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(57) ABSTRACT 

A method for manufacturing an LCD including at least tWo 
stacked thin layers in Which the upper thin ?lm smoothly and 
completely covers the loWer thin ?lm includes the steps of 
coating a photo-resist on a patterned layer, patterning the 
photo-resist by exposing and developing the photo-resist 
With a mask Which has lines and spaces in Which a distance 
betWeen the lines is smaller than a resolution of an exposure 
system used and etching the metal layer using the patterned 
photo-resist as a mask. 
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METHOD FOR MANUFACTURING A LIQUID 
CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing a liquid crystal display device (LCD) and more 
speci?cally, to a method for manufacturing an LCD includ 
ing at least tWo stacked thin layers in Which the upper thin 
?lm smoothly and completely covers the loWer thin ?lm and 
in Which a photo-resist layer is formed in a single masking 
step to have a thick portion and a thin portion. 

[0003] 2. Description of the Background Art 

[0004] A thin ?lm type liquid crystal display device 
includes an upper panel, a loWer panel and a liquid crystal 
material inserted therebetWeen. At the outer side of the tWo 
joined plates, polariZing plates are attached. The upper panel 
includes an inner side having a color ?lter and a common 
electrode and an outer side having a polariZing plate. As seen 
in FIGS. 1, 2, 3a and 3b, the loWer panel includes an outer 
side having a polariZing plate and an inner side having a 
plurality of gate bus lines 10 and a gate pad 10a, a plurality 
of data bus lines 20 and data pad 20a, a TFT sWitching 
element C and a pixel electrode 30. 

[0005] The structure of the loWer panel is explained here 
after in detail, referring to FIG. 2 Which shoWs a plan vieW 
of the conventional LCD and FIG. 3a Which shoWs a 
cross-sectional vieW of the conventional LCD. 

[0006] Aplurality of the gate bus lines 10 perpendicularly 
cross a plurality of the data bus lines 20. The TFT sWitching 
element C, Which includes a gate electrode 11 Which is 
derived from the gate bus line 10, a source electrode 21 
Which is derived from the data bus line 20 and a drain 
electrode 22 Which faces the source electrode 21, is disposed 
at the intersection portion of the gate bus line 10 and the data 
bus line 20. A pixel electrode 30 connected to the drain 
electrode 22 and an output electrode of the TFT C are 
formed in the area surrounded by the gate line 10 and the 
source line 20. 

[0007] The process of manufacturing the loWer panel of 
the conventional LCD is explained hereinafter. 

[0008] A ?rst metal layer is formed by depositing alumi 
num or aluminum alloy on a transparent substrate 1. A 
plurality of gate bus lines 10, a gate pad 10a and a gate 
electrode 11 derived from the gate bus line 10 are formed by 
etching the ?rst metal layer. A gate insulating layer 12 Which 
has a good adhesive property With an amorphous silicon and 
a high insulating property, such as SiNX or SiOX, is formed 
on the loWer panel 1 Which includes the gate bus line 10, the 
gate electrode 11 and the gate pad 10a. On the gate insu 
lating layer 12, an amorphous silicon and an n+ type 
impurity doped amorphous silicon are sequentially depos 
ited and patterned to form an intrinsic semiconductor layer 
15 and a doped semiconductor layer 16 (or an ohmic contact 
layer). A second metal layer is formed on the entire surface 
of the substrate, and is formed of aluminum or aluminum 
alloy. The second metal layer is patterned to form a plurality 
of data bus lines 20 Which perpendicularly cross the gate bus 
lines 10, a data pad 20a Which is disposed at the each end 
of the data bus line 10, a source electrode 21 Which is 
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derived from the data bus line 20 and a drain electrode 22 
Which faces the source electrode 21. As a result, a TFT 
sWitching element including the gate electrode 11, the semi 
conductor layers 15 and 16, the source electrode 21 and the 
drain electrode 22 is completed. 

[0009] On the substrate including the gate bus line 10, the 
data bus line 20, the gate pad 10a, the data pad 20a and the 
sWitching element, a passivation layer 23 is formed using 
SiNX, SiOX or BCB(benZocyclobutene). A contact hole is 
formed by removing some portion of the passivation layer 
23 Which covers the drain electrode 22 to expose some 
portions of the drain electrode 22. An ITO(Indium Tin 
Oxide) layer is deposited on the passivation layer 23 via a 
sputtering method. A pixel electrode 30 is formed by pat 
terning the ITO layer. The pixel electrode 30 is connected to 
the drain electrode 22 through the contact hole. 

[0010] The method of manufacturing the conventional 
LCD includes many processes of forming thin layers Which 
are stacked on each other and in Which the thin layers are 
deposited and patterned via a mask process. The LCD 
according to this conventional method has a stacked struc 
ture as shoWn in FIG. 3a so that the gate bus line 10 and the 
data bus line 20, the gate electrode 11 and the data electrode 
21, the pixel electrode 30 and the drain electrode 22 cross 
each other. 

[0011] In this stacked structure, the cross-sectional shape 
of the loWer layer is a main factor for determining the 
deposited state of the upper layer. If the cross sectional shape 
of the loWer layer has an inverse tapered shape or a shoulder, 
the upper layer deposited thereon has discontinued or 
unstable portions. 

[0012] For example, as shoWn in FIG. 3b, the cross 
sectional shape of the drain electrode 22 determines hoW the 
passivation layer 23 and the pixel electrode 30 Will be 
deposited thereon. When the cross-sectional shape of the 
drain electrode 22 has an inverse tapered shape, the passi 
vation layer 23 has a shoulder 24 or crack formed therein. At 
these portions having the shoulder 24 or the cracks, the pixel 
electrode 30 When deposited has a greatly reduced thickness 
or is even discontinued at this portion. Furthermore, When 
the pixel electrode is patterned by using an etchant on the 
cracked passivation layer, the drain electrode can be dam 
aged by the etchant as it spreads or percolates through the 
cracks. 

SUMMARY OF THE INVENTION 

[0013] To overcome the problems described above, the 
preferred embodiments of the present invention provide a 
method of forming stacked thin layers in Which intersecting 
portions of the stacked thin layers have a smoothly tapered 
cross-sectional shape to prevent formation of cracked or 
discontinued portions. In addition, preferred embodiments 
of the present invention provide a method of manufacturing 
an LCD in Which a photo-resist layer having different 
thicknesses is formed in a single masking step. 

[0014] According to one preferred embodiment of the 
present invention, a method of manufacturing a semicon 
ductor device includes the steps of providing a substrate, 
forming a layer on the substrate, coating a photoresist on the 
layer, and exposing and developing the photo-resist using 
only a single mask such that the photo-resist has a pattern 
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including a thick portion and thin portion. The single mask 
used in this preferred embodiment preferably includes a 
plurality of lines and spaces betWeen the lines, Wherein a 
distance betWeen the lines of the mask is less than a 
resolution of a system used for exposing the photo-resist. 

[0015] In another preferred embodiment of the present 
invention, a method of manufacturing a semiconductor 
device includes the steps of providing a substrate, forming 
a layer on the substrate, coating a photo-resist on the layer, 
and performing a single masking step to develop the photo 
resist such that the photo-resist has a thick portion and a thin 
portion. In this preferred embodiment, the single mask step 
is done using a mask that includes a plurality of lines and 
spaces betWeen the lines, Wherein a distance betWeen the 
lines of the mask is less than a resolution of a system used 
for exposing the photo-resist. 

BRIEF DESCRIPTION OF THE ATTACHED 
DRAWINGS 

[0016] The present invention Will become more fully 
understood from the detailed description of preferred 
embodiments provided hereinafter and by the accompanying 
draWings Which are by Way of illustration and therefore not 
limitative of the present invention and Wherein: 

[0017] FIG. 1 is a circuit diagram of the loWer panel of a 
conventional liquid crystal display device; 

[0018] FIG. 2 is a plan vieW shoWing the loWer panel of 
the conventional liquid crystal display device; 

[0019] FIG. 3a is a cross-sectional vieW along the line 
A-A of the FIG. 2; 

[0020] FIG. 3b is a cross-sectional vieW along the line 
B-B of the FIG. 2; 

[0021] FIG. 4 shoWs a mask pattern including lines and 
spaces according to a preferred embodiment of the present 
invention; 
[0022] FIG. 5 shoWs a patterned photo-resist on a metal 
layer using the mask Which include lines and spaces accord 
ing to a preferred embodiment of the present invention; 

[0023] FIGS. 6a-6i shoW cross-sectional vieWs for illus 
trating a process of forming a liquid crystal display device 
according to a preferred embodiment of the present inven 
tion; 
[0024] FIG. 7 is a cross-sectional vieW along the line B-B 
of the FIG. 2 according to a preferred embodiment of the 
present invention; and 

[0025] FIGS. 86l-8C shoW cross-sectional vieWs for 
explaining an exposing process for the photo-resist by using 
a mask Which includes lines and spaces and an etching 
process for the metal layer by using the photoresist accord 
ing to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] Referring to the Figures, some preferred embodi 
ments of the present invention Will be explained in detail. 
FIGS. 6a-6i are cross-sectional vieWs Which shoW a method 
of manufacturing an LCD panel according to a preferred 
embodiment of the present invention. 
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[0027] On a transparent substrate 100, aluminum or alu 
minum alloy are applied to form a ?rst metal layer 110‘ as 
shoWn in FIG. 6a. Aphoto-resist is coated on the ?rst metal 
layer 110‘. The photo-resist is patterned by using a novel 
mask. More particularly, the mask includes lines separated 
by spaces and the lines are arranged such that a distance 
betWeen adjacent lines is smaller than a resolution of an 
exposure system used With the mask in the step of exposing 
the photo-resist. The lines and spaces of the mask are 
preferably located at the edge portions of the pattern of the 
mask. Generally, the exposure system has the resolution of 
3-4 pm(FX-510D : Nikon of Japan 2.4 pm(independent), 3 
pm(L/S)). Therefore, the mask shoWn in FIG. 4 preferably 
has comb pattern of lines and spaces in Which a plurality of 
lines 510 having a Width of about 1 pm and a space 520 
having a Width of about 0.5 pm is formed therebetWeen. 

[0028] The ?rst metal layer 110‘ is patterned according to 
the photo-resist pattern disposed thereon to form a plurality 
of gate lines, a gate pad and a gate electrode 110 derived 
from the gate bus line as shoWn in FIG. 6b. After the ?rst 
metal layer 110‘ is etched, the remaining photo-resist thereon 
is removed. 

[0029] A gate insulating layer 120 is deposited on the 
substrate 100 including the gate electrode 110 using an 
insulating material having a high insulating property and a 
good adhesive property such as SiNX or SiOX, as shoWn in 
FIG. 6c. 

[0030] An amorphous silicon 150‘ and an n+ type impurity 
doped amorphous silicon 160‘ are sequentially deposited on 
the gate insulating layer 120 as shoWn in FIG. 6d. 

[0031] The amorphous silicon 150‘ and the n+ impurity 
doped amorphous silicon 160‘ layers are patterned to form 
an intrinsic semiconductor layer 150 and a doped semicon 
ductor layer (or ohmic contact layer) 160 as shoWn in FIG. 
66. 

[0032] Asecond metal layer 200 is deposited on the doped 
semiconductor layer 160. A photo-resist is deposited on the 
second metal layer 200. The photo-resist is patterned using 
a mask Which has lines and spaces, Wherein a distance 
betWeen adjacent lines is less than the resolution of the 
exposure system used for exposing the photo-resist. The 
lines and spaces of the mask are preferably located at the 
edge portions of the pattern of the mask. The mask, as 
mentioned above, preferably has lines and spaces arranged 
to de?ne a comb pattern, in Which a plurality of lines 510 
have a Width of about 1 pm and a space 520 having a Width 
of about 0.5 pm. Such a novel mask is used for developing 
and exposing the photoresist as shoWn in FIG. 6f. 

[0033] The second metal layer 200 is patterned according 
to the photoresist 112 patterned thereon to form a plurality 
of data bus lines, a data pad and a source electrode 210 
derived from the gate bus line and a drain electrode 220 
Which faces the source electrode 210 as shoWn in FIG. 6g. 

[0034] Apassivation layer 230 Which covers the substrate 
100 including the source electrode 210 and the drain elec 
trode 220 as shoWn in FIG. 6h. 

[0035] A contact hole 231 is formed by patterning the 
passivation layer 230 to expose some portions of the drain 
electrode 220. An ITO(Indium Tin Oxide) is deposited on 
the patterned passivation layer 230. The ITO layer is pat 
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terned to form a pixel electrode 300 contacting the drain 
electrode 220 through the contact hole 231 as shoWn in FIG. 
6i. 

[0036] According to preferred embodiments of the present 
invention, When a step of exposing is performed, the amount 
of the UV(Ultra Violet) light is controlled by using the mask 
500 Which has line and space patterns in Which a Width of 
the lines 510 is about 1 pm and a Width of the spaces 520 is 
about 0.5 pm as shoWn in FIG. 8a. Therefore, the thickness 
of the patterned photo-resist can be controlled. The dl 
portion of the mask 500 blocks the UV light so that the 
photo-resist fully remains. The d2 and d3 portions of the 
mask 500 pass some amount of the UV light through the 
space having a Width of about 0.5 pm, so that some amount 
(thickness) of the photo-resist remains as shoWn in FIG. 8b. 
After the metal layer 110‘ is patterned by using the patterned 
photo-resist 111 as shoWn in FIG. 8b, the patterned metal 
layer 210 is formed as shoWn in FIG. 8c. 

[0037] The preferred embodiments of the present inven 
tion provide a method of manufacturing an LCD including 
at least tWo stacked thin layers in Which the upper thin ?lm 
smoothly and completely covers the loWer thin ?lm. Accord 
ing to preferred embodiments of the present invention, a 
mask for patterning the photo-resist Which covers the loWer 
thin layer has lines and spaces arranged such that a distance 
betWeen adjacent lines is less than a resolution of the 
exposure system used With the mask for exposing the 
photo-resist. As a result, a partial amount of the photo-resist 
remains at a location of the line and space pattern. According 
to preferred embodiments of the present invention, a photo 
resist having at least tWo different thickness portions is 
formed in a single patterning step as shoWn in FIGS. 861-86. 
When the loWer thin layer is etched With the patterned 
photo-resist, the cross-sectional shape of the loWer thin layer 
has a smoothly tapered shape With a smooth inclined contour 
instead of steep sloped shape and Without a shoulder. There 
fore, the upper thin layer deposited on the loWer thin layer 
smoothly covers the loWer thin layer With uniform thickness 
as shoWn in FIG. 7. As a result, the upper thin layer does not 
have any cracks or discontinued portions. Furthermore, the 
loWer thin layer can be perfectly covered by the upper thin 
layer so as not to be damaged by any etchant used for 
forming any thin layer deposited thereon later. 

[0038] The invention being described above, it should be 
apparent that this invention may be varied in many Ways. 
Such variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such modi? 
cations obvious to one in the skilled art are intended to be 
included Within the scope of the folloWing claims. 

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

comprising the steps of: 

providing a substrate; 

forming a layer on the substrate; 

forming a photo-resist on the layer; and 

exposing and developing the photo-resist using only a 
single mask such that the photo-resist has a pattern 
including a thick portion and a thin portion. 

2. The method according to claim 1, Wherein the mask 
includes a plurality of lines and spaces betWeen the lines, 

Nov. 15, 2001 

Wherein a Width of each of the plurality of lines of the mask 
is less than a resolution of a system used for exposing the 
photo-resist. 

3. The method according to claim 1, Wherein the mask 
includes a plurality of lines and spaces betWeen the lines, 
Wherein a Width of each of the plurality of spaces of the 
mask is less than a resolution of a system used for exposing 
the photo-resist. 

4. The method according to claim 2, Wherein a Width of 
the line of the mask is about 1 pm. 

5. The method according to claim 3, Wherein a Width of 
the space of the mask is about 0.5 pm. 

6. The method according to claim 1, Wherein the layer is 
an insulating layer. 

7. The method according to claim 1, Wherein the layer is 
a metal layer. 

8. The method according to claim 1, Wherein the exposing 
and developing of the photo-resist is done by performing a 
single masking step. 

9. A method of manufacturing a semiconductor device 
comprising the steps of: 

providing a substrate; 

forming a layer on the substrate; 

forming a photo-resist on the layer; and 

performing a single masking step to develop the photo 
resist such that the photo-resist has a thick portion and 
a thin portion. 

10. The method according to claim 9, Wherein the step of 
performing the single mask step is done using a single mask 
and the mask includes a plurality of lines and spaces 
betWeen the lines, Wherein a Width of each of the lines of the 
mask is less than a resolution of a system used for exposing 
the photo-resist. 

11. The method according to claim 9, Wherein the step of 
performing the single mask step is done using a single mask 
and the mask includes a plurality of lines and spaces 
betWeen the lines, Wherein a Width of each of the spaces of 
the mask is less than a resolution of a system used for 
exposing the photo-resist. 

12. The method according to claim 10, Wherein a Width of 
the line of the mask is about 1 pm. 

13. The method according to claim 11, Wherein a Width of 
the space of the mask is about 0.5 pm. 

14. The method according to claim 8, Wherein the layer is 
an insulating layer. 

15. The method according to claim 8, Wherein the layer is 
a metal layer. 

16. A method of manufacturing a liquid crystal display 
comprising the steps of: 

providing a substrate; 

forming a layer on the substrate; 

forming a photo-resist on the layer; and 

exposing and developing the photo-resist using only a 
single mask such that the photo-resist has a pattern 
including a thick portion and a thin portion. 

17. The method according to claim 16, Wherein the step 
of performing the single mask step is done using a single 
mask and the mask includes a plurality of lines and spaces 
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between the lines, Wherein a Width of each of the lines of the 
mask is less than a resolution of a system used for exposing 
the photo-resist. 

18. The method according to claim 16, Wherein the step 
of performing the single mask step is done using a single 
mask and the mask includes a plurality of lines and spaces 
betWeen the lines, Wherein a Width of each of the spaces of 
the mask is less than a resolution of a system used for 
eXposing the photo-resist. 

19. The method according to claim 17, Wherein a Width of 
the line of the mask is about 1 pm. 

20. The method according to claim 18, Wherein a Width of 
the space of the mask is about 0.5 pm. 

21. The method according to claim 16, Wherein the layer 
is an insulating layer. 

22. The method according to claim 16, Wherein the layer 
is a metal layer. 

23. The method according to claim 16, Wherein the 
eXposing and developing of the photo-resist is done by 
performing a single masking step. 

24. A method of manufacturing a liquid crystal display 
comprising the steps of: 

providing a substrate; 

forming a layer on the substrate; 

forming a photo-resist on the layer; and 
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performing a single masking step to develop the photo 
resist such that the photo-resist has a thick portion and 
a thin portion. 

25. The method according to claim 24, Wherein the step 
of performing the single mask step is done using a single 
mask and the mask includes a plurality of lines and spaces 
betWeen the lines, Wherein a Width of each of the lines of the 
mask is less than a resolution of a system used for eXposing 
the photo-resist. 

26. The method according to claim 24, Wherein the step 
of performing the single mask step is done using a single 
mask and the mask includes a plurality of lines and spaces 
betWeen the lines, Wherein a Width of each of the spaces of 
the mask is less than a resolution of a system used for 
eXposing the photo-resist. 

27. The method according to claim 25, Wherein a Width of 
the line of the mask is about 1 pm. 

28. The method according to claim 26, Wherein a Width of 
the space of the mask is about 0.5 pm. 

29. The method according to claim 24, Wherein the layer 
is an insulating layer. 

30. The method according to claim 24, Wherein the layer 
is a metal layer. 


