashed third photore 
sist to form a channel region, a source region, and a drain 
region. 

2. The method for manufacturing a semiconductor device, 
according to claim 1, Wherein the multi-tone mask is a half 
tone mask or a gray-tone mask. 

3. The method for manufacturing a semiconductor device, 
according to claim 1, Wherein the rear surface exposure is 
performed through the ?rst semiconductor layer and the sec 
ond semiconductor layer including the impurity element 
imparting one conductivity type. 

4. The method for manufacturing a semiconductor device, 
according to claim 1, Wherein the ?rst semiconductor layer is 
an amorphous semiconductor layer. 

5. The method for manufacturing a semiconductor device, 
according to claim 1, Wherein the ?rst semiconductor layer is 
an i-type amorphous silicon layer. 

6. A method for manufacturing a semiconductor device, 
comprising: 

forming a ?rst conductive ?lm over a substrate; 
etching the ?rst conductive ?lm using a ?rst photoresist to 

form a gate electrode; 
forming a gate insulating ?lm over the gate electrode; 
forming a ?rst semiconductor layer over the gate insulating 

forming a second semiconductor layer including an impu 
rity element imparting one conductivity type over the 
?rst semiconductor layer; 

performing rear surface exposure to form a second photo 
resist; 

etching, using the second photoresist, the ?rst semiconduc 
tor layer and the second semiconductor layer including 
the impurity element imparting one conductivity type, 
thereby forming a ?rst semiconductor island and a sec 
ond semiconductor island including the impurity ele 
ment imparting one conductivity type; 

forming a second conductive ?lm over the substrate; 
forming a third photoresist using a multi-tone mask over 

the second conductive ?lm; 
etching, using the third photoresist, the second conductive 

?lm, the second semiconductor island including the 
impurity element imparting one conductivity type, and 
the ?rst semiconductor island to form a Wiring; 

ashing the third photoresist; 
etching the second conductive ?lm using the ashed third 

photoresist to form a source electrode and a drain elec 

trode; 
etching the second semiconductor island including the 

impurity element imparting one conductivity type and 
the ?rst semiconductor island using the ashed third pho 
toresist to form a channel region, a source region, and a 
drain region; 

forming a protective ?lm over the substrate; 
forming a contact hole in the protective ?lm using a fourth 

photoresist; 
forming a third conductive ?lm over the protective ?lm; 

and 
etching the third conductive ?lm using a ?fth photoresist to 

form a pixel electrode. 
7. The method for manufacturing a semiconductor device, 

according to claim 6, Wherein the multi-tone mask is a half 
tone mask or a gray-tone mask. 

8. The method for manufacturing a semiconductor device, 
according to claim 6, Wherein the rear surface exposure is 
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performed through the ?rst semiconductor layer and the sec 
ond semiconductor layer including the impurity element 
imparting one conductivity type. 

9. The method for manufacturing a semiconductor device, 
according to claim 6, Wherein the ?rst semiconductor layer is 
an amorphous semiconductor layer. 

1 0. The method for manufacturing a semiconductor device, 
according to claim 6, Wherein the ?rst semiconductor layer is 
an i-type amorphous silicon layer. 

1 1. The method for manufacturing a semiconductor device, 
according to claim 6, Wherein the pixel electrode is a trans 
parent conductive ?lm. 

12. A method for manufacturing a semiconductor device, 
comprising: 

forming a ?rst conductive ?lm over a substrate; 
etching the ?rst conductive ?lm using a ?rst photoresist to 

form a gate electrode; 
forming a gate insulating ?lm over the gate electrode; 
forming a ?rst semiconductor layer over the gate insulating 

forming a second semiconductor layer including an impu 
rity element imparting one conductivity type over the 
?rst semiconductor layer; 

performing ?rst rear surface exposure to form a second 
photoresist; 

etching, using the second photoresist, the ?rst semiconduc 
tor layer and the second semiconductor layer including 
the impurity element imparting one conductivity type, 
thereby forming a ?rst semiconductor island and a sec 
ond semiconductor island including the impurity ele 
ment imparting one conductivity type; 

forming a second conductive ?lm over the substrate; 
forming a third photoresist using a ?rst multi-tone mask 

over the second conductive ?lm; 
etching, using the third photoresist, the second conductive 

?lm, the second semiconductor island including the 
impurity element imparting one conductivity type, and 
the ?rst semiconductor island; 

ashing the third photoresist; 
etching the second conductive ?lm using the ashed third 

photoresist to form a source electrode and a drain elec 

trode; 
etching the second semiconductor island including the 

impurity element imparting one conductivity type and 
the ?rst semiconductor island using the ashed third pho 
toresist to form a channel region, a source region, and a 
drain region; 

forming a fourth photoresist using a second multi-tone 
mask; 

ashing the fourth photoresist; 
forming a third conductive ?lm over the second conductive 
?lm and the fourth photoresist; 

removing the fourth photoresist and part of the third con 
ductive ?lm formed thereon to form a pixel electrode; 

forming a protective ?lm over the substrate; 
performing second rear surface exposure to form a ?fth 

photoresist over the protective ?lm; 
performing a re?oW process on the ?fth photoresist; and 
etching the protective ?lm using the ?fth photoresist sub 

jected to the re?oW process. 
13. The method for manufacturing a semiconductor device, 

according to claim 12, Wherein each of the ?rst and second 
multi-tone masks is a halftone mask or a gray-tone mask. 
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14. The method for manufacturing a semiconductor device, 
according to claim 12, Wherein the ?rst rear surface exposure 
is performed through the ?rst semiconductor layer and the 
second semiconductor layer including the impurity element 
imparting one conductivity type. 

15. The method for manufacturing a semiconductor device, 
according to claim 12, Wherein the ?rst semiconductor layer 
is an amorphous semiconductor layer. 

16. The method for manufacturing a semiconductor device, 
according to claim 12, Wherein the ?rst semiconductor layer 
is an i-type amorphous silicon layer. 

17. The method for manufacturing a semiconductor device, 
according to claim 12, Wherein the pixel electrode is a trans 
parent conductive ?lm. 

18. A method for manufacturing a semiconductor device, 
comprising: 

forming a ?rst conductive ?lm over a substrate; 
etching the ?rst conductive ?lm using a ?rst photoresist to 

form a gate electrode and a Wiring; 
forming a gate insulating ?lm over the gate electrode and a 

?rst Wiring; 
forming a ?rst semiconductor layer over the gate insulating 

forming a second semiconductor layer including an impu 
rity element imparting one conductivity type over the 
?rst semiconductor layer; 

performing ?rst rear surface exposure to form a second 
photoresist; 

etching, using the second photoresist, the ?rst semiconduc 
tor layer and the second semiconductor layer including 
the impurity element imparting one conductivity type, 
thereby forming a ?rst semiconductor island and a sec 
ond semiconductor island including the impurity ele 
ment imparting one conductivity type over the gate elec 
trode and forming a third semiconductor island and a 
fourth semiconductor island including the impurity ele 
ment imparting one conductivity type over the ?rst Wir 

111%; 
forming a second conductive ?lm over the substrate; 
forming a third photoresist using a ?rst multi-tone mask 

over the second conductive ?lm; 
etching, using the third photoresist, a part of the second 

conductive ?lm and the fourth semiconductor island 
including the impurity element imparting one conduc 
tivity type and the third semiconductor island over the 
?rst Wiring; 

ashing the third photoresist; 
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etching the second conductive ?lm using the ashed third 
photoresist to form a source electrode and a drain elec 

trode; 
etching the second semiconductor island including the 

impurity element imparting one conductivity type and 
the ?rst semiconductor island using the ashed third pho 
toresist to form a channel region, a source region, and a 
drain region; 

forming a fourth photoresist using a second multi-tone 
mask over the substrate; 

etching part of the gate insulating ?lm, Which is not cov 
ered With the fourth photoresist, using the fourth photo 
resist to form a contact hole over the ?rst Wiring; 

ashing the fourth photoresist; 
forming a third conductive ?lm over the second conductive 
?lm and the fourth photoresist; 

removing the fourth photoresist and parts of the third con 
ductive ?lm formed on the fourth photoresist to form a 
pixel electrode and a second Wiring; 

forming a protective ?lm over the substrate; 
performing second rear surface exposure to form a ?fth 

photoresist over the protective ?lm; 
performing a re?oW process on the ?fth photoresist; and 

etching the protective ?lm using the ?fth photoresist sub 
jected to the re?oW process. 

19. The method for manufacturing a semiconductor device, 
according to claim 18, Wherein each of the ?rst and second 
multi-tone masks is a halftone mask or a gray-tone mask. 

20. The method for manufacturing a semiconductor device, 
according to claim 18, Wherein the ?rst rear surface exposure 
is performed through the ?rst semiconductor layer and the 
second semiconductor layer including the impurity element 
imparting one conductivity type. 

21. The method for manufacturing a semiconductor device, 
according to claim 18, Wherein the ?rst semiconductor layer 
is an amorphous semiconductor layer. 

22. The method for manufacturing a semiconductor device, 
according to claim 18, Wherein the ?rst semiconductor layer 
is an i-type amorphous silicon layer. 

23. The method for manufacturing a semiconductor device, 
according to claim 18, Wherein the pixel electrode is a trans 
parent conductive ?lm. 

* * * * * 


