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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD TO WHICH THE 
INVENTION BELONGS 

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 manufacturing the same. 
The semiconductor device includes, for example, an electro 
optical device such as a liquid crystal display formed of TFTs. 
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 semi 
conductor device. 

PRIOR ART 

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. 

In the electro-optical device including such a liquid crystal 
display with the active matrix display, high de?nition, 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. 

The above-mentioned inverted stagger type TFT is basi 
cally advantageous of low cost, since a low cost glass sub 
strate 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 effec 
tive 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, reduc 
ing the number of photo masks is considered for shortening 
the process. 
A normal photolithography step using diazo naphtho 

quinone (DNQ)-Novolac resin based positive photo resist, 
and an etchings step such as dry etching and wet etching are 
applied in the patterning step to he reduced. 

In the normal photolithography step consisting of a com 
bination of the diazo naphthoquinone (DNQ)-Novolac resin 
based positive photo resist and a reduction projection expo 
sure apparatus (also referred to as a stepper) which is a single 
wavelength (g-ray and i-ray of high-pressure mercury-vapor 
lamp) exposure apparatus, it has been apparent that ?uctua 
tion in taper angle of the resist pattern occurs due to variation 
in size of the resist pattern. Namely, the resist shape of a ?ne 
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2 
pattern (about 0.3-3 pm) is a good rectangular 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). 

Since the above phenomenon occurs under a process con 
dition, 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 devel 
opment is higher than the PEB temperature, the phenomenon 
is considered to be caused due to evacuation of residual sol 
vent from the resist pattern at the post-bake. Also, in a pho 
tolithography 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 temperature and the 
post-bake temperature. 

In producing the inverted stagger type TFT with a bottom 
gate structure, while the photolithography step without 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?u 
ences the etched shape, and thus is a critical problem. 

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. 

In light of the above problem, in a photolithography 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 companies, and the 
details are disclosed in Japanese Patent Application Laid 
open No. Hei 09-54438. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an semi 
conductor device forrned of inverted stagger type TFTs and a 
method of manufacturing the same, which can solve the 
above described problems. 

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 naphthoquinone 
(DNQ)-Novolac resin based positive photo resist. In particu 
lar, it is an object of the present invention to the area depen 
dence 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. 
(Means for Solving Photo Resist Pattern Deformation) 

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. 
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 photolithog 
raphy step with diazo naphthoquinone (DNQ)-Novolac resin 
based positive photo resist. Since this pattern deformation 
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dose not occur in ?ne pattern (about 3 82 m 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). 

The problem of the area dependence of the photo resist 
pattern side wall taper angle is found in other companies, and 
the details are disclosed in Japanese Patent Application Laid 
open No. Hei 09-54438. 

In patterning the photo resist pattern shown in FIG. 1, a 
reduction projection exposure apparatus is used as an expo 
sure 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 pro 
cess 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. 
As described above, the photo resist pattern deformation 

with variation of side wall taper angle occurs in a photoli 
thography step applying the PEB process between exposure 
and development, i.e., in a sequence of photo processes con 
sisting of a photo resist coating—>pre-bake (90° C. for one 
minute)Qexposure (using the reduction projection exposure 
apparatus)-PEB (110° C. for three minutes)Qdevelopment, 
and post-bake (120° C. for four minutes). In the photo pro 
cess, 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 soft 
ening of the photo resist. Therefore, factors of the photo resist 
pattern deformation other than the thermal softening are dis 
cussed as described below (see FIG. 1). 

In the normal photolithography step consisting of a com 
bination of the diazo naphthoquinone (DNQ)-Novolac resin 
based positive photo resist and a reduction projection expo 
sure apparatus (also referred to as a stepper) which is a single 
wavelength (g-ray and i-ray of high-pressure mercury, -vapor 
lamp) exposure apparatus, it is considered that volume con 
traction 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. 

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 mea 
sured by means of a measurement SEM (see FIGS. 2A and 

2B). 
FIG. 2A is a plot of PEB temperature (horizontal axis) and 

pattern edge width (pm). In Fill. 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 ever, 
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 tem 
perature, and it was ob served that it is tended to be stable at the 
higher PEB temperature than that close to post-bake tempera 
ture (120° C.), i.e., the pattern deformation with variation in 
the side wall taper angle of the large area resist pattern due to 
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4 
volume contraction phenomenon is reduced in a region at the 
higher temperature region than that close to post-bake tem 
perature (120° C.). 

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). 

Accordingly, it is demonstrated that the pattern deforma 
tion 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). 

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 interference 
fringes on the post-development resist pattern side wall basi 
cally 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). 

In practice, in a photolithography step for an inverted stag 
ger 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 coatinngre 
bakeaexposureadevelopmentapost-bake is generally 
used. 

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 temperatures. 

Based on the above discussion, in the photolithography 
step without PEB process, deformation of the photo resist 
pattern shape was measured as changing the pre-bake tem 
perature (90° C., 110° C., and 130° C. -1.5 minutes) with the 
post-bake temperature being ?xed (140° C. -two minutes). 
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. 

FIGS. 3A-3C are SEMI photographs of the resist pattern 
cross-section, at pre-bake temperature 90° C. (FIG. 3A), 1 10° 
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 develop 
ment 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 defor 
mation 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. 

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 tem 
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perature 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. How 
ever, 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 excessively reduced for 
adherence of the photo resist pattern to the underlying sub 
strate. From this point, the pre-bake temperature was mea 
sured 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. 
From the above discussion, for controlling variation 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 prefer 
ably accelerated in the state of the resist ?lm before patterning 
in the development process, because volume contraction phe 
nomenon is reduced due to evacuation solvent at the post 
bake baking only the resist pattern. Speci?cally, for the pro 
cess 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. 

Accordingly, in accordance with the present invention, 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 con 
traction occurred by evacuation of solvent from the photo 
resist pattern at the post-bake. 

In the photolithography step using diazo naphthoquinone 
(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. 

In the photolithography step using diazo naphthoquinone 
(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 restricting the PEB 
temperature so as to be equal to or higher than the post-bake 
temperature. 
(Method of Manufacturing a Semiconductor Device) 

In a method of manufacturing a semiconductor device hav 
ing 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. 
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 conductive ?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 semi 
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6 
conductor ?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 eighth step of forming a resist pattern 
on the second conductive ?lm, a ninth step of dry-etching the 
?rst semiconductor ?lm, the one conductivity type second 
semiconductor ?lm, and the second conductive ?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, 

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). 

Alternatively, a method of manufacturing a semiconductor 
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 conduc 
tive ?lm to form a gate electrode, a fourth step of forming a 
?rst insulating ?lm on the gate electrode, a ?fth step of form 
ing a ?rst semiconductor ?lm on the ?rst insulating ?lm, a 
sixth step of forming a one conductivity type second semi 
conductor ?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 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 conductive ?lm on the source wiring and the 
active layer, 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 pixel electrode. 

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 semi 
conductor ?lm and the one conductivity type second semi 
conductor ?lm. According to a pattern forming by the twelfth 
step, while the pixel electrode is formed of the third conduc 
tive ?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. 

In such a method of manufacturing a semiconductor 
device, each of the second, the eighth and the eleventh steps 
includes the steps of resist coating, pre-baking, exposing, 
developing, and post-baking, characterized in that difference 
between the pre-bake temperature and the post-bake tempera 
ture is within 110° C. 
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, characterized in that 
the pre-bake temperature is within 110° C. relative to the 
post-bake temperature. 

Alternatively, each of the second, the eighth and the elev 
enth steps includes the steps of resist coating, pre-baking, 
exposing, post-exposure baking, developing, and post-bak 
ing, characterized in that difference between the post-expo 
sure bake temperature and the post-bake temperature is 
within 110° C. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 An SEM photograph illustrating deformation of a 
resist shape in a conventional large area resist pattern. 
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FIG. 2AA graph illustrating PEB temperature dependence 
of the dimension of a large area resist pattern edge in accor 
dance with the present invention. 

FIG. 2B An SEM photograph speci?cally illustrating mea 
surement position shown in FIG. 2A. 

FIGS. 3A-3C SEM photographs of the resist pattern shapes 
in an equivalent projection expo sure apparatus (MPA) in 
accordance with the present invention. 

FIGS. 4A-4D Cross-sectional views illustrating the struc 
ture of an inverted stagger type TFT and a method of manu 
facturing the same in accordance with the present invention. 

FIGS. 5A and 5B Cross-sectional views illustrating the 
structure of an inverted stagger type TFT and a method of 
manufacturing the same in accordance with the present inven 
tion. 

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 

The present invention relates to a structure of an inverted 
stagger type TFThaving a bottom gate structure and a method 
of manufacturing the same, characterized in that, by restrict 
ing a bake condition between a pre-bake temperature or PEB 
temperature and a post-bake temperature in a photolithogra 
phystep, 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 structure of the inverted stagger 
type TFT and the method of manufacturing the same in accor 
dance with the present invention are described below with 
reference to FIGS. 4A-4D, FIGS. 5A-5B and FIG. 6. 

It is to be noted that FIGS. 4A-4D and FIGS. 5A-5B are 
cross-sectional views illustrating a manufacturing 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, respectively. In FIGS. 
4A-4D and FIGS. 5A-5B, a terminal portion, a pixel TFT 
portion and a capacitor portion are shown from the left side. 

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 101such 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 preferably made from 
a low-resistance metal, such as Al (aluminum). However, 
since Al alone has problems such as less heat-resistance and 
susceptibility to corrosion, the ?rst conductive ?lm is gener 
ally 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 material, and a three-layer struc 
ture in which a low-resistance material is sandwiched 
between two heat-resistant material, i.e., a three-layer struc 
ture consisting of a heat-resistant material (e.g., Al)/ a low 
resistance material/a heat-resistant material (see FIG. 4A). 

Generally used as a low resistance material is a material 
including Al as its principal component added with Sc (scan 
dium), 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 (titanium), Ta 
(tantalum), W (tungsten), Mo (molybdenum), Cr (chro 
mium), or the like; a metal silicide which is a compound of the 
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8 
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) con 
sisting of Ti (50 um thick)/Al (200 nm thick)/Ti (50 nm thick) 
was deposited by sputtering (see FIG. 4A). 

After forming the conductive layer on the overall surface of 
the transparent substrate 101, a resist mask is formed by a ?rst 
photolithography step (a second step) In the photolithography 
step with PEB process, the bake condition 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 tempera 
ture 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). 

In this embodiment mode, the photolithography step with 
out 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 phenomenon due to the volume 
contraction occurred by evacuation of solvent at the post 
bake. 

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 grate 
wiring 102 (see FIG. 4A). 

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). 

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). 

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 semiconductor ?lm 
106 formed of an amorphous silicon ?lm and having the 
thickness of 100 nm was deposited by sputtering (see FIG. 
4A). 

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 all 
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). 

Next, a second conductive ?lm 108 made from metal mate 
rial is deposited by sputtering (a seventh step). Any metal 
material having ohmic contact characteristics to the underly 
ing second amorphous semiconductor ?lm 107 is non-limited 
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 (tantalum), and Ti 
(titanium), and a laminated layer consisting of the single layer 
?lm. In the embodiment mode, the second conductive ?lm 
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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). 

In this way, the gate insulating ?lm 105a having 50-200 nm 
thickness, the ?rst amorphous semiconductor ?lm 1 06 having 
50-200 nm thickness, the second amorphous semiconductor 
?lm 107 having 20-80 nm thickness containing one conduc 
tivity type (n-type or p-type) impurity element, and the sec 
ond conductive ?lm 108 made from metal material are 
sequentially deposited. As described above, any metal mate 
rial having ohmic contact characteristics to the second amor 
phous semiconductor ?lm 107 is non-limitedly used as mate 
rial of the second conductive ?lm 108 (see FIG. 4A). 

Next, a resist mask 109 with a taper angle being accurately 
controlled is formed by a second photolithography 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 con 
taining 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 con 
taining the impurity element imparting n-type, and the ?rst 
amorphous semiconductor ?lm 110 are sequentially formed 
(see FIG. 4B). 

In the embodiment, the second conductive ?lm 108 having 
a three-layer structure consisting of Ti (100 nm thick)/Al (350 
nm thick)/Ti (100 nm thick) is dry-etched by using the mixed 
gas of SiCl4, C12, 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 OZ. In this case, the gate insulating ?lm 105a 
in the capacitor portion and the terminal portion remains 
without being dry-etched. 

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 semicon 
ductor ?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. 

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 ter 
minal portion. Thereafter, the resist mask (not shown) is 
removed (see FIG. 4C). 

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 (In2O3iSnO2: 
hereafter referred to as ITO) and the others (see FIG. 4D). 

In the embodiment mode, the third conductive ?lm 113 
made of ITO ?lm having a thickness of 100 nm was deposited 
by sputtering. 

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). 

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 tem 
perature. Therefore, the problem of the area dependency of 
the photo resist pattern side wall taper angle is solved which 
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10 
is deformation phenomenon due to the volume contraction 
occurred by evacuation of solvent at the post-bake. 

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 open 
ing reaches the ?rst amorphous semiconductor ?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 semiconduc 
tor ?lm 111 containing an impurity element imparting n-type 
is separated into the source region 116 and the drain region 
117 (see FIG. 5A). 

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-04 etchant), a mixture 
of nitric acid and hydrochloric acid, and ferric chloride solu 
tion are used as etchant. In the embodiment, the third conduc 
tive ?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 semicon 
ductor ?lm 111/ the ?rst amorphous semiconductor ?lm 110. 
In the embodiment, the wiring 112 for forming(y the source 
and, the drain electrodes having a three-layer structure con 
sisting of Ti (100 nm thick)/Al (350 nm thick)/Ti (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 contain 
ing P (phosphorus) element, and the ?rst amorphous semi 
conductor ?lm 110 for forming a channel region consisting of 
an amorphous silicon ?lm having 100 nm thickness were 
dry-etched using ?uorine-based gas (CF 4 and 02.). 
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. 
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 manufacturing steps. 
Also, in the third photolithography step, a storage capacitor 
202 is formed with the capacitor wiring 103 and the pixel 
electrode 120using 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 transpar 
ent 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). 
A plane 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 manufac 
turing 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' (corresponding to the pixel 
TFT portion) and B-B' (corresponding to the capacitor por 
tion) in FIG. 6. 

In the pixel region shown in FIG. 6, a plurality of gate 
wirings 102 positioned in parallel with each other and a 
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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 elec 
trode 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. 

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 dielectric. 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). 

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 naph 
thoquinone (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 po st-bake temperature. Therefore, an excellent 
photo resist pattern is formed without deformation phenom 
enon 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 depen 
dency of the photo resist pattern side wall taper angle. 
As described above, the inverted stagger type TFT having 

the bottom gate structure of the present invention is manufac 
tured using photo masks three times, and thus, it is character 
ized 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 po st-bake tempera 
ture, while without the PEB process, the bake condition is 
restricted so that the pre-bake temperature is equal 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 arc recited below. 
(Advantage I) 

In the manufacturing process of the semiconductor device 
having inverted stagger type TFTs, for the case of applying a 
photolithography step using diazo naphthoquinone (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 tem 
perature, 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 po st-bake tempera 
ture. 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. 
(Advantage 2) 

In the photolithography step which is a manufacturing 
process of the semiconductor device having inverted stagger 
type TFTs, since the problem of the area dependency of the 
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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, 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. Accordingly, stabilization of 
the photo resist pattern side wall taper angle may advanta 
geously affect stabilization of the etching shape. 
(Advantage 3) 

In the dry-etching step of the manufacturing process 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. 
(Advantage 4) 

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. 

What is claimed is: 
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 conductive 

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 ?rst insulating 

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

depositing a second conductive ?lm on the one conductiv 
ity type second semiconductor ?lm; 

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

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

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

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 after coating the photo resist; 
performing an exposure after performing the pre-bake; 
performing a development after the exposure; and 
performing a post-bake after the development, 

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 conductive 

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

depositing a gate insulating ?lm on the gate electrode; 
depositing a ?rst semiconductor ?lm on the gate insulating 
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depositing a one conductivity type second semiconductor 
?lm on the ?rst semiconductor ?lm; 

depositing a second conductive ?lm on the one conductiv 
ity-type second semiconductor ?lm; 

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

dry-etching the ?rst semiconductor ?lm, the one conduc 
tivity type second semiconductor ?lm and the second 
conductive ?lm to form a laminated ?lm comprising the 
?rst semiconductor ?lm, the one conductivity type sec 
ond semiconductor ?lm and the second conductive ?lm; 

depositing a third conductive ?lm on the laminated ?lm 
pattern; 

forming a third photo resist pattern on the third conductive 

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 elec 
trode 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 after coating the photo resist; 
performing an exposure after performing the pre-bake; 
performing a development after performing the expo 

sure; and 
performing a post-bake after performing the develop 

ment, 
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 equiva 
lent 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 conductive 

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 semiconductor 
?lm on the ?rst semiconductor ?lm; 

depositing a second conductive ?lm on the one conductiv 
ity type second semiconductor ?lm; 

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

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

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

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: 
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coating a photo resist; 
performing a pre-bake after coating the photo resist; 
performing an exposure after performing the pre-bake; 
performing a post-exposure bake after performing the 

exposure; 
performing a development after performing the post 

exposure bake; and 
performing a post-bake after performing the develop 

ment, 
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 conductive 

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

trode; 
depositing a gate insulating ?lm on the gate electrode; 
depositing a ?rst semiconductor ?lm on the gate insulating 

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

depositing a second conductive ?lm on the one conductiv 
ity type second semiconductor ?lm; 

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

dry-etching the ?rst semiconductor ?lm, the one conduc 
tivity type second semiconductor ?lm and the second 
conductive ?lm to form a laminated ?lm comprising the 
?rst semiconductor ?lm, the one conductivity type sec 
ond 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 conductive 

?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 elec 
trode 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 after coating the photo resist; 
performing an exposure after performing the pre-bake; 
performing a post-exposure bake after performing the 

exposure; 
performing a development after performing the post 

exposure; and 
performing a post-bake after performing the develop 

ment, 
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 light. 

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 equiva 
lent 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. 

13. A method ofmanufacturing a semiconductor device, 
said method comprising the steps of' 
forming a conductive ?lm on an insulating surface; 

forming aphoto resist on the conductive?lm; 
pre-baking the photo resist at a ?rst temperature; 
performing an exposure to the photo resist after pre-baking 

the photo resist; 
performing a development after the exposure; 
post-baking the photo resist at a second temperature after 

the development; and 
etching the conductive ?lm by using the post-baked photo 

resist toform a wiring having a taperportion, 
wherein the ?rst temperature is within 110° C. relative to 

the second temperature. 
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14. A method of manufacturing a semiconductor device 

according to claim 13, wherein the step ofperforming the 
exposure comprises performing an exposure using a multi 
wavelength light. 

15. A method of manufacturing a semiconductor device 
according to claim 13, wherein the step ofperforming the 
exposure comprises performing an exposure using an equiva 
lent projection exposure apparatus. 

16. A method of manufacturing a semiconductor device, 
said method comprising the steps of' 
forming a conductive ?lm on an insulating surface; 
coating a photo resist on the conductive ?lm; 
pre-baking the photo resist at a ?rst temperature; 
performing an exposure to the pre-baked photo resist; 
performing a post-exposure bake to the photo resist at a 

second temperature; 
performing a development to the post-exposure baked 

photo resist; 
post-baking the developed photo resist at a third tempera 

ture; and 
etching the conductive ?lm by using the post-baked photo 

resist toform a wiring having a taperportion, 
wherein the second temperature is equal to or greater than 

the third temperature. 
17. A method of manufacturing a semiconductor device 

according to claim 16, wherein the step ofperforming the 
exposure comprises performing an exposure using a single 
wavelength light. 

18. A method of manufacturing a semiconductor device 
according to claim 16, wherein the step ofperforming the 
exposure comprises performing an exposure using a reduc 
tion projection exposure apparatus. 

* * * * * 
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