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THIN FILMITRANSISTOR ARRAY PANEL 
AND MANUFACTURING METHOD 

THEREOF 

BACKGROUND 

(a) Field of the Invention 
The present invention relates to a thin film transistor array 

panel and a manufacturing method thereof. 
(b) Description of Related Art 
An active type display device, such as a liquid crystal 

display (LCD) or an organic light emitting diode (OLED) 
display, includes a plurality of pixels arranged in a matrix, 
each pixel including field generating electrodes and Switch 
ing elements. The Switching elements include thin film tran 
sistors (TFTs) having three terminals, a gate, a source, and a 
drain. The TFT of each pixel selectively transmits data signals 
to the field-generating electrode in response to gate signals. 

The display device further includes a plurality of signal 
lines for transmitting signals to the Switching elements, which 
include gate lines transmitting gate signals and data lines 
transmitting data signals. 

The LCD and the OLED include a panel provided with the 
TFTs, the field-generating electrodes, and the signal lines, 
which is referred to as a TFT array panel. 

The TFT array panel has a layered structure that includes 
several conductive layers and insulating layers. The gate 
lines, the data lines, and the field-generating electrodes are 
formed using various conductive layers separated by insulat 
ing layers. 
The TFT array panel having the layered structure is manu 

factured using several lithography steps followed by etching 
steps. Since lithography requires cost and time, it is desirable 
to reduce the number of the lithography steps used in manu 
facturing the TFT array panel. 

SUMMARY 

A method of manufacturing a thin film transistor array 
panel is provided, which includes: forming a gate line on a 
Substrate; forming a gate insulating layer on the gate line; 
forming a semiconductor layer on the gate insulating layer, 
forming an ohmic contact on the semiconductor layer, form 
ing a data line and a drain electrode on the ohmic contact; 
depositing a passivation layer on the data line and the drain 
electrode; forming a first photoresist layer on the passivation 
layer, etching the passivation layer and the gate insulating 
layer using the first photoresist layer as a mask to expose a 
portion of the drain electrode and a portion of the substrate; 
depositing a conductive film; removing the photoresist layer; 
to form a pixel electrode on the portion of the drain electrode 
exposed by the etching of the passivation layer. 
The conductive film may include a first portion disposed on 

the first photoresist layer and a remaining second portion, and 
the removal of the photoresist layer may remove the first 
portion of the conductive film by lift off. 
The pixel electrode may directly contact the substrate at 

least in part and the exposed portion of the Substrate may 
enclose the exposed portion of the drain electrode. The 
exposed portion of the drain electrode and the exposed por 
tion of the Substrate may occupy an area defined by the gate 
line and the data line. 
The etching of the passivation layer may expose a portion 

of the data line, and the method may further include: forming 
a contact assistant on the exposed portion of the data line. 
The formation of the contact assistant may be performed 

simultaneously with the formation of the pixel electrode. 
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2 
The formation of the gate insulating layer, the formation of 

the semiconductor layer, the formation of the ohmic contact, 
and the formation of the data lines and the drain electrodes 
may include: sequentially depositing a gate insulating layer, 
an intrinsic amorphous silicon layer, an extrinsic amorphous 
silicon layer, and a data conductor layer, forming a second 
photoresist layer on the data conductor layer; sequentially 
etching the data conductor layer, the extrinsic amorphous 
silicon layer, and the intrinsic amorphous silicon layer using 
the second photoresist layer as a mask to form a data conduc 
tor, an extrinsic semiconductor layer, and an intrinsic semi 
conductor layer; transforming the second photoresist layer 
into a third photoresist layer; and etching the data conductor 
and the extrinsic semiconductor layer to form the data line 
and the drain electrode and ohmic contacts. 
The second photoresist layer may be formed by using a 

photo mask including a light blocking area, a translucent area, 
and a light transmitting area. 
The partial removal of the second photoresist layer to form 

the third photoresist layer may include ashing. 
The formation of the gate insulating layer, the formation of 

the semiconductor layer, the formation of the ohmic contact, 
the formation of the data lines, and the formation of the drain 
electrodes may be performed using a single lithography step. 
The data line and the drain electrode may include Mo or Cr 

and the pixel electrode may include amorphous ITO or IZO. 
A method of manufacturing a thin film transistor array 

panel is provided, which includes: forming a gate line on a 
Substrate; forming a gate insulating layer on the gate line; 
forming a semiconductor layer on the gate insulating layer; 
forming an ohmic contact on the semiconductor layer, form 
ing a data line and a drain electrode on the ohmic contact; 
depositing a passivation layer on the data line and the drain 
electrode; forming a first photoresist layer, etching the passi 
Vation layer and the gate insulating layer using the first pho 
toresist layer as a mask to expose a portion of the Substrate; 
partially removing the first photoresist layer to form a second 
photoresist layer, etching the passivation layer using the sec 
ond photoresist layer as a mask to expose a portion of the 
drain electrode; depositing a conductive film; and removing 
the second photoresist layer to form a pixel electrode on the 
portion of the drain electrode exposed by the etching of the 
passivation layer. 
The first photoresist layer may be formed by using a photo 

mask including a light blocking area, a translucent area, and 
a light transmitting area. 
The partial removal of the first photoresist layer to form the 

second photoresist layer may comprise ashing. 
The semiconductor layer, the ohmic contact, the data line, 

and the drain electrode may be formed using a single lithog 
raphy step. 
The conductive film may include a first portion disposed on 

the second photoresist layer and a remaining second portion, 
and the removal of the second photoresist layer may remove 
the first portion of the conductive film by lift off. 
The pixel electrode may directly contact the substrate and 

the gate insulating layer at least in part. 
The etching of the passivation layer using the second pho 

toresist layer as a mask may expose a portion of the gate 
insulating layer, and an area defined by the gate line and the 
data line may be substantially occupied by the exposed por 
tion of the substrate except for the exposed portion of the 
drain electrode and the exposed portion of the gate insulating 
layer. 
The etching of the passivation layer using the second pho 

toresist layer may expose a portion of the data line, and the 
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removal of the second photoresist layer may include: forming 
a contact assistant on the exposed portion of the data line. 
The formation of the gate insulating layer, the formation of 

the semiconductor layer, the formation of the ohmic contact, 
and the formation of the data lines and the drain electrodes 
may include: sequentially depositing a gate insulating layer, 
an intrinsic amorphous silicon layer, an extrinsic amorphous 
silicon layer, and a data conductor layer, forming a third 
photoresist layer on the data conductor layer, sequentially 
etching the data conductor layer, the extrinsic amorphous 
silicon layer, and the intrinsic amorphous silicon layer using 
the third photoresist layer as a mask to form a data conductor, 
an extrinsic semiconductor layer, and an intrinsic semicon 
ductor layer, transforming the third photoresist layer into a 
fourth photoresist layer; and etching the data conductor and 
the extrinsic semiconductor layer to form the data line, the 
drain electrode, and ohmic contacts. 
The third photoresist layer may beformed by using a photo 

mask including a light blocking area, a translucent area, and 
a light transmitting area. 
The partial removal of the third photoresist layer to form 

the fourth photoresist layer may comprise ashing. 
A thin film transistor array panel is provided, which 

includes: a gate line formed on a Substrate; a gate insulating 
layer formed on the gate line; a semiconductor layer formed 
on the gate insulating layer, a data line and a drain electrode 
formed on the semiconductor layer at least in part, the drain 
electrode including first and second portions; a passivation 
layer formed on the data line and the first portion of the drain 
electrode; and a pixel electrode formed on the substrate and 
the second portion of the drain electrode, said pixel electrode 
having edges substantially coinciding with edges of the pas 
Sivation layer. 
The passivation layer may have a contact hole exposing a 

portion of the data line, and the thin film transistor array panel 
may further include a contact assistant formed in the contact 
hole and having edges Substantially coinciding with edges of 
the contact hole. 

The gate insulating layer may have edges substantially 
coinciding with edges of the passivation layer except for a 
portion under the drain electrode. 
The gate insulating layer may have edges substantially 

coinciding with edges of the passivation layer except for a 
portion around the drain electrode and the portion around the 
drain electrode may be exposed. 
The exposed portion of the gate insulating layer may be 

covered with the pixel electrode. 
The semiconductor layer may have Substantially the same 

planar shape as the data line and the drain electrode except for 
a portion disposed between the data line and the drain elec 
trode. 

The pixel electrode may include a cutout. 
The thin film transistor array panel may further include a 

storage electrode comprised of the same layer as the gate line 
and overlapping the pixel electrode and a storage conductor 
formed on the gate insulating layer, connected to the pixel 
electrode, and overlapping the storage electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more apparent by 
describing embodiments thereof in detail with reference to 
the accompanying drawing in which: 

FIG. 1 is a layout view of a TFTarray panel according to an 
embodiment of the present invention; 

FIG. 2A is a sectional view of the TFT array panel shown 
in FIG. 1 taken along the line IIA-IIA'; 
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4 
FIG.2B is a sectional view of the TFTarray panel shown in 

FIG. 1 taken along the line IIB-IIB': 
FIGS. 3, 6 and 9 are layout views of a TFT array panel 

shown in FIGS. 1-2B in intermediate steps of a manufacturing 
method thereof according to an embodiment of the present 
invention; 

FIG. 4A is a sectional view of the TFT array panel shown 
in FIG. 3 taken along the line IVA-IVA'; 

FIG. 4B is a sectional view of the TFTarray panel shown in 
FIG.3 taken along the lines IVB-IVB'; 

FIGS. 5A and 5B illustrate the step following the step 
shown in FIGS. 4A and 4B, where FIG.5A is a sectional view 
of the TFT array panel shown in FIG. 3 taken along the line 
IVA-IVA and FIG. 5B is a sectional view of the TFT array 
panel shown in FIG. 3 taken along the lines IVB-IVB'; 

FIG. 7A is a sectional view of the TFT array panel shown 
in FIG. 6 taken along the line VIIA-VIIA'; 

FIG. 7B is a sectional view of the TFTarray panel shown in 
FIG. 6 taken along the lines VIIB-VIIB'; 

FIGS. 8A and 8B illustrate the step following the step 
shown in FIGS. 7A and 7B, where FIG. 8A is a sectional view 
of the TFT array panel shown in FIG. 6 taken along the line 
VIIA-VIIA and FIG. 8B is a sectional view of the TFT array 
panel shown in FIG. 6 taken along the lines VIIB-VIIB'; 

FIG. 10A is a sectional view of the TFTarray panel shown 
in FIG.9 taken along the line XA-XA'; 

FIG. 10B is a sectional view of the TFT array panel shown 
in FIG.9 taken along the lines XB-XB'; 

FIGS. 11A and 11B illustrate the step following the step 
shown in FIGS. 10A and 10B, where FIG. 11A is a sectional 
view of the TFT array panel shown in FIG.9 taken along the 
line XA-XA" and FIG. 11B is a sectional view of the TFT 
array panel shown in FIG. 9 taken along the lines XB-XB'; 

FIG. 12 is a layout view of a TFT array panel according to 
another embodiment of the present invention; 

FIG. 13A is a sectional view of the TFTarray panel shown 
in FIG. 12 taken along the line XIIIA-XIIIA'; 

FIG. 13B is a sectional view of the TFT array panel shown 
in FIG. 12 taken along the line XIIIB-XIIIB'; 

FIGS. 14A and 14B are sectional views of the TFT array 
panel shown in FIGS. 12-13B taken along the lines XIIIA 
XIIIA and XIIIB-XIIIB', respectively, in intermediate steps 
of a manufacturing method thereof according to an embodi 
ment of the present invention; 

FIGS. 15A and 15B are sectional views of the TFT array 
panel shown in FIGS. 12-13B taken along the lines XIIIA 
XIIIA and XIIIB-XIIIB', which illustrate the step following 
the step shown in FIGS. 14A and 14B; 

FIGS. 16A and 16B are sectional views of the TFT array 
panel shown in FIGS. 12-13B taken along the lines XIIIA 
XIIIA and XIIIB-XIIIB', which illustrate the step following 
the step shown in FIGS. 15A and 15B; 

FIGS. 17A and 17B are sectional views of the TFT array 
panel shown in FIGS. 12-13B taken along the lines XIIIA 
XIIIA and XIIIB-XIIIB', which illustrate the step following 
the step shown in FIGS. 16A and 16B; 

FIGS. 18A and 18B are sectional views of the TFT array 
panel shown in FIGS. 12-13B taken along the lines XIIIA 
XIIIA and XIIIB-XIIIB', which illustrate the step following 
the step shown in FIGS. 17A and 17B: 

FIG. 19 is a layout view of a TFT array panel according to 
another embodiment of the present invention; and 

FIG. 20 is a sectional view of the TFTarray panel shown in 
FIG. 19 taken along the line XX-XX'. 
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DETAILED DESCRIPTION 

The present invention now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein. 

In the drawings, the thickness of layers and regions are 
exaggerated for clarity. Like numerals refer to like elements 
throughout. It will be understood that when an element such 
as a layer, region or Substrate is referred to as being “on” 
another element, the element can be directly on the other 
element or intervening elements may also be present. In con 
trast, when an element is referred to as being “directly on 
another element, there are no intervening elements present. 
A TFT array panel according to an embodiment of the 

present invention will be described in detail with reference to 
FIGS. 1, 2A and 2B. 

FIG. 1 is a layout view of a TFTarray panel according to an 
embodiment of the present invention, FIG. 2A is a sectional 
view of the TFT array panel shown in FIG. 1 taken along the 
line IIA-IIA', and FIG. 2B is a sectional view of the TFT array 
panel shown in FIG. 1 taken along the lines IIB-IIB'. 
A plurality of gate lines 121 are formed on an insulating 

Substrate 110 Such as transparent glass or plastic. The gate 
lines 121 transmit gate signals and extend Substantially in a 
transverse direction. Each gate line 121 includes a plurality of 
gate electrodes 124 projecting upward and downward, as 
shown in FIG. 1. Each gate line 121 may further include an 
end portion (not shown) having a large area for contact with 
another layer or an external driving circuit. A gate driving 
circuit (not shown) for generating the gate signals may be 
mounted on a flexible printed circuit (FPC) film, which may 
be attached to the substrate 110, directly mounted on the 
substrate 110, or integrated onto the substrate 110. The gate 
lines 121 may extend to be connected to a driving circuit that 
may be integrated on the substrate 110. 
The gate lines 121 may comprise, e.g., a metal comprising 

Al. Such as Aland Al alloy, a metal comprising Ag, such as Ag 
and Agalloy, a metal comprising Cu, Such as Cu and Cu alloy, 
a metal comprising Mo, such as Mo and Moalloy, Cr, Tior Ta. 
The gate lines 121 may have a multi-layered structure includ 
ing two conductive films (not shown) having different physi 
cal characteristics. One of the two films preferably comprises 
a low resistivity metal including a metal comprising Al, a 
metal comprising Ag, or a metal comprising Cu for reducing 
signal delay or voltage drop. The other film preferably com 
prises a material Such as a metal comprising Mo, Cr, Ta, or Ti, 
which have good physical, chemical, and electrical contact 
characteristics with other materials, such as indium tin oxide 
(ITO) or indium zinc oxide (IZO). Good examples of the 
combination of the two films are a lower Cr film and an upper 
Al (alloy) film and a lower Al (alloy) film and an upper Mo 
(alloy) film. However, the gate lines 121 may comprise vari 
ous metals or conductors. 
The lateral sides of the gate lines 121 are inclined relative 

to a surface of the substrate 110, and the inclination angle of 
the sides may range from about 30 to about 80 degrees. 
A gate insulating layer 140 comprising silicon nitride 

(SiNX) is formed on the gate lines 121. 
A plurality of semiconductor Stripes 151 comprising 

hydrogenated amorphous silicon (abbreviated to “a-Si’) or 
polysilicon are formed on the gate insulating layer 140. Each 
semiconductor stripe 151 extends substantially in the longi 
tudinal direction and has a plurality of projections 154 
branching out toward the gate electrodes 124. 
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6 
A plurality of ohmic contact stripes and islands 161 and 

165 are formed on the semiconductor stripes 151. The ohmic 
contact stripes and islands 161 and 165 may comprise n+ 
hydrogenated a-Si heavily doped with an in type impurity, 
Such as phosphorous, or the ohmic contact stripes and islands 
161 and 165 may comprise silicide. Each ohmic contact stripe 
161 has a plurality of projections 163, and the projections 163 
and the ohmic contact islands 165 are located in pairs on the 
projections 154 of the semiconductor stripes 151. 
The lateral sides of the semiconductor stripes 151 and the 

ohmic contacts 161 and 165 are inclined relative to a surface 
of the substrate 110, and the inclination angles of the lateral 
sides may range from about 30 to about 80 degrees. 
A plurality of data lines 171 and a plurality of drain elec 

trodes 175 separated from the data lines 171 are formed on the 
ohmic contacts 161 and 165. 
The data lines 171 transmit data signals and extend sub 

stantially in the longitudinal direction to intersect the gate 
lines 121. Each data line 171 includes a plurality of source 
electrodes 173 projecting toward the gate electrodes 124 and 
an end portion 179 having a large area for contact with 
another layer or an external driving circuit. A data driving 
circuit (not shown) for generating the data signals may be 
mounted on a flexible printed circuit (FPC) film, which may 
be attached to the substrate 110, directly mounted on the 
substrate 110, or integrated onto the substrate 110. The data 
lines 171 may extend to be connected to a driving circuit that 
may be integrated on the substrate 110. 
The drain electrodes 175 are separated from the data lines 

171 and disposed opposite the source electrodes 173 with 
respect to the gate electrodes 124. Each drain electrode 175 
includes a wide end portion 177 and a narrow end portion. 
The source electrode 173 includes a recessed portion that 
partially encloses the narrow end portion of the drain elec 
trode 175. 
A gate electrode 124, a source electrode 173, and a drain 

electrode 175 along with a projection 154 of a semiconductor 
stripe 151 form a TFT having a channel formed in the pro 
jection 154 disposed between the source electrode 173 and 
the drain electrode 175. 
The data lines 171 and the drain electrodes 175 may com 

prise a refractory metal. Such as Cr, Mo, Ti, Ta, or alloys 
thereof. The data lines 171 and the drain electrodes 175 may 
also have a multilayered structure comprising a refractory 
metal film (not shown) and a low resistivity film (not shown). 
Good examples of a multi-layered structure are a double 
layered structure including a lower Cr/Mo (alloy) film and an 
upper Al (alloy) film and a triple-layered structure of a lower 
Mo (alloy) film, an intermediate Al (alloy) film, and an upper 
Mo (alloy) film. However, the data lines 171 and the drain 
electrodes 175 may comprise various metals or conductors. 
The data lines 171 and the drain electrodes 175 have 

inclined edge profiles relative to a surface of the substrate 
110, and the inclination angles of the edge profiles may range 
from about 30 to about 80 degrees. 
The ohmic contacts 161 and 165 are interposed only 

between the underlying semiconductor stripes 151 and the 
overlying conductors 171 and 175 thereon and reduce the 
contact resistance therebetween. The semiconductor stripes 
151 have almost the same planar shapes as the data lines 171 
and the drain electrodes 175 as well as the underlying ohmic 
contacts 161 and 165. However, the projections 154 of the 
semiconductor stripes 151 include some exposed portions, 
which are not covered with the data lines 171 and the drain 
electrodes 175. These exposed portions of the projections 154 
include portions located between the source electrodes 173 
and the drain electrodes 175. 
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A passivation layer 180 is formed on the data lines 171, the 
drain electrodes 175, and the exposed portions of the semi 
conductor stripes 151. The passivation layer 180 may com 
prise an inorganic insulator Such as silicon nitride or silicon 
oxide. Alternatively, the passivation layer 180 may comprise 
an organic insulator or low dielectric insulator. The organic 
insulator and the low dielectric insulator preferably have a 
dielectric constant less than about 4.0. The low dielectric 
insulator may comprise a-Si:C:O and a-Si:O:F formed by 
plasma enhanced chemical vapor deposition (PECVD). The 
organic insulator for the passivation 180 may have photosen 
sitivity and the passivation layer 180 may have a flat surface. 
The passivation layer 180 may comprise a lower film of an 
inorganic insulator and an upper film of an organic insulator 
to obtain the desirable insulating characteristics of the organic 
insulator while preventing the exposed portions of the semi 
conductor stripes 151 from being damaged by the organic 
insulator. 
The passivation layer 180 has a plurality of contact holes 

182 exposing the end portions 179 of the data lines 171 and a 
plurality of openings 187 in areas enclosed by the gate lines 
121 and the data lines 171. The openings 187 expose the wide 
end portions 177 of the drain electrodes 175. Portions of the 
gate insulating layer 140 in the openings 187, which are not 
covered by the drain electrodes 175, are also removed to 
expose the Substrate 110. Accordingly, the gate insulating 
layer 140 may have Substantially the same planar shape as the 
passivation layer 180 except for portions disposed under the 
data lines 171 and the drain electrodes 175. 
A plurality of pixel electrodes 190 are formed in the open 

ings 187 on the passivation layer 180, and a plurality of 
contact assistants 82 are formed in the contact holes 182. The 
pixel electrodes 190 and contact assistants 82 may comprise 
a transparent conductor Such as (amorphous) ITO or IZO or a 
reflective conductor such as Ag, Al, or alloys thereof. The 
boundaries of the pixel electrodes 190 and the contact assis 
tants 82 coincide with those of the passivation layer 180. 

The pixel electrodes 190 are physically and electrically 
connected to the drain electrodes 175 such that the pixel 
electrodes 190 receive data voltages from the drain electrodes 
175. The pixel electrodes 190 supplied with the data voltages 
generate electric fields in cooperation with a common elec 
trode (not shown) of an opposing display panel (not shown) 
Supplied with a common Voltage, which determine the orien 
tations of liquid crystal molecules (not shown) of a liquid 
crystal layer (not shown) disposed between the pixel elec 
trode and the common electrode on the opposing display 
panel. A pixel electrode 190 and the common electrode form 
a capacitor referred to as a “liquid crystal capacitor, which 
stores applied voltages after the TFT turns off. 
The contact assistants 82 are connected to the end portions 

179 of the data lines 171 through the contact holes 182. The 
contact assistants 82 protect the end portions 179 and enhance 
the adhesion between the end portions 179 and external 
devices. 
When the gate lines 121 are connected to another layer or 

external devices as described above, a plurality of contact 
holes (not shown) and a plurality of contact assistants (not 
shown) in the contact holes may be provided. 
Now, a method of manufacturing the TFT array panel 

shown in FIGS. 1-2B according to an embodiment of the 
present invention will be described in detail with reference to 
FIGS. 3-11B as well as FIGS. 1-2B. 

FIGS. 3, 6 and 9 are layout views of a TFT array panel 
shown in FIGS. 1-2B in intermediate steps of a manufacturing 
method thereof according to an embodiment of the present 
invention. FIG. 4A is a sectional view of the TFT array panel 
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shown in FIG.3 taken along the line IVA-IVA and FIG. 4B is 
a sectional view of the TFT array panel shown in FIG.3 taken 
along the lines IVB-IVB'. FIGS.5A and 5B illustrate the step 
following the step shown in FIGS. 4A and 4B, where FIG.5A 
is a sectional view of the TFT array panel shown in FIG. 3 
taken along the line IVA-IVA' and FIG. 5B is a sectional view 
of the TFT array panel shown in FIG. 3 taken along the lines 
IVB-IVB'. FIG. 7A is a sectional view of the TFT array panel 
shown in FIG. 6 taken along the line VIIA-VIIA and FIG. 7B 
is a sectional view of the TFT array panel shown in FIG. 6 
taken along the lines VIIB-VIIB'. FIGS. 8A and 8B illustrate 
the step following the step shown in FIGS. 7A and 7B, where 
FIG. 8A is a sectional view of the TFT array panel shown in 
FIG. 6 taken along the line VIIA-VIIA and FIG. 8B is a 
sectional view of the TFT array panel shown in FIG. 6 taken 
along the lines VIIB-VIIB'. FIG. 10A is a sectional view of 
the TFT array panel shown in FIG. 9 taken along the line 
XA-XA and FIG. 10B is a sectional view of the TFT array 
panel shown in FIG. 9 taken along the lines XB-XB'. FIGS. 
11A and 11B illustrate the step following the step shown in 
FIGS. 10A and 10B, where FIG.11A is a sectional view of the 
TFTarray panel shown in FIG.9 taken along the line XA-XA 
and FIG. 11B is a sectional view of the TFTarray panel shown 
in FIG.9 taken along the lines XB-XB'. 

Referring to FIGS. 3, 4A and 4B, a conductive layer pref 
erably comprising metal is deposited on an insulating Sub 
strate 110 preferably comprising transparent glass by, e.g., 
sputtering. The conductive layer may have a thickness of 
about 1,000-3,000 A. The conductive layer is then subjected 
to lithography and etching to form a plurality of gate lines 121 
including gate electrodes 124. 

Referring to FIGS.5A and 5B, a gate insulating layer 140, 
an intrinsic a-Silayer 150, and an extrinsic a-Silayer 160 are 
sequentially deposited using, e.g., CVD, etc. The gate insu 
lating layer 140 may comprise silicon nitride having a thick 
ness of about 2,000-5,000 A. The deposition temperature of 
the gate insulating layer 140 is preferably in a range of about 
250-450° C. 
A conductive layer 170 comprising metal is then deposited 

using, e.g., sputtering, and a photoresist layer 40 with a thick 
ness of about 1-2 microns is coated on the conductive layer 
170. 
The photoresist layer 40 is exposed to light through a photo 

mask (not shown), and developed Such that the developed 
photoresist has a position dependent thickness. The photore 
sist shown in FIGS.5A and 5B includes a plurality of first to 
third portions in order of decreasing thickness. The first por 
tions 42 are located on wire areas A and the second portions 
44 are located on channel areas B. Third portions (not num 
bered) are located on remaining areas C and have substan 
tially Zero thickness, thereby exposing underlying portions of 
the conductive layer 170. The thickness ratio of the second 
portions 44 to the first portions 42 is adjusted depending upon 
the process conditions in the Subsequent process steps. It may 
be preferable that the thickness of the second portions 44 is 
equal to or less than half of the thickness of the first portions 
42, and in particular, equal to or less than 4,000 A. 
The position-dependent thickness of the photoresist may 

be obtained using one of several techniques, for example, by 
providing translucent areas on the exposure mask as well as 
light transmitting areas and light blocking opaque areas. The 
translucent areas may have a slit pattern, a lattice pattern, a 
thin film(s) with intermediate transmittance, or intermediate 
thickness. When using a slit pattern, it may be preferable that 
the width of the slits or the distance between the slits is 
smaller than the resolution of a light exposer used for the 
photolithography. Another example is to use reflowable pho 
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toresist. In detail, once a photoresist pattern comprising a 
reflowable material is formed by using a normal exposure 
mask having only transparent areas and opaque areas, the 
photoresist layer 40 is subjected to a reflow process to flow 
onto areas without the photoresist, thereby forming thin por 
tions. 

The different thickness of the first portions 42 and second 
portions 44 of the photoresist layer 40 enables the selective 
etching of underlying layers when using Suitable process 
conditions. Therefore, a plurality of data lines 171 including 
source electrodes 173 and end portions 179, a plurality of 
drain electrodes 175 including wide end portions 177, a plu 
rality of ohmic contact stripes 161 including projections 163, 
a plurality of ohmic contact islands 165, and a plurality of 
semiconductor stripes 151 including projections 154 may be 
obtained as shown in FIGS. 6, 7A and 7B by a series of 
etching steps. 

For descriptive purpose, portions of the conductive layer 
170, the extrinsic a-Silayer 160, and the intrinsic a-Silayer 
150 on the wire areas A are referred to as first portions, 
portions of the conductive layer 170, the extrinsic a-Silayer 
160, and the intrinsic a-Silayer 150 on the channel areas Bare 
referred to as second portions, and portions of the conductive 
layer 170, the extrinsic a-Silayer 160, and the intrinsic a-Si 
layer 150 on the remaining areas C are referred to as third 
portions. 
An exemplary sequence of forming Such a structure is as 

follows: 
(1) Removal of third portions of the conductive layer 170, 

the extrinsic a-Silayer 160 and the intrinsic a-Silayer 150 on 
the remaining areas C: 

(2) Removal of the second portions 44 of the photoresist; 
(3) Removal of the second portions of the conductive layer 

170 and the extrinsic a-Silayer 160 on the channel areas B; 
and 

(4) Removal of the first portions 42 of the photoresist. 
Another exemplary sequence is as follows: 
(1) Removal of the third portions of the conductive layer 

170; 
(2) Removal of the second portions 44 of the photoresist; 
(3) Removal of the third portions of the extrinsic a-Silayer 

160 and the intrinsic a-Silayer 150: 
(4) Removal of the second portions of the conductive layer 

170; 
(5) Removal of the first portions 42 of the photoresist; and 
(6) Removal of the second portions of the extrinsic a-Si 

layer 160. 
Because the first portions 42 of the photoresist layer 40 are 

thicker than the second portions 44, even when the second 
portions 44 of the photoresist are removed, portions of the 
first portions 42 will remain. The remaining first portions 42 
will have a reduced thickness, but will still prevent underlying 
layers from being removed or etched. 
The removal of the second portions 44 of the photoresist 

may be performed either simultaneously with or in a separate 
step from the removal of the third portions of the extrinsica-Si 
layer 160 and of the intrinsic a-Silayer 150. Similarly, the 
removal of the first portions 42 of the photoresist may be 
performed either simultaneously with or in a separate step 
from the removal of the second portions of the extrinsic a-Si 
layer 160. For example, a gas mixture of SF and HCl or SF 
and O may etch the photoresist and the a-Silayers 150 and 
160 with substantially equal etch ratios. 

Residue of the photoresist remaining on the surface of the 
conductive layer 170 may be removed by, e.g., ashing. 

In the step (3) of the first example or in the step (4) of the 
second example, examples of etching gases for etching the 
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intrinsic a-Silayer 150 include a gas mixture of CF and HCl 
and a gas mixture of CF and O. The gas mixture of CF and 
O. can provide uniform etching thickness of the intrinsic a-Si 
layer 150. 

Referring to FIGS. 8A and 8B, a passivation layer 180 is 
deposited and a positive photoresist layer 50 is coated. There 
after, a photo mask 60 is aligned with the substrate 110 and 
the photoresist layer 50 is exposed to light through the photo 
mask 60. 
The photo mask 60 includes a transparent substrate 61 and 

an opaque light blocking film 62 and is divided into light 
transmitting areas TA1 and light blocking areas BA1. The 
light blocking film 62 has openings on the light transmitting 
areas TA1. The light blocking film 62 exists as a wide area 
having width larger than a predetermined value on the light 
blocking areas BA1. The light transmitting areas TA1 are 
positioned to correspond with the end portions 179 of the data 
lines 171 and areas enclosed by the gate lines 121 and the data 
lines 171. The light blocking areas BA1 are positioned to 
correspond with the remaining portions. Referring to FIGS. 
8A and 8B, hatched portions of the photoresist 50 facing the 
light transmitting areas TA1 are exposed to light, while por 
tions of the photoresist 50 facing the light blocking areas BA1 
are not exposed to light. 
The photoresist50 is developed such that portions 57 of the 

photoresist 50 that are not exposed to light remain, as shown 
in FIGS. 9, 10A and 10B. The passivation layer 180 is etched 
using the remaining portions 57 of the photoresist as an etch 
mask to form a plurality of openings 187 exposing portions of 
the wide end portions 177 of the drain electrodes 175 and a 
plurality of contact holes 182 exposing the end portions 179 
of the data lines 171. Subsequently, exposed portions of the 
gate insulating layer 140 are removed to expose the Substrate 
110. 

Referring to FIGS. 11A and 11B, a conductive film 90 
preferably comprising IZO. ITO, or amorphous ITO is depos 
ited by, e.g., sputtering. 
The conductive film 90 includes first portions 91 disposed 

on the photoresist57 and remaining second portions 92. Since 
the height difference between the surface and the bottom of 
the photoresist 57 is large due to the thickness of the photo 
resist57, the first portions 91 and the second portions 92 of the 
conductive film 90 are separated from each other at least in 
part to form gaps therebetween. These gaps expose at least 
portions of the lateral sides of the photoresist 57. 
The substrate 110 is then dipped into a developer such that 

the developer infiltrates into the photoresist 57 through the 
exposed lateral sides of the photoresist 52 to remove the 
photoresist 57. At this time, the first portions 91 of the con 
ductive film 90 disposed on the photoresist 57 come offalong 
with the photoresist 57, which is referred to as “lift-off.” As a 
result, only the second portions 92 of the conductive film 90 
remain to form a plurality of pixel electrodes 190 and a 
plurality of contact assistants 82 as shown in FIGS. 1, 2A and 
2B. 

Since the manufacturing method of the TFT array panel 
according to an embodiment simultaneously forms the data 
lines 171, the drain electrodes 175, the semiconductors 151, 
and the ohmic contacts 161 and 165 using a lithography step 
and omits a lithography step for forming the pixel electrodes 
190 and the contact assistants 82, the manufacturing process 
may be simplified. 
Now, a TFT array panel according to another embodiment 

of the present invention will be described in detail with ref 
erence to FIGS. 13, 14A and 14B. 

FIG. 12 is a layout view of a TFT array panel according to 
another embodiment of the present invention, FIG. 13A is a 
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sectional view of the TFT array panel shown in FIG. 12 taken 
along the line XIIIA-XIIIA', and FIG. 13B is a sectional view 
of the TFT array panel shown in FIG. 12 taken along the line 
XIIIB-XIIIB'. 

Alayered structure of the TFTarray panel according to this 
embodiment is similar to that shown in FIGS. 1, 2A and 2B. 
That is, a plurality of gate lines 121 including gate electrodes 
124 are formed on a substrate 110. A gate insulating layer 
140, a plurality of semiconductor stripes 151 including pro 
jections 154, and a plurality of ohmic contact stripes 161 
including projections 163 and a plurality of ohmic contact 
islands 165 are sequentially formed thereon. A plurality of 
data lines 171 including source electrodes 173 and end por 
tions 179, and a plurality of drain electrodes 175 including 
wide end portions 177 are formed on the ohmic contacts 161 
and 165. A passivation layer 180 is formed thereon. A plural 
ity of contact holes 182 and a plurality of openings 187 are 
formed in the passivation layer 180. A plurality of pixel 
electrodes 190 and a plurality of contact assistants 82 are 
formed in the openings 187 and the contact holes 182, respec 
tively. 

Unlike the TFT array panel shown in FIGS. 1, 2A, and 2B, 
portions of the gate insulating layer 140 around the drain 
electrodes 175 in the openings 187 are exposed. 
Now, a method of manufacturing the TFT array panel 

shown in FIGS. 12-13B according to an embodiment of the 
present invention will be described in detail with reference to 
FIGS. 14A-18E3 as well as FIGS. 12-13B. 

FIGS. 14A and 14B are sectional views of the TFT array 
panel shown in FIGS. 12-13B taken along the lines XIIIA 
XIIIA' and XIIIB-XIIIB', respectively, in intermediate steps 
of a manufacturing method thereof according to an embodi 
ment of the present invention, FIGS. 15A and 15B are sec 
tional views of the TFTarray panel shown in FIGS. 12-13B 
taken along the lines XIIIA-XIIIA and XIIIB-XIIIB', which 
illustrate the step following the step shown in FIGS. 14A and 
14B, FIGS. 16A and 16B are sectional views of the TFTarray 
panel shown in FIGS. 12-13B taken along the lines XIIIA 
XIIIA and XIIIB-XIIIB', which illustrate the step following 
the step shown in FIGS. 15A and 15B, FIGS. 17A and 17B are 
sectional views of the TFT array panel shown in FIGS. 
12-13B taken along the lines XIIIA-XIIIA and XIIIB-XIIIB', 
which illustrate the step following the step shown in FIGS. 
16A and 16B, and FIGS. 18A and 18B are sectional views of 
the TFT array panel shown in FIGS. 12-13B taken along the 
lines XIIIA-XIIIA and XIIIB-XIIIB', which illustrate the 
step following the step shown in FIGS. 17A and 17B. 

Referring to FIGS. 14A and 14B, a plurality of gate lines 
121 including gate electrodes 124, a gate insulating layer 140, 
a plurality of semiconductor stripes 151 including projections 
154, a plurality of ohmic contact stripes 161 including pro 
jections 163, a plurality of ohmic contact islands 165, a plu 
rality of data lines 171 including source electrodes 173 and 
end portions 179, and a plurality of drain electrodes 175 
including wide end portions 177 are formed as described with 
reference to FIGS. 3-7B. 

Subsequently, a passivation layer 180 is deposited and a 
positive photoresist layer 70 is coated thereon. Thereafter, a 
photo mask 65 is aligned with the substrate 110. 
The photo mask 65 includes a transparent substrate 66 and 

an opaque light blocking film 67 and is divided into light 
transmitting areas TA2, light blocking areas BA2, and trans 
lucent areas SA. The light blocking film 67 has openings on 
the light transmitting areas TA2 and slits on the translucent 
areas SA. The openings and the slits are defined by the width 
thereof relative to a predetermined value. Those having a 
width larger than the predetermined value are referred to as 
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openings, while those having a width smaller than the prede 
termined value are referred to as slits. The translucent areas 
SA are positioned to correspond with the end portions 179 of 
the data lines 171 and portions of the drain electrodes 175 
including the wide end portions 177 and the peripheral areas 
therearound. The light transmitting areas TA2 are positioned 
to correspond with the areas enclosed by the gate lines 121 
and the data lines 171 except for the portions corresponding to 
the translucent areas SA. The light blocking areas BA2 cor 
respond to the remaining portions. 
The photoresist layer 70 is exposed to light through the 

photo mask 65 and is developed such that first portions 72 and 
second portions 74 thinner than the first portions 72 remain, 
as shown in FIGS. 15A and 15B. In FIGS. 14A and 14B, the 
hatched portions of the photoresist layer 70 indicate the por 
tions to be removed after development. Reference numeral 76 
indicates the portions to be removed after development 
among the portions facing the translucent areas SA. 

Referring to FIGS. 15A and 15B, the passivation layer 180 
and the gate insulating layer 140 are etched using the remain 
ing portions 72 and 74 of the photoresist layer 70 as an etch 
mask, thereby exposing the substrate 110. 

Referring to FIGS. 16A and 16B, the thin portions 74 of the 
photoresist layer 70 are removed by, e.g., ashing, and the 
thickness of the thick portions 52 is decreased to form a 
photoresist portion 77. 

Referring to FIGS. 17A and 17B, the passivation layer 180 
is etched using the photoresist portion 77 as an etch mask to 
form a plurality of openings exposing portions of the drain 
electrodes 175, portions of the gate insulating layer 140 dis 
posed around the drain electrodes 175, and a plurality of 
contact holes 182 exposing the end portions 179 of the data 
lines 179. 

Referring to FIGS. 18A and 18B, a conductive film 90 
preferably comprising IZO. ITO, or amorphous ITO is depos 
ited by sputtering, etc. The conductive film 90 includes first 
portions 91 disposed on the photoresist 77 and remaining 
second portions 92. The photoresist 77 and the first portions 
91 of the conductive film 90 thereon are removed by liftoff to 
form a plurality of pixel electrodes 190 and a plurality of 
contact assistants 82 as shown in FIGS. 12, 13A, and 13B. 
The gate insulating layer 140 is exposed near the drain 

electrodes 175. Therefore, the upper surface of the gate insu 
lating layer 140 provides an intermediate transition Surface 
between the upper surface of the drain electrodes 175 to the 
upper surface of the substrate 110. Thus, the disconnection of 
the pixel electrode layer 190 from the edge of the drain 
electrodes 175 can be avoided. 

Since the manufacturing method of the TFT array panel 
according to this embodiment also simultaneously forms the 
data lines 171, the drain electrodes 175, the semiconductors 
151, and the ohmic contacts 161 and 165 using a single 
lithography step and omits a separate lithography step for 
forming the pixel electrodes 190 and the contact assistants 82, 
the manufacturing process may be simplified. 
Many of the above-described features of the TFT array 

panel and the manufacturing method thereof shown in FIGS. 
1-11B may also apply to the TFT array panel and the manu 
facturing method thereof shown in FIGS. 12-18B. 
Now, a TFT array panel according to another embodiment 

of the present invention will be described in detail with ref 
erence to FIGS. 19 and 20. 

FIG. 19 is a layout view of a TFT array panel according to 
another embodiment of the present invention. FIG. 20 is a 
sectional view of the TFT array panel shown in FIG. 19 taken 
along the line XX-XX'. 
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Alayered structure of the TFTarray panel according to this 
embodiment is similar to that shown in FIGS. 1, 2A, and 2B. 
That is, a plurality of gate lines 121 including gate electrodes 
124 are formed on a substrate 110. A gate insulating layer 
140, a plurality of semiconductor stripes 151 including pro 
jections 154, and a plurality of ohmic contact stripes 161 
including projections 163 and a plurality of ohmic contact 
islands 165 are sequentially formed thereon. A plurality of 
data lines 171 including source electrodes 173 and end por 
tions 179, and a plurality of drain electrodes 175 are formed 
on the ohmic contacts 161 and 165. A passivation layer 180 is 
formed thereon. A plurality of contact holes 182 and a plu 
rality of openings 187 are formed in the passivation layer 180. 
A plurality of pixel electrodes 190 and a plurality of contact 
assistants 82 are formed in the openings 187 and the contact 
holes 182, respectively. 

Unlike the TFT array panel shown in FIGS. 1, 2A, and 2B, 
each pixel electrode 190 has a cutout 191 and the passivation 
layer 180 includes portions disposed in the cutout 191. 

In addition, the TFT array panel according to this embodi 
ment further includes a plurality of storage electrode lines 
131 disposed on the same layer as the gate lines 121. The 
storage electrode lines 131 extend substantially parallel to the 
gate lines 121 and are Supplied with a predetermined Voltage 
Such as a common Voltage, which is applied to a common 
electrode (not shown) on a common electrode panel (not 
shown). Each storage electrode line 131 includes a plurality 
of expansions 137 which extend laterally across the surface of 
the Substrate 110 (projecting upward and downward, as 
shown in the perspective illustrated in FIG. 19) and overlap 
ping the pixel electrodes 190. 
A plurality of storage conductors 178 are formed on the 

gate insulating layer 140. The storage conductors 178 contact 
the pixel electrodes 190 and overlap the expansions 137 of the 
storage electrodes lines 131 Such that the storage conductors 
178 cover the full width of the expansions 137. A plurality of 
semiconductor islands 157 and a plurality of ohmic contact 
islands 167 are sequentially formed under the storage con 
ductors 178 and have substantially the same planar shape as 
the storage conductors 178. 

The storage electrode lines 131 and the storage conductors 
178 connected to the pixel electrodes 190 form storage 
capacitors for enhancing the charge storing capacity of liquid 
crystal capacitors formed by the pixel electrodes 190 and the 
common electrode. 

Furthermore, each gate line 121 includes an end portion 
129 having a large area for contact with another layer or an 
external driving circuit. The passivation layer 180 and the 
gate insulating layer 140 have a plurality of contact holes 181 
exposing the end portions 129 of the gate lines 121, and a 
plurality of contact assistants 81 are formed in the contact 
holes 181. 
A method of manufacturing the TFT array panel shown in 

FIGS. 19 and 20 is similar to that shown in FIGS. 1-11B. 
However, the method is different in that the storage electrode 
lines 131 are formed along with the gate lines 121. In addi 
tion, the storage conductors 178, the semiconductor islands 
157, and the ohmic contact islands 167 are formed along with 
the data lines 171, the drain electrodes 175, the semiconduc 
tors stripes 151, and the ohmic contacts 161 and 165. The 
contact holes 181 on the end portions 129 of the gate lines 121 
are formed along with the contact holes 182 and the openings 
187, and the contact assistants 81 are formed along with the 
pixel electrodes 190 and the contact assistants 82. 
Many of the above-described features of the TFT array 

panel and the manufacturing method thereof shown in FIGS. 
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1-11B may also apply to the TFT array panel shown in FIGS. 
19 and 20 and the manufacturing method thereof. 
As described above, the pixel electrodes and the contact 

holes connecting the drain electrodes and the pixel electrodes 
are formed using a single lithography step. Accordingly, a 
separate lithography step for forming the pixel electrodes 
may be omitted to simplify the manufacturing process, 
thereby reducing the manufacturing time and the cost. 
The present invention can be employed to any display 

devices, including, e.g., LCD and OLED displays. Each pixel 
of the OLED display includes at least two thin film transistors 
including a first thin film transistor connected to gate lines and 
data lines and a second thin film transistor connected to pixel 
electrodes. Each pixel also includes an organic light emitting 
layer disposed between the pixel electrode and common elec 
trode. 

Although preferred embodiments of the present invention 
have been described in detail hereinabove, it should be clearly 
understood that many variations and/or modifications of the 
basic inventive concepts herein taught which may appear to 
those skilled in the present art will still fall within the spirit 
and Scope of the present invention, as defined in the appended 
claims. 
What is claimed is: 
1. A method of manufacturing a thin film transistor array 

panel, the method comprising: 
forming a gate line on a Substrate; 
forming a gate insulating layer on the gate line; 
forming a semiconductor layer on the gate insulating layer; 
forming an ohmic contact layer on the semiconductor 

layer; 
forming a data line and a drain electrode on the ohmic 

contact layer, 
depositing a passivation layer on the data line and the drain 

electrode: 
forming a first photoresist layer on the passivation layer, 

wherein the first photoresist layer does not cover at least 
a portion of the passivation layer and the gate insulating 
layer; 

etching the passivation layer and the gate insulating layer 
which are not covered by the first photoresist layer; 

exposing a portion of the Substrate; 
transforming the first photoresist layer into a second pho 

toresist layer, wherein the second photoresist layer does 
not cover at least a portion of the passivation layer, 

etching the passivation layer which is not covered by the 
second photoresist layer, 

exposing a portion of the drain electrode: 
depositing a conductive film on the drain electrode and on 

the second photoresist layer, the conductive film includ 
ing a first portion disposed on the second photoresist 
layer and a second portion at least partially separated 
from the first portion by gaps, the gaps exposing at least 
a portion of lateral sides of the second photoresist layer; 

removing the second photoresist layer and the first portion 
of the conductive film; and 

forming a pixel electrode on the portion of the drain elec 
trode. 

2. The method of claim 1, whereinforming the first pho 
toresist layer further comprises using a photo mask including 
a light blocking area, a translucent area, and a light transmit 
ting area. 

3. The method of claim 1, wherein the transforming of the 
first photoresist layer into the second photoresist layer com 
prises ashing. 

4. The method of claim 1, wherein: 
the second portion is disposed directly on the Substrate; and 
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the removing of the second photoresist layer further 
includes removing the first portion of the conductive 
film by lift off. 

5. The method of claim 1, wherein the conductive film 
directly contacts the Substrate and the gate insulating layer. 

6. The method of claim 1, wherein: 
the etching of a portion of the passivation layer which is not 

covered by the second photoresist layer further com 
prises: 

exposing a portion of the data line; and 
the removing of the second photoresist layer further com 

prises: 
forming a contact assistant on the exposed portion of the 

data line. 
7. The method of claim 1, wherein the forming of the gate 

insulating layer, the forming of the semiconductor layer, the 
forming of the ohmic contact layer, and the forming of the 
data line and the drain electrode comprises: 

sequentially depositing the gate insulating layer, an intrin 
sic amorphous silicon layer, an extrinsic amorphous sili 
con layer, and a data conductor layer, 

forming a third photoresist layer on the data conductor 
layer, wherein the third photoresist layer does not cover 
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at least a portion of the data conductor layer, the extrinsic 
amorphous silicon layer, and the intrinsic amorphous 
silicon layer; 

sequentially etching portions of the data conductor layer, 
the extrinsic amorphous silicon layer, and the intrinsic 
amorphous silicon layer which are not covered by the 
third photoresist layer; 

forming a data conductor, an ohmic contact layer, and a 
semiconductor layer, 

partially removing the third photoresist layer, 
forming a fourth photoresist layer, 
etching the data conductor and the ohmic contact layer; and 
forming the data line, the drain electrode, and the ohmic 

contact layer. 
8. The method of claim 7, whereinforming the third pho 

toresist layer further comprises using a photo mask including 
a light blocking area, a translucent area, and a light transmit 
ting area. 

9. The method of claim 7, wherein partially removing the 
third photoresist layer comprises ashing. 

k k k k k 


