
US 20020127887A1 

(12) Patent Application Publication (10) Pub. N0.: US 2002/0127887 A1 
(19) United States 

Uehara et al. (43) Pub. Date: Sep. 12, 2002 

(54) METHOD OF MANUFACTURINGA (52) US. Cl. ............................................................ .. 438/800 
SEMICONDUCTOR DEVICE 

(76) Inventors: Ichiro Uehara, KanagaWa (JP); (57) ABSTRACT 
Kazuhiro Toshima, KanagaWa (JP); 
Shunpei Yamazaki, Tokyo (JP) 

In a patterning process of a semiconductor device having 
Correspondence Address: inverted stagger type TFTs, a normal photolithography step 
FISH & RICHARDSON P-C- using diaZo naphthoquinone (DNQ)-Novolac resin based 
1425 K STREET’ N'W' positive photo resist is applied, and a problem of the area 
11TH FLOOR dependency of the photo resist pattern side Wall taper angle 
WASHINGTON’ DC 20005-3500 (Us) may occur. The problem is critical for the reason of in?uence 

on variation of an etchin sha e in a dr -etchin ste . The 
(21) Appl' NO" 09/852’916 present invention has an gbjeciJ to solve ilhe abovge prcljblem. 

- _ In a photolithography step, Which is patterning step of a 
(22) Flled' May 11’ 2001 semiconductor device having inverted stagger type TFTs, by 

(30) Foreign Application Priority Data adjusting a pre-bake temperature or a PED (post-exposure 
bake) temperature, and positively performing evacuation of 

May 13, 2000 (JP) .................................... .. 2000-180549 Solvent in a State of a Photo resist ?1m> the Volume Contrac 
tion by evacuation of solvent at the post-bake is reduced, and 

Publication Classi?cation the problem of the area dependency of the photo resist 
pattern side Wall taper angle is solved, Which is deformation 

(51) Int. Cl.7 ................................................... .. H01L 21/00 due to the volume contraction. 

V///// ‘ , ' 

/ / é/ - I \ // 

{M f A I A 

T i ! ' \W.‘(_v'-/ \W,_Y,_/ 
i 201 m 

A AI B Bl 



Patent Application Publication Sep. 12, 2002 Sheet 1 0f 6 US 2002/0127887 A1 

FIG. 1 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

TECHNICAL FIELD TO WHICH THE 
INVENTION BELONGS 

[0001] The present invention relates to a semiconductor 
device having a circuit formed of thin ?lm transistors 
(thereafter, referred to as TFTs) and a method of manufac 
turing the same. The semiconductor device includes, for 
example, an electro-optical device such as a liquid crystal 
display formed of TFTs. 

[0002] More speci?cally, the present invention relates to a 
method of manufacturing a semiconductor device having 
inverted staggered type TFTs With a bottom gate structure, 
and more particularly to a photolithography for patterning 
the semiconductor device. 

PRIOR ART 

[0003] In recent years, an active matriX liquid crystal 
display technology using TFTs is of great interest. Since an 
active matriX display is provided With a TFT sWitch on each 
piXel, a liquid crystal orientation state of TN (i.e., tWisted 
nematic) mode is available, and it is advantageous in terms 
of response speed, vieWing angle and contrast, compared 
With a passive matriX display, it is mainly used in the current 
liquid crystal display. 
[0004] In the electro-optical device including such a liquid 
crystal display With the active matriX display, high de?ni 
tion, high aperture ratio and high reliability along With 
enlarging the area of a screen have been greatly required, 
While loW cost along With improvement of the productivity 
has been further greatly required. In particular, in response 
to the loW cost requirement, an inverted stagger type TFT is 
Widely adopted, Which has a bottom gate structure having a 
channel forming region formed of an amorphous silicon ?lm 
conventionally capable of being produced on a large area 
substrate With a loW temperature process at 300° C. or less. 

[0005] The above-mentioned inverted stagger type TFT is 
basically advantageous of loW cost, since a loW cost glass 
substrate and the loW temperature process at 300° C. or less 
are employed. HoWever, since loW cost is further required, 
the improvement of the productivity for attaining the loW 
cost has been considered. Since shortening the process is 
most effective for improving the productivity, shortening the 
process has been considered in the industry. Therefore, 
reducing a photolithography step Which is a pattering step, 
that is, reducing the number of photo masks is considered for 
shortening the process. 

[0006] A normal photolithography step using diaZo naph 
thoquinone (DNQ)-Novolac resin based positive photo 
resist, and an etching step such as dry etching and Wet 
etching are applied in the patterning step to be reduced. 

[0007] In the normal photolithography step consisting of a 
combination of the diaZo naphthoquinone (DNQ)-Novolac 
resin based positive photo resist and a reduction projection 
eXposure apparatus (also referred to as a stepper) Which is a 
single Wavelength (g-ray and i-ray of high-pressure mer 
cury-vapor lamp) eXposure apparatus, it has been apparent 
that ?uctuation in taper angle of the resist pattern occurs due 
to variation in siZe of the resist pattern. Namely, the resist 
shape of a ?ne pattern (about 0.3-3 pm) is a good rectangular 
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pattern, but in a larger pattern (about 10 pm or more), 
deformation in the pattern With variation in taper angle 
occurs on a side Wall of the resist shape, and it is observed 
that the taper angle is reduced (see FIG. 1). 

[0008] Since the above phenomenon occurs under a pro 
cess condition, i.e., pre-bake temperature (90° C. for one 
minute), folloWed by PEB (post eXposure bake) temperature 
(110° C. for three minutes) and post-bake temperature (120° 
C. for four minutes), in Which the post-bake temperature 
after development is higher than the PEB temperature, the 
phenomenon is considered to be caused due to evacuation of 
residual solvent from the resist pattern at the post-bake. 
Also, in a photolithography step Without PEB process, it is 
observed that deformation in the resist pattern due to volume 
contraction from the resist pattern at the post-bake occurs in 
the case of large difference betWeen the pre-bake tempera 
ture and the post-bake temperature. 

[0009] In producing the inverted stagger type TFT With a 
bottom gate structure, While the photolithography step With 
out PEG process is generally adopted, it is not advantageous 
that as described above, deformation in the resist pattern due 
to volume contraction at the post-bake occurs. Since various 
dimensions of circuit patterns eXist in a liquid crystal 
display, deformation in the resist pattern With variation in 
taper angle depending on variation in the area of the resist 
pattern in?uences the etched shape, and thus is a critical 
problem. 

[0010] Also, for loW cost and enhancement of yield, 
reduction of the photolithography step is required. In this 
case, since a plurality of thin ?lm layers are patterned 
simultaneously using the resist pattern as a mask, variation 
of the resist pattern side Wall taper angle is a critical problem 
because it is observed that it also greatly in?uences the 
etched shape. 

[0011] In light of the above problem, in a photolithogra 
phy step Which is a patterning step for a semiconductor 
device having an inverted stagger type TFT, a phenomenon 
in Which the greater the dimension of the photo resist pattern 
is, the smaller the taper angle on the side Wall is, i.e., the area 
dependence of the photo resist pattern side Wall taper angle 
is Worried. The problem of the area dependence of the photo 
resist pattern side Wall taper angle is found in other com 
panies, and the details are disclosed in Japanese Patent 
Application Laid-open No. Hei 09-54438. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide an 
semiconductor device formed of inverted stagger type TFTs 
and a method of manufacturing the same, Which can solve 
the above described problems. 

[0013] Thus, it is an object of the present invention to 
solve the area dependence of photo resist pattern side Wall 
taper angle in a photolithography step With diaZo naphtho 
quinone (DNQ)-Novolac resin based positive photo resist. 
In particular, it is an object of the present invention to the 
area dependence of the photo resist pattern side Wall taper 
angle in a photolithography step Which is a production 
process of a semiconductor device having inverted stagger 
type TFTs. 
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[0014] (Means for Solving Photo Resist Pattern Deforma 
tion) 
[0015] First, a description Will be made of means for 
solving resist pattern deformation With variation in taper 
angle dependent on the pattern area in a photolithography 
step. 

[0016] As described above, pattern deformation With 
variation of side Wall taper angle of large area photo resist 
pattern (about 10 pm or more) occurred as shoWn in FIG. 1 
in a photolithography step With diaZo naphthoquinone 
(DNQ)-Novolac resin based positive photo resist. Since this 
pattern deformation dose not occur in ?ne pattern (about 3 
pm or less) formed simultaneously, it is observed that the 
pattern deformation is dependent on the dimension of the 
photo resist pattern, i.e., the area of the photo resist pattern 
(see FIG. 1). 
[0017] The problem of the area dependence of the photo 
resist pattern side Wall taper angle is found in other com 
panies, and the details are disclosed in Japanese Patent 
Application Laid-open No. Hei 09-54438. 

[0018] In patterning the photo resist pattern shoWn in FIG. 
1, a reduction projection exposure apparatus is used as an 
exposure apparatus, in Which a single Wavelength (speci? 
cally, i-ray of an extra high-pressure mercury-vapor lamp) is 
used for accounting for chromatic aberration. Therefore, 
PEB process is generally applied betWeen exposure and 
development because of adverse effect by standing Wave due 
to a single Wavelength of the exposed light. This company 
uses the PEB process in performing a photolithography step 
using the reduction projection exposure apparatus. 

[0019] As described above, the photo resist pattern defor 
mation With variation of side Wall taper angle occurs in a 
photolithography step applying the PEB process betWeen 
exposure and development, i.e., in a sequence of photo 
processes consisting of a photo resist coatingQpre-bake 
(90° C. for one minute)%exposure (using the reduction 
projection exposure apparatus)QPEB (110° C. for three 
minutes) development, and post-bake (120° C. for four 
minutes). In the photo process, since the photo resist pattern 
deformation occurs after the post-bake process (120° C. for 
four minutes) at glass transition temperature (about 150° C.) 
or less, Which can be a softening point of the photo resist, it 
is apparent that the photo resist pattern deformation dose not 
occur due to thermal softening of the photo resist. Therefore, 
factors of the photo resist pattern deformation other than the 
thermal softening are discussed as described beloW (see 
FIG. 1). 
[0020] In the normal photolithography step consisting of a 
combination of the diaZo naphthoquinone (DNQ)-Novolac 
resin based positive photo resist and a reduction projection 
exposure apparatus (also referred to as a stepper) Which is a 
single Wavelength (g-ray and i-ray of high-pressure mer 
cury-vapor Lamp) exposure apparatus, it is considered that 
volume contraction phenomenon in the resist pattern due to 
evacuation of residual solvent at the post-bake causes a 
pattern deformation on the side Wall of large area photo 
resist pattern (about 10 pm or more). Accordingly, it is 
expected that if PEB temperature for baking the entire resist 
?lm after exposure is equal to or greater than the post-bake 
temperature, evacuation of solvent component at the PEB 
process is promoted, and evacuation of the solvent from the 
resist pattern at post-bake is relatively reduced. 
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[0021] For verifying the above expectation, the in?uence 
on the dimension of the large area resist pattern edge Was 
measured as changing PEB temperature from 110° C. to 
150° C. The dimension of the large area resist pattern edge 
Was then measured by means of a measurement SEM (see 
FIGS. 2A and 2B). 

[0022] FIG. 2A is a plot of PEB temperature (horiZontal 
axis) and pattern edge Width In FIG. 2B, the large area 
pattern is a part of a concave LSA mark and the periphery 
of the mark is a resist region. The exposure time Was 
adjusted so that the line length of 0.8 pm L/S becomes 
substantially 0.8 pm every PEB condition. Focus is 0.0 pm. 
Referring to FIGS. 2A and 2B, the dimension of the large 
area resist pattern edge is gradually decreased in response to 
the rise of the PEB temperature, and it Was observed that it 
is tended to be stable at the higher PEB temperature than that 
close to post-bake temperature (120° C.), i.e., the pattern 
deformation With variation in the side Wall taper angle of the 
large area resist pattern due to volume contraction phenom 
enon is reduced in a region at the higher temperature region 
than that close to post-bake temperature (120° C.). 

[0023] In other Words, since decreasing the dimension of 
the large area photo resist pattern edge increases the side 
Wall taper angle of the large area photo resist pattern, Which 
means that the taper angle becomes sharp, it is understood 
that in a region at the PEB temperature higher than the 
post-bake temperature (120° C.), the side Wall taper angle of 
the large area photo resist pattern is large and stable (see 
FIGS. 2A and 2B). 

[0024] Accordingly, it is demonstrated that the pattern 
deformation With variation in the resist taper angle in the 
large area photo resist pattern is effectively controlled by 
rising PEB temperature equal to or higher than the post-bake 
temperature (see FIGS. 2A and 2B). 
[0025] Actually, the PEB process is a step introduced to 
reduce interference fringes on the post-development resist 
pattern side Wall occurring at a single Wavelength exposure 
by the reduction projection exposure apparatus. The PEB 
process may not be necessarily introduced because interfer 
ence fringes on the post-development resist pattern side Wall 
basically do not occur in exposing by means of an equivalent 
projection exposure apparatus capable of multi-Wavelength 
exposure (for example, g-ray, h-ray and i-ray of an extra 
high-pressure mercury-vapor lamp). 
[0026] In practice, in a photolithography step for an 
inverted stagger type TFT manufactured on a large glass 
substrate, since the equivalent projection exposure apparatus 
using multi-Wavelength is used for convenience of the 
production, a photo process Without PEB process, i.e., a 
photo process consisting of a sequence of photo resist 
coatingQpre-bakeQexposure—>development—>post-bake is 
generally used. 

[0027] Also, in this case, if the post-bake temperature 
(normally, about 110-140° C.) is higher than the pre-bake 
temperature (normally, about 90-100° C.), evacuation of 
residual solvent from the resist pattern at the post-bake is 
accelerated and the resist pattern deformation With variation 
in the taper angle due to volume contraction of the resist 
pattern may occur depending on the difference of the tem 
peratures. 

[0028] Based on the above discussion, in the photolithog 
raphy step Without PEB process, deformation of the photo 
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resist pattern shape Was measured as changing the pre-bake 
temperature (90° C., 110° C., and 130° C.-1.5 minutes) With 
the post-bake temperature being ?xed (140° C.-tWo min 
utes). The photo resist pattern shape obtained is observed by 
means of cross-section SEM, and the measured results are 
shoWn in FIGS. 3A-3C. In the measurement, MPA (Canon 
inc.), Which is an equivalent projection exposure apparatus, 
is used as an exposure apparatus, and a photo resist pattern 
having 3 pm line is used as measurement pattern. 

[0029] FIGS. 3A-3C are SEM photographs of the resist 
pattern cross-section, at pre-bake temperature 90° C. (FIG. 
3A), 110° C. (FIG. 3B) and 130° C. (FIG. 3C), respectively, 
Wherein exposure is performed by means of an equivalent 
projection exposure apparatus using multi-Wavelengths, and 
development and post-bake (140° C.) are directly performed 
Without the PEB process. As seen in the ?gures, for the 
pre-bake at 90° C. and 110° C., compared With the pre-bake 
at 130° C., volume contraction phenomenon of the resist 
pattern due to evacuation of the solvent at the post-bake is 
large, and deformation of the resist pattern is observed. To 
solve the problem, the difference betWeen the pre-bake 
temperature and the post-bake temperature must be 10° C. or 
less. 

[0030] In the measurement, the large area photo resist 
pattern (10 pm or more) is not measured. If the large area 
photo resist pattern is measured, appropriate range of the 
pre-bake temperature Would be equal to or greater than that 
of the post-bake temperature similarly to a measurement 
With the PEB process because of severer condition of the 
measurement in terms of deformation phenomenon occurred 
due to volume contraction by evacuation of solvent at the 
post-bake. HoWever, if the appropriate range of the pre-bake 
temperature is equal to or greater than that of the post-bake 
temperature, it is possible that exposure property such as 
sensitivity is adversely affected as pre-bake temperature 
rises. Preferably, the post-bake temperature is not exces 
sively reduced for adherence of the photo resist pattern to the 
underlying substrate. From this point, the pre-bake tempera 
ture Was measured using normal photo resist pattern (3 pm 
line pattern) rather than the large area photo resist pattern, 
and the bake condition Was restricted so that pre-bake 
temperature is Within 110° C. relative to the post-bake 
temperature. 

[0031] From the above discussion, for controlling varia 
tion of the taper angle dependent on change in siZe of the 
resist pattern regardless of the PEB process, generally, it is 
understood that evacuation of residual solvent Within the 
resist ?lm is preferably accelerated in the state of the resist 
?lm before patterning in the development process, because 
volume contraction phenomenon is reduced due to evacua 
tion solvent at the post-bake baking only the resist pattern. 
Speci?cally, for the process With PEB process, the bake 
condition is restricted so that PEB temperature is equal to or 
greater than the post-bake temperature. On the other hand, 
for the process Without the PEB process, the bake condition 
is restricted so that pre-bake temperature is equal to or 
Within 110° C. relative to the post bake temperature. 

[0032] Accordingly, in accordance With the present inven 
tion, a solution is provided Which can solve a problem of the 
area dependence of the photo resist pattern side Wall taper 
angle inducing the deformation phenomenon due to volume 
contraction occurred by evacuation of solvent from the 
photo resist pattern at the post-bake. 
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[0033] In the photolithography step using diaZo naphtho 
quinone (DNQ)-Novolac resin based positive photo resist 
Without the PEB process, the deformation phenomenon due 
to volume contraction occurred by evacuation of solvent 
from the photo resist pattern at the post-bake is solved by 
restricting the pre-bake temperature Within 110° C. relative 
to the post-bake temperature. 

[0034] In the photolithography step using diaZo naphtho 
quinone (DNQ)-Novolac resin based positive photo resist 
With the PEB process, the deformation phenomenon due to 
volume contraction occurred by evacuation of solvent from 
the photo resist pattern at the post-bake is solved by restrict 
ing the PEB temperature so as to be equal to or higher than 
the post-bake temperature. 

[0035] (Method of Manufacturing a Semiconductor 
Device) 
[0036] In a method of manufacturing a semiconductor 
device having inverted stagger type TFTs, reduction of 
patterning steps is considered to reduce the overall process 
steps, and the present invention relates to a method of 
manufacturing the semiconductor device using three photo 
masks. In the method of manufacturing the semiconductor 
device, means solution for solving the area dependence of 
photo resist pattern side Wall taper angle Which is a problem 
of a photolithography step is described beloW. 

[0037] A method of manufacturing a semiconductor 
device in accordance With the present invention includes a 
?rst step of forming a ?rst conductive ?lm on an insulating 
surface, a second step of forming a resist pattern on the ?rst 
conductive ?lm, a third step of dry-etching the ?rst conduc 
tive ?lm to form a ?rst pattern, a fourth step of forming a 
?rst insulating ?lm on the ?rst pattern, a ?fth step of forming 
a ?rst semiconductor ?lm on the ?rst insulating ?lm, a sixth 
step of forming a one conductivity type second semicon 
ductor ?lm on the ?rst semiconductor ?lm, a seventh step of 
forming a second conductive ?lm on the one conductivity 
type second semiconductor ?lm, an eighth step of forming 
a resist pattern on the second conductive ?lm, a ninth step 
of dry-etching the ?rst semiconductor ?lm, the one conduc 
tivity type second semiconductor ?lm, and the second con 
ductive ?lm to form a second pattern, a tenth step of forming 
a third conductive ?lm on the second pattern, an eleventh 
step of forming a resist pattern on the third conductive ?lm, 
and a tWelfth step of etching the third conductive ?lm to 
form a third pattern. 

[0038] It is to be noted that the third pattern formed by the 
tWelfth step is patterned by etching not only the third 
conductive ?lm but also the second pattern (formed by the 
ninth step). 

[0039] Alternatively, a method of manufacturing a semi 
conductor device in accordance With the present invention 
comprises a ?rst step of forming a ?rst conductive ?lm on 
an insulating ?lm, a second step of forming a resist pattern 
on the ?rst conductive ?lm, a third step of dry-etching the 
?rst conductive ?lm to form a gate electrode, a fourth step 
of forming a ?rst insulating ?lm on the gate electrode, a ?fth 
step of forming a ?rst semiconductor ?lm on the ?rst 
insulating ?lm, a sixth step of forming a one conductivity 
type second semiconductor ?lm on the ?rst semiconductor 
?lm, a seventh step of forming a second conductive ?lm on 
the one conductivity type second semiconductor ?lm, an 
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eighth step of forming a resist pattern on the second con 
ductive ?lm, a ninth step of dry-etching the ?rst semicon 
ductor ?lm, the one conductivity type second semiconductor 
?lm, and the second conductive ?lm to form a source Wiring 
and an active layer, a tenth step of forming a third conduc 
tive ?lm on the source Wiring and the active layer, an 
eleventh step of forming a resist pattern on the third con 
ductive ?lm, and a tWelfth step of etching the third conduc 
tive ?lm to form a pixel electrode. 

[0040] It is to be noted that the ?rst insulating ?lm formed 
by the fourth step is a gate insulating ?lm. It is also to be 
noted that the source Wiring and the active layer formed by 
the ninth step are formed of a laminated pattern consisting 
of the ?rst semiconductor ?lm and the one conductivity type 
second semiconductor ?lm. According to a pattern forming 
by the tWelfth step, While the pixel electrode is formed of the 
third conductive ?lm, in addition, a channel region is formed 
of the ?rst semiconductor ?lm, a source region and a drain 
region are formed of the one conductivity type second 
semiconductor ?lm, and a source electrode and a drain 
electrode are formed of the second conductive ?lm. 

[0041] In such a method of manufacturing a semiconduc 
tor device, each of the second, the eighth and the eleventh 
steps includes the steps of resist coating, pre-baking, expos 
ing, developing, and post-baking, characteriZed in that dif 
ference betWeen the pre-bake temperature and the post-bake 
temperature is Within 110° C. 

[0042] More speci?cally, each of the second, the eighth 
and the eleventh steps includes the steps of resist coating, 
pre-baking, exposing, developing, and post-baking, charac 
teriZed in that the pre-bake temperature is Within 110° C. 
relative to the post-bake temperature. 

[0043] Alternatively, each of the second, the eighth and 
the eleventh steps includes the steps of resist coating, 
pre-baking, exposing, post-exposure baking, developing, 
and post-baking, characteriZed in that difference betWeen the 
post-exposure bake temperature and the post-bake tempera 
ture is Within 110° C. 

DESCRIPTION OF THE DRAWINGS 

[0044] [FIG. 1] An SEM photograph illustrating defor 
mation of a resist shape in a conventional large area resist 
pattern. 

[0045] [FIG. 2A] A graph illustrating PEB temperature 
dependence of the dimension of a large area resist pattern 
edge in accordance With the present invention. 

[0046] [FIG. 2B] An SEM photograph speci?cally illus 
trating measurement position shoWn in FIG. 2A. 

[0047] [FIGS. 3A-3C] SEM photographs of the resist 
pattern shapes in an equivalent projection exposure appara 
tus (MFA) in accordance With the present invention. 

[0048] [FIGS. 4A-4D] Cross-sectional vieWs illustrating 
the structure of an inverted stagger type TFT and a method 
of manufacturing the same in accordance With the present 
invention. 

[0049] [FIGS. 5A and 5B] Cross-sectional vieWs illustrat 
ing the structure of an inverted stagger type TFT and a 
method of manufacturing the same in accordance With the 
present invention. 
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[0050] [FIG. 6] A top vieW illustrating the structure of a 
pixel region in an active matrix liquid crystal display device 
having the inverted stagger type TFTs. 

[EMBODIMENT] 
[0051] The present invention relates to a structure of an 
inverted stagger type TFT having a bottom gate structure 
and a method of manufacturing the same, characteriZed in 
that, by restricting a bake condition betWeen a pre-bake 
temperature or PEB temperature and a post-bake tempera 
ture in a photolithography step, taper angles of various 
dimensions of resist patterns are accurately controlled, as a 
result, accurately controlling shapes of various dimensions 
of etching patterns. Speci?c embodiment mode of the struc 
ture of the inverted stagger type TFT and the method of 
manufacturing the same in accordance With the present 
invention are described beloW With reference to FIGS. 
4A-4D, FIGS. 5A-5B and FIG. 6. 

[0052] It is to be noted that FIGS. 4A-4D and FIGS. 
5A-5B are cross-sectional vieWs illustrating a manufactur 
ing steps of an active matrix liquid crystal display device, 
and FIG. 6 is a top vieW illustrating con?guration of a pixel 
region in the active matrix liquid crystal display device. The 
cross-sectional vieWs of FIGS. 4A-4D and FIGS. 5A-5B are 
taken along a line A-A‘ and a line B-B‘ in FIG. 6, respec 
tively. In FIGS. 4A-4D and FIGS. 5A-5B, a terminal por 
tion, a pixel TFT portion and a capacitor portion are shoWn 
from the left side. 

[0053] At ?rst, a ?rst conductive ?lm (not shoWn) used as 
a gate electrode material is deposited on the overall surface 
of an insulating transparent substrate 101 such as a glass 
substrate by sputtering or the like (a ?rst step). The ?rst 
conductive ?lm (not shoWn) is used as a material for forming 
a gate Wiring (including a gate electrode), a capacitor Wiring 
(including a capacitor electrode) and the others, and pref 
erably made from a loW-resistance metal, such as Al (alu 
minum). HoWever, since Al alone has problems such as less 
heat-resistance and susceptibility to corrosion, the ?rst con 
ductive ?lm is generally made of a laminate ?lm consisting 
of a loW-resistance metal and a heat-resistant material. 
Included in the laminated ?lm are a tWo-layer structure of a 
loW-resistance material (e.g., Al) and a heat-resistant mate 
rial, and a three-layer structure in Which a loW-resistance 
material is sandWiched betWeen tWo heat-resistant material, 
i.e., a three-layer structure consisting of a heat-resistant 
material (e.g., Al)/a loW resistance material/a heat-resistant 
material (see FIG. 4A). 

[0054] Generally used as a loW resistance material is a 
material including Al as its principal component added With 
Sc (scandium), Ti (titanium), Cu (copper), Si (silicon) or the 
like at about 0.01-5%. On the other hand, used as a heat 
resistant material is a high-melting metal such as Ti (tita 
nium), Ta (tantalum), W (tungsten), Mo (molybdenum), Cr 
(chromium), or the like; a metal silicide Which is a com 
pound of the high-melting metal and silicon; or a metal 
nitride Which is a compound of the high-melting metal and 
nitrogen. In this embodiment mode, the ?rst conductive ?lm 
(not shoWn) consisting of Ti (50 nm thick)/Al (200 nm 
thick)/Ti (50 nm thick) Was deposited by sputtering (see 
FIG. 4A). 

[0055] After forming the conductive layer on the overall 
surface of the transparent substrate 101, a resist mask is 
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formed by a ?rst photolithography step (a second step). In 
the photolithography step With PEB process, the bake con 
dition is restricted so that PEB temperature is equal to or 
higher than the post-bake temperature, on the other hand, in 
the photolithography step Without PEB process, the bake 
condition is restricted so that the pre-bake temperature is 
equal to the post-bake temperature or difference betWeen the 
pre-bake temperature and the post-bake temperature is 
Within about 10° C. Thus a resist mask (not shoWn) is 
formed having a taper angle accurately controlled (see FIG. 
4A) 
[0056] In this embodiment mode, the photolithography 
step Without PEB process is applied and the bake condition 
is restricted so that the pre-bake temperature is Within 110° 
C. relative to the post-bake temperature. Therefore, the 
problem of the area dependency of the photo resist pattern 
side Wall taper angle is solved Which is deformation phe 
nomenon due to the volume contraction occurred by evacu 
ation of solvent at the post-bake. 

[0057] Next, Wiring and electrodes (a gate Wiring 102 
including a gate electrode, a capacitor Wiring 103, and a 
terminal 104) are formed by etching out and then removing 
the resist mask (not shoWn) (a third step). In this case, the 
etching is performed so that a forWard taper portion is 
formed at the end of the gate Wiring 102 (see FIG. 4A). 

[0058] Since little variation of the photo resist pattern side 
Wall taper angle occurs in the taper etching shape of each 
Wiring such as the gate Wiring 102, a stable taper etching 
shape Without variation is obtained (see FIG. 4A). 

[0059] Next, a gate insulating ?lm 105a Which is formed 
of a silicon oxide ?lm, a silicon oxide nitride ?lm or a silicon 
nitride ?lm having a thickness of 50-200 nm is deposited by 
plasma CVD or sputtering (a fourth step). In this embodi 
ment, the gate insulating ?lm 105a formed of a silicon 
nitride ?lm having a thickness of 150 nm Was deposited by 
plasma CVD (see FIG. 4A). 

[0060] Next, a ?rst amorphous semiconductor ?lm 106 
having a thickness of 50-200 nm is deposited on the gate 
insulating ?lm 105a by plasma CVD or sputtering (a ?fth 
step). In the embodiment mode, the ?rst amorphous semi 
conductor ?lm 106 formed of an amorphous silicon ?lm and 
having the thickness of 100 nm Was deposited by sputtering 
(see FIG. 4A). 
[0061] Next, a second amorphous semiconductor ?lm 107 
having a thickness of 20-80 nm, containing one conductivity 
type (n-type or p-type) impurity element, is deposited by 
plasma CVD or sputtering (a sixth step). In this embodiment 
mode, the second amorphous semiconductor ?lm 107 
formed of an amorphous silicon ?lm and having a thickness 
of 50 nm Was deposited by sputtering, using a silicon target 
containing P (phosphorus) element as n-type impurity (see 
FIG. 4A). 

[0062] Next, a second conductive ?lm 108 made from 
metal material is deposited by sputtering (a seventh step). 
Any metal material having ohmic contact characteristics to 
the underlying second amorphous semiconductor ?lm 107 is 
non-limitedly used as material of the second conductive ?lm 
108. For example, used may be a single-layer ?lm formed of 
a single element or any alloys made from a plurality of 
elements, such as Al (aluminum), Cr (chromium), Ta (tan 
talum), and Ti (titanium), and a laminated layer consisting of 
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the single layer ?lm. In the embodiment mode, the second 
conductive ?lm 108 having a three-layer structure consisting 
of Ti (100 nm thick)/Al (350 nm thick)/Ti (100 nm thick) 
Was deposited by sputtering (see FIG. 4A). 

[0063] In this Way, the gate insulating ?lm 105a having 
50-200 nm thickness, the ?rst amorphous semiconductor 
?lm 106 having 50-200 nm thickness, the second amorphous 
semiconductor ?lm 107 having 20-80 nm thickness contain 
ing one conductivity type (n-type or p-type) impurity ele 
ment, and the second conductive ?lm 108 made from metal 
material are sequentially deposited. As described above, any 
metal material having ohmic contact characteristics to the 
second amorphous semiconductor ?lm 107 is non-limitedly 
used as material of the second conductive ?lm 108 (see FIG. 

4A). 
[0064] Next, a resist mask 109 With a taper angle being 
accurately controlled is formed by a second photolithogra 
phy step (an eighth step), and then a Wiring 112 (in the 
subsequent step, becoming a source Wiring and a drain 
electrode) is formed by etching (a ninth step). At this point, 
the second conductive ?lm 108, the second amorphous 
semiconductor ?lm 107 containing an impurity element 
imparting n-type, and the ?rst amorphous semiconductor 
?lm 106 are sequentially etched by using the resist mask 109 
as a mask, and in a pixel TFT portion, the Wiring 112 
consisting of the second conductive ?lm 108, the second 
amorphous semiconductor ?lm 111 containing the impurity 
element imparting n-type, and the ?rst amorphous semicon 
ductor ?lm 110 are sequentially formed (see FIG. 4B). 

[0065] In the embodiment, the second conductive ?lm 108 
having a three-layer structure consisting of Ti (100 nm 
thick)/Al (350 nm thick)/T i (100 nm thick) is dry-etched by 
using the mixed gas of SiCl4, Cl2 and BCl3 as dry etching 
gas, and the second amorphous semiconductor ?lm 107 and 
the ?rst amorphous semiconductor ?lm 106 are dry-etched 
by using the mixed gas of CF4 and 02. In this case, the gate 
insulating ?lm 105a in the capacitor portion and the terminal 
portion remains Without being dry-etched. 

[0066] In the dry etching step, since a laminated pattern 
consisting of the Wiring 112 for forming a source and a drain 
electrodes, the second amorphous semiconductor ?lm 111 
for forming a source and a drain regions, and the ?rst 
amorphous semiconductor ?lm 110 for forming a channel 
region is dry-etched by using the photo resist mask 109 With 
little variation of the side Wall taper angle as a mask, a stable 
etching shape can be obtained. 

[0067] Next, after removing the resist mask 109, a resist 
mask (not shoWn) is formed using a shadoW mask, and an 
insulating ?lm 105b is formed by selectively removing a 
portion of the insulating ?lm 105a, Which covers a pad 
portion of the terminal portion. Thereafter, the resist mask 
(not shoWn) is removed (see FIG. 4C). 

[0068] Next, a third conductive ?lm 113 formed of a 
transparent conductive ?lm is deposited overall thereon (a 
tenth step). Material of the third conductive ?lm 113 
includes indium oxide (In2O3), indium oxide-tin oxide alloy 
(In2O3—SnO2: hereafter referred to as ITO) and the others 
(see FIG. 4D). 
[0069] In the embodiment mode, the third conductive ?lm 
113 made of ITO ?lm having a thickness of 100 nm Was 
deposited by sputtering. 
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[0070] Next, photo resist masks 114a-114c With taper 
angle being accurately controlled are formed by a third 
photolithography step (an eleventh step) (see FIG. 5A). 

[0071] In the embodiment, the photolithography Without 
PEB process is applied as Well as in the second step and the 
eighth step, and the bake condition is restricted so that the 
pre-bake temperature is Within 110° C. relative to the 
post-bake temperature. Therefore, the problem of the area 
dependency of the photo resist pattern side Wall taper angle 
is solved Which is deformation phenomenon due to the 
volume contraction occurred by evacuation of solvent at the 
post-bake. 
[0072] Moreover, a ?rst amorphous semiconductor ?lm 
115; a source region 116 and a drain region 117; a source 
electrode 118 and a drain electrode 119; and a pixel electrode 
120 are formed by etching. In the third photolithography 
step, the third conductive ?lm 113 is patterned, While an 
opening is formed by etching out a portion of the Wiring 112, 
a portion of the second amorphous semiconductor ?lm 111 
containing an impurity element imparting n-type, and a 
portion of the ?rst amorphous semiconductor ?lm 110. The 
bottom of the opening reaches the ?rst amorphous semicon 
ductor ?lm 110, so that the ?rst amorphous semiconductor 
?lm 115 having a concave portion is formed. The opening 
divides the Wiring 112 into the source electrode (source 
Wiring) 118 and the drain electrode 119, and the second 
amorphous semiconductor ?lm 111 containing an impurity 
element imparting n-type is separated into the source region 
116 and the drain region 117 (see FIG. 5A). 

[0073] In the above etching step, Wet-etching is used to 
etch the third conductive ?lm 113. In the Wet-etching, 
generally, an organic acid (about 3.4% solution: ITO-04N 
etchant), a mixture of nitric acid and hydrochloric acid, and 
ferric chloride solution are used as etchant. In the embodi 
ment, the third conductive ?lm (ITO ?lm) 113 is selectively 
Wet-etched by using the organic acid (about 3.4% solution: 
ITO-04N etchant). On the other hand, dry-etching is applied 
for the laminated ?lm consisting of the Wiring 112/ the 
second amorphous semiconductor ?lm 111/ the ?rst amor 
phous semiconductor ?lm 110. In the embodiment, the 
Wiring 112 for forming the source and the drain electrodes 
having a three-layer structure consisting of Ti (100 nm 
thick)/Al (350 nm thick)/T i (100 nm thick) Was dry-etched 
using chlorine-based mixed gas (SiCl4, C12, and BCl3), 
While the second amorphous semiconductor ?lm 111 for 
forming the source and drain regions consisting of an 
amorphous silicon ?lm having 50 nm thickness containing P 
(phosphorus) element, and the ?rst amorphous semiconduc 
tor ?lm 110 for forming a channel region consisting of an 
amorphous silicon ?lm having 100 nm thickness Were 
dry-etched using ?uorine-based gas (CF4 and O2). 

[0074] The etching shapes of the source electrode 118, the 
drain electrode 119, the source region 116, the drain region 
117 and the others formed by the dry-etching step (except for 
Wet-etching) are stable because of little variation of the 
photo resist pattern side Wall taper angle. 

[0075] A third conductive ?lm 121 in contact With the 
source electrode (source Wiring) 118 plays a role to cover the 
source electrode (source Wiring) 118 and prevent electro 
statics from occurring by rubbing in the subsequent manu 
facturing steps. Also, in the third photolithography step, a 
storage capacitor 202 is formed With the capacitor Wiring 
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103 and the pixel electrode 120 using the insulating ?lm 
105b in the capacitor portion as dielectric. In the third 
photolithography step, a third conductive ?lm remains 
Which is formed of a transparent conductive ?lm covered 
With a resist mask 114c and formed on the terminal portion. 
Next, the resist masks 114a-114c are removed (see FIG. 
5B). 
[0076] Aplane con?guration of a pixel region in the active 
matrix liquid crystal display device formed on the basis of 
the above manufacturing steps is shoWn in FIG. 6. The 
above manufacturing steps of the active matrix liquid crystal 
display device (FIGS. 4A-4D and FIGS. 5A-5B) is shoWn in 
cross-sectional vieWs taken along the line of A-A‘ (corre 
sponding to the pixel TFT portion) and B-B‘ (corresponding 
to the capacitor portion) in FIG. 6. 

[0077] In the pixel region shoWn in FIG. 6, a plurality of 
gate Wirings 102 positioned in parallel With each other and 
a plurality of source electrodes (source Wirings) 118 each 
orthogonal to each of the gate Wirings 102 are formed, and 
the pixel electrode 120 is provided in a region surrounded 
With the gate Wiring 102 and the source electrode (source 
Wiring) 118. The third conductive ?lm 121, Which is a 
transparent electrode Wiring formed simultaneously With the 
pixel electrode 120, is provided so as to overlap the source 
electrode (source Wiring) 118, and plays a role to prevent 
electro statics from occurring by rubbing in the subsequent 
step. In the embodiment, While the third conductive ?lm 121 
overlaps the source electrode (source Wiring) 118, the third 
conductive ?lm 121 may not be formed. 

[0078] Moreover, the capacitor Wiring 103 is provided 
adjacent to and in parallel With the gate Wiring 102. The 
capacitor Wiring (including the capacitor electrode) 103 is 
provided in each of all pixels, the storage capacitor 202 is 
formed using a gate insulating ?lm 104b betWeen the 
capacitor Wiring 103 and the pixel electrode 120 as dielec 
tric. In the intersection of the gate Wiring 102 and the source 
electrode (source Wiring) 118, an inverted stagger type 
n-channel TFT 201 is formed Which functions as a sWitching 
element (see FIG. 6). 

[0079] In the embodiment, in the manufacturing process 
of the active matrix liquid crystal display device having 
inverted stagger type TFTs, a photolithography step using 
diaZo naphthoquinone (DNQ)-Novolac resin based positive 
photo resist Without PEB process is applied, and the bake 
condition is restricted so that the pre-bake temperature is 
Within 110° C. relative to the post-bake temperature. There 
fore, an excellent photo resist pattern is formed Without 
deformation phenomenon due to volume contraction 
occurred by evacuation of solvent at the post-bake. Since no 
deformation phenomenon occurs due to volume contraction, 
it is characteriZed in that the photo resist pattern has no 
problem of the area dependency of the photo resist pattern 
side Wall taper angle. 

[0080] As described above, the inverted stagger type TFT 
having the bottom gate structure of the present invention is 
manufactured using photo masks three times, and thus, it is 
characteriZed in that loW-cost and improvement of yield are 
achieved. In the photolithography step using the photo mask 
With the PEB process, the bake condition is restricted so that 
the PEB temperature is equal to or higher than the post-bake 
temperature, While Without the PEB process, the bake con 
dition is restricted so that the pre-bake temperature is equal 
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to or Within 110° C. relative to the post-bake temperature, so 
that the resist pattern can be formed With the taper angle 
being accurately controlled, thereby obtaining the etching 
pattern accurately controlled. Advantages of the present 
invention having characteristics described above are recited 
beloW. 

[0081] (Advantage 1) 
[0082] In the manufacturing process of the semiconductor 
device having inverted stagger type TFTs, for the case of 
applying a photolithography step using diaZo naphtho 
quinone (DNQ)-Novolac resin based positive photo resist 
Without the PEB process, the bake condition is restricted so 
that the pre-bake temperature is Within 110° C. relative to 
the post-bake temperature, While for a photolithography step 
With the PEB process, the bake condition is restricted so that 
the PEB temperature is equal to or higher than the post-bake 
temperature. By such a bake condition restriction, a problem 
of the area dependency of the photo resist pattern side Wall 
taper angle can be solved Which is deformation phenomenon 
due to the volume contraction occurred by evacuation of 
solvent at the post-bake. 

[0083] (Advantage 2) 
[0084] In the photolithography step Which is a manufac 
turing process of the semiconductor device having inverted 
stagger type TFTs, since the problem of the area dependency 
of the photo resist pattern side Wall taper angle can be solved 
Which is deformation phenomenon due to the volume con 
traction occurred by evacuation of solvent at the post-bake, 
a stable etching shape independent on the pattern area can be 
achieved in the subsequent dry-etching step. Especially, 
since in the production process of the semiconductor device, 
a plurality of laminated layer ?lms are dry-etched in a batch, 
variation of the photo resist pattern side Wall taper angle 
might sensitively in?uence the dry-etching shape. Accord 
ingly, stabiliZation of the photo resist pattern side Wall taper 
angle may advantageously affect stabiliZation of the etching 
shape. 

[0085] (Advantage 3) 
[0086] In the dry-etching step of the manufacturing pro 
cess of the semiconductor device having inverted stagger 
type TFTs, since a stable etching shape independent on the 
pattern area can be achieved, improvements of both quality 
and yield of the semiconductor device are advantageously 
achieved. 

[0087] (Advantage 4) 
[0088] In the manufacturing process of the semiconductor 
device having inverted stagger type TFTs, since it is 
intended to reduce the manufacturing steps by reducing the 
number of photo masks, both yield and productivity are also 
improved. 

1. A method of manufacturing a semiconductor device, 

said method comprises the steps of: 

forming a ?rst conductive ?lm on an insulating surface; 

forming a ?rst photo resist pattern on the ?rst conduc 
tive ?lm; 

dry-etching the ?rst conductive ?lm to form a ?rst 
pattern; 
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depositing a ?rst insulating ?lm on the ?rst pattern; 

depositing a ?rst semiconductor ?lm on the ?rst insu 
lating ?lm; 

depositing a one conductivity type second semiconduc 
tor ?lm on the ?rst semiconductor ?lm; 

depositing a second conductive ?lm on the one con 
ductivity type second semiconductor ?lm; 

forming a second photo resist pattern on the second 
conductive ?lm; 

dry-etching the ?rst semiconductor ?lm, the one con 
ductivity type second semiconductor ?lm, and the 
second conductive ?lm to form a second pattern; 

depositing a third conductive ?lm on the second pat 
tern; 

forming a third photo resist pattern on the third con 
ductive ?lm; and 

etching the third conductive ?lm and the second pattern 
to form a third pattern, 

each of the steps of forming the ?rst, the second and the 
third photo resist patterns comprising the steps of: 

coating a photo resist; 

performing a pre-bake; 

performing an exposure; 

performing a development; and 

performing a post-bake, 

Wherein a pre-bake temperature is Within 110° C. 
relative to a post-bake temperature. 

2. A method of manufacturing a semiconductor device 
having inverted stagger type thin-?lm transistors, 

said method comprises the steps of: 

depositing a ?rst conductive ?lm on an insulating 

surface; 
forming a ?rst photo resist pattern on the ?rst conduc 

tive ?lm; 

dry-etching the ?rst conductive ?lm to form a gate 
electrode; 

depositing a gate insulating ?lm on the gate electrode; 

depositing a ?rst semiconductor ?lm on the gate insu 
lating ?lm; 

depositing a one conductivity type second semiconduc 
tor ?lm on the ?rst semiconductor ?lm; 

depositing a second conductive ?lm on the one con 
ductivity type second semiconductor ?lm; 

forming a second photo resist pattern on the second 
conductive ?lm; 

dry-etching the ?rst semiconductor ?lm, the one con 
ductivity type second semiconductor ?lm and the 
second conductive ?lm to form a laminated ?lm 
comprising the ?rst semiconductor ?lm, the one 
conductivity type second semiconductor ?lm and the 
second conductive ?lm; 
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depositing a third conductive ?lm on the laminated ?lm 
pattern; 

forming a third photo resist pattern on the third con 
ductive ?lm; 

etching the third conductive ?lm to form a pixel 
electrode; and 

dry-etching the laminated ?lm to form a channel region 
from the ?rst semiconductor ?lm, to form a source 
region and a drain region from the one conductivity 
type second semiconductor ?lm and to form a source 
electrode and a drain electrode from the second 
conductive ?lm, 

each of the steps of forming the ?rst, the second and the 
third photo resist patterns comprising the steps of: 

coating a photo resist; 

performing a pre-bake; 

performing an exposure; 

performing a development; and 

performing a post-bake, 

Wherein a pre-bake temperature is Within 110° C. 
relative to a post-bake temperature. 

3. A method of manufacturing a semiconductor device 
according to claim 1, Wherein the step of performing the 
exposure comprises performing an exposure using a multi 
Wavelength light. 

4. A method of manufacturing a semiconductor device 
according to claim 1, Wherein the step of performing the 
exposure comprises performing an exposure using an 
equivalent projection exposure apparatus. 

5. A method of manufacturing a semiconductor device, 

said method comprises the steps of: 

depositing a ?rst conductive ?lm on an insulating 

surface; 
forming a ?rst photo resist pattern on the ?rst conduc 

tive ?lm; 

dry-etching the ?rst conductive ?lm to form a ?rst 
pattern; 

depositing a ?rst insulating ?lm on the ?rst pattern; 

depositing a ?rst semiconductor ?lm on the insulating 
the insulating ?lm; 

depositing a one conductivity type second semiconduc 
tor ?lm on the ?rst semiconductor ?lm; 

depositing a second conductive ?lm on the one con 
ductivity type second semiconductor ?lm; 

forming a second photo resist pattern on the second 
conductive ?lm; 

dry-etching the ?rst semiconductor ?lm, the one con 
ductivity type second semiconductor ?lm, and the 
second conductive ?lm to form a second pattern; 

depositing a third conductive ?lm on the second pat 
tern; 

forming a third photo resist pattern on the third con 
ductive ?lm; and 
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etching the third conductive ?lm and the second pattern 
to form a third pattern, 

each of the steps of forming the ?rst, the second and the 
third photo resist patterns comprising the steps of: 

coating a photo resist; 

performing a pre-bake; 

performing an exposure; 

performing a post-exposure bake; 

performing a development; and 

performing a post-bake, 

Wherein a post-exposure bake temperature is equal to or 
greater than a post-bake temperature. 

6. A method of manufacturing a semiconductor device 
having inverted stagger type thin-?lm transistors, 

said method comprises the steps of: 

depositing a ?rst conductive ?lm on an insulating 

surface; 
forming a ?rst photo resist pattern on the ?rst conduc 

tive ?lm; 

dry-etching the ?rst conductive ?lm to form a gate 
electrode; 

depositing a gate insulating ?lm on the gate electrode; 

depositing a ?rst semiconductor ?lm on the gate insu 
lating ?lm; 

depositing a one conductivity type second semiconduc 
tor ?lm on the ?rst semiconductor ?lm; 

depositing a second conductive ?lm on the one con 
ductivity type second semiconductor ?lm; 

forming a second photo resist pattern on the second 
conductive ?lm; 

dry-etching the ?rst semiconductor ?lm, the one con 
ductivity type second semiconductor ?lm and the 
second conductive ?lm to form a laminated ?lm 
comprising the ?rst semiconductor ?lm, the one 
conductivity type second semiconductor ?lm and the 
second conductive ?lm; 

depositing a third conductive ?lm on the laminated 

?lm; 
forming a third photo resist pattern on the third con 

ductive ?lm; 

etching the third conductive ?lm to form a pixel 
electrode; and 

dry-etching the laminated ?lm to form a channel region 
from the ?rst semiconductor ?lm, to form a source 
region and a drain region from the one conductivity 
type second semiconductor ?lm and to form a source 
electrode and a drain electrode from the second 
conductive ?lm, 

each of the steps of forming the ?rst, the second and the 
third photo resist patterns comprising the steps of; 

coating a photo resist; 

performing a pre-bake; 
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performing an exposure; 

performing a post-exposure bake; 

performing a development; and 

performing a post-bake, 

Wherein a post-exposure bake temperature is equal to or 
higher than a post-bake temperature. 

7. A method of manufacturing a semiconductor device 
according to claim 5, Wherein the step of performing the 
eXposure comprises performing an eXposure using a single 
Wavelength light. 

8. A method of manufacturing a semiconductor device 
according to claim 5, Wherein the step of performing the 
eXposure comprises performing an eXposure using a reduc 
tion projection eXposure apparatus. 
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9. A method of manufacturing a semiconductor device 
according to claim 2, Wherein the step of performing the 
eXposure comprises performing an eXposure using a multi 
Wavelength tight. 

10. A method of manufacturing a semiconductor device 
according to claim 2, Wherein the step of performing the 
eXposure comprises performing an eXposure using an 
equivalent projection eXposure apparatus. 

11. A method of manufacturing a semiconductor device 
according to claim 6, Wherein the step of performing the 
eXposure comprises performing an eXposure using a single 
Wavelength light. 

12. A method of manufacturing a semiconductor device 
according to claim 6, Wherein the step of performing the 
eXposure comprises performing an eXposure using a reduc 
tion projection eXposure apparatus. 

* * * * * 


