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7) ABSTRACT

An organic light emitting diode (OLED) display device and
a manufacturing method thereof to improve a luminous
character are provided. The OLED display device includes
a first transistor, a second transistor and an OLED. An image
is displayed by applying a driving current to OLED through
the first transistor and the second transistor. The thickness of
the gate insulating layers of the first and the second transistor
are different. The OLED is provided with the sufficient
driving current to improve the luminous character without
decreasing emissive area.
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ORGANIC LIGHT EMITTING DIODE DISPLAY
DEVICE AND FABRICATING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority based upon Korean
Patent Application No. 2004-0030427 filed on Apr. 30,
2004.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a transistor for an

organic light emitting diode (OLED) display device and a
method of fabricating the same.

[0004]

[0005] Conventional OLED includes an organic light
emitting layer disposed between two electrodes. When an
electron and a hole are respectively injected into the organic
light emitting layer from the two electrodes, the electron and
the hole couples to form an exciton. The organic light
emitting layer generates light when the energy level of the
exciton changes from an excitation state to a ground state.
The OLED display device can be categorized as an active
matrix type and a passive matrix type. The active matrix type
OLED display device drives each OLED pixel using a
transistor formed in the pixel.

[0006] The transistor of the conventional OLED display
device is often fabricated based on a polysilicon structure
which produces superior electrical properties to amorphous
silicon structure. However, the transistor formed of poly-
silicon has several drawbacks. For example, the transistor
may have a complicated structure, which causes low yield of
the transistor fabrication and extended manufacturing time.

2. Description of Related Art

[0007] Accordingly, an OLED display device using amor-
phous silicon has been proposed. In order to be employed in
the OLED display device, the amorphous silicon transistor
should improve its electrical performance. For instance, the
poor electron mobility of amorphous silicon limits the
increase of luminescence of OLED display. The size
increase of the transistor controlling the current flowing to
OLED pixel may solve this problem, but decreases the size
of display area. Thus, there is a need for increasing the
luminescence without reducing the display area.

SUMMARY OF THE INVENTION

[0008] An OLED display device according to an embodi-
ment of the invention includes: a first transistor that has a
first gate insulating layer, a second transistor that is electri-
cally connected to first transistor and has a second gate
insulating layer, a light emitting diode driven by second
transistor. First gate insulating layer is thicker than second
gate insulating layer. Light emitting diode includes a pixel
electrode electrically connected to second transistor, an
organic light emitting layer disposed over pixel electrode
and a counter electrode disposed over organic light emitting
layer.

[0009] An OLED display device according to another
embodiment of the invention includes: a first transistor that
receives a data signal from a data bus line and outputs a
control signal depending on the magnitude of the data signal,
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a second transistor that receives the control signal from first
transistor and produces a driving current in response to the
control signal, a light emitting diode that receives the driving
current and emits a light. First transistor includes a first gate
insulating layer. Second transistor includes a second gate
insulating layer. The thickness of first gate insulating layer
is different form the thickness of second gate electrode.

[0010] A method of forming an OLED display device
according to another embodiment of the invention includes:
forming a first gate electrode and a second gate electrode
over a substrate, forming a first insulating layer over the
substrate, removing partially the first insulating layer in an
area on and around second gate electrode, forming a second
insulating layer over the first insulating layer and the second
gate electrode, forming a first semiconductor pattern over
the second insulating layer on the first gate electrode and a
second semiconductor pattern over the second insulating
layer on the second gate electrode, forming a first source
electrode and a first drain electrode on the first semiconduc-
tor pattern, forming a second source electrode and a second
drain electrode on the second semiconductor pattern, and
forming an organic light emitting diode connected to the
second drain electrode. Light emitting diode includes a pixel
electrode, a light emitting layer and a counter electrode.

[0011] OLED display device according to the present
invention is provided with the sufficient driving current to
improve the luminous character without decreasing emissive
area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The features of the present invention will become
more apparent to those of ordinary skill in the art by
describing in detail exemplary embodiments thereof with
reference to the attached drawings, in which:

[0013] FIG. 1 s a circuit diagram of a pixel of an organic
light emitting diode (OLED) display device according to an
embodiment of the present invention;

[0014] FIG. 2 is a plan view of the OLED display device
of FIG. 1;
[0015] FIG. 3 is a cross-sectional view taken along the

line A-A' of the OLED display device of FIG. 2;

[0016] FIG. 4 is a plan view of a first and a second gate
electrode of the OLED display device of FIG. 2,

[0017] FIG. 5 is a cross-sectional view taken along the
line B-B' of FIG. 4,

[0018] FIG. 6, FIG. 7 and FIG. 8 are cross sectional
views showing a method of fabricating a gate-insulating
layer according to an embodiment of the present invention.

[0019] FIG. 9 is a plan-view of a first and a second drain
electrode formed on the first and the second source electrode
of FIG. 2;

[0020] FIG. 10 is a cross-sectional view taken along the
line C-C' of FIG. 9,

[0021] FIG. 11 is a plan view showing contact holes
formed at the first and the second drain electrode of FIG. 9;

[0022] FIG. 12 is a cross-sectional view taken along the
line D-D' of FIG. 11,
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[0023] FIG. 13 is a plan view showing a connecting
electrode and a pixel electrode formed on the structure of
FIG. 11; and

[0024] FIG. 14 is a cross-sectional view taken along the
line E-E' of FIG. 13.

[0025] Use of the same reference symbols in different
figures indicates similar of identical items.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0026] FIG. 1 is a circuit diagram of a pixel 210 of an
OLED display device 200 according to an embodiment of
the present invention. Pixel 210 includes a gate bus line
GBL, a data bus lines DBL, and a power supply lines PSL.
In OLED display device 200, multiple pixels 210 are con-
nected to one another in a matrix type. Gate bus line GBL
transmits a gate signal (or a control signal). Gate bus line
GBL extends in a horizontal direction and is arranged in
parallel to another gate bus line GBL. Data bus line DBL
transmits a data signal. Data bus line DBL extends in a
vertical direction and is arranged in parallel to another data
bus line DBL. Power supply line PSL is formed adjacent to
the data bus line (not shown) of an adjacent pixel. The power
supply line PSL extends in a vertical direction, and transmits
a direct current signal Vdd.

[0027] Pixel 210 further includes a switching transistor
TFT1 connected to gate bus line GBL and data bus line
DBL, a driving transistor TFT2 connected to power supply
line PSL and switching transistor TFT1, a storage capacitor
Cst, and a light emitting diode 300 connected to driving
transistor TFT2.

[0028] Switching transistor TFT1 includes a first gate
electrode G1 connected to gate bus line GBL, a first source
electrode S1 connected to data bus line DBL, and a first
drain electrode D1. Driving transistor TFT2 includes a
second gate electrode G2, a second source electrode S2
connected to light emitting diode 300, and a second drain
electrode D2 connected to power supply line PSL.

[0029] Storage capacitor Cst is connected to first drain
electrode D1, second gate electrode G2 and power supply
line PSL. Storage capacitor Cst stores and maintains a
voltage between first drain electrode D1 and power supply
line PSL. Although not shown in FIG. 1, storage capacitor
Cst can be formed between first drain electrode D1 and light
emitting diode 300.

[0030] FIG.2 is a plan-view of OLED display device 200
of FIG. 1, and FIG. 3 is a cross-sectional view taken along
the line A-A' of FIG. 2. Referring to FIG. 2 and FIG. 3, the
structure of OLED display device 200 is explained.

[0031] Gate bus line GBL, first gate electrode Gl and
second gate electrodes G2 are formed on a substrate 10. Gate
bus line GBL extends in a horizontal direction. First gate
electrode G1 protrudes from gate bus line GBL. The gate bus
line GBL extends to connect to a driving circuit (not shown)
formed on substrate 10 or a driving circuit chip (not shown)
attached to a flexible printed film (not shown). Gate bus line
GBL may have a pad at end portion of gate bus line GBL to
transmit a gate signal from an external circuit to gate bus line
GBL.
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[0032] Second gate electrode G2 is spaced apart from gate
bus line GBL and extends to a storage electrode CE. Gate
bus line GBL and second gate electrode G2 are formed of a
conductive material, such as aluminum, copper, titanium,
tantalum, molybdenum, or alloys thereof. Gate bus line GBL
can have a multiple-layered structure as well as a single-
layered structure. When gate bus line GBL has a multiple-
layered structure, one layer is made of a material having a
low resistance, such as aluminum, aluminum alloy, silver,
silver alloy, copper, or copper alloy in order to reduce a
signal delay and a voltage drop. Another layer is made of a
material having a good contact capability, such as chro-
mium, molybdenum, titanium, tantalum, or alloys thereof.
The side walls of gate bus line GBL and second gate
electrode G2 are sloped at 30° to 80° against the surface of
substrate 10.

[0033] A first gate insulating layer 220 and a second gate
insulating layer 222" are respectively formed on gate bus line
GBL and second gate electrode G2. First and second gate
insulating layers 220, 222' can be formed of an insulating
material, such as SiNx and SiOx, and a high dielectric
material such as HfO, and AL, Q..

[0034] A first semiconductor pattern 232 and a second
semiconductor pattern 235 are disposed respectively over
first gate insulating layer 220 and second gate insulating
layer 222'. First and second semiconductor patterns 232, 235
are formed of hydrogenated amorphous silicon or poly-
silicon.

[0035] A first ohmic contact layer 242 and a second ohmic
contact layer 244 are disposed on first semiconductor pattern
232 and spaced apart from each other with a predetermined
distance. First ohmic contact layer 242 reduces the contact
resistance between first semiconductor pattern 232 and first
source electrode S1, and second ohmic contact layer 244
reduces the contact resistance between first semiconductor
pattern 232 and first drain electrode D1. A third ohmic
contact layer 246 and a fourth ohmic contact layer 248 are
disposed on the second semiconductor pattern 235 and
spaced apart from each other with a predetermined distance.
Third ohmic contact layer 246 reduces the contact resistance
between second semiconductor pattern 235 and second drain
electrode D2, and fourth ohmic contact layer 246 reduces the
contact resistance between second semiconductor pattern
235 and second source electrode S2. Ohmic contact layers
242, 244, 246, 248 are formed of silicide or n+amorphous
silicon layer into which a dopant injected.

[0036] Data bus line DBL extended from first source
electrode S1, first drain electrode D1, second source elec-
trode S2 and power supply line PSL extended from second
drain electrode D2 are disposed on ohmic contact layers 242,
244,246, 248. In accordance with an another embodiment of
the invention, data bus line DBL and power supply line PSL
are respectively disposed on first gate insulating layer 220
and second gate insulating layer 222'.

[0037] Data bus line DBL transmitting a data signal
extends in a vertical direction and is perpendicular to gate
bus line GBL. Data bus line DBL can have a pad at its end
to transmit the data signal from external circuit to date bus
line DBL. First source electrode S1 connected to data bus
line DBL and disposed on first ohmic contact layer 242 is
spaced apart form first drain electrode D1 disposed on
second ohmic contact layer 244.
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[0038] Power supply line PSL is formed adjacent to the
data bus line (not shown) of an adjacent pixel and extends
in parallel to data bus line DBL. Second drain electrode D2
connected to power supply line PSL is disposed on the third
ohmic contact layer 246. Second drain electrode D2 is
spaced apart from second source electrode S2 disposed on
fourth ohmic contact layer 248. Power supply line PSL
overlaps with storage electrode CE to form storage capacitor
Cst.

[0039] Switching transistor TFT1 includes first semicon-
ductor pattern 232, first ohmic contact layer 242, second
ohmic contact layer 244, first gate electrode G1, first source
electrode S1, and first drain electrode D1. The space
between first source electrode S1 and first drain electrode D1
forms a channel of switching transistor TFT1 on first semi-
conductor pattern 232. Switching transistor TFT transfers
the data signal from data bus line DBL to second gate
electrode G2 of driving transistor TFT2. As shown in FIG.
3, first semiconductor pattern 232 is insulated from first gate
electrode G1 by the first gate insulating layer 220. First gate
insulating layer 220 has a thickness T1.

[0040] Driving transistor TFT2 includes second semicon-
ductor pattern 235, third ohmic contact layer 246, fourth
ohmic contact layer 248, second gate electrode G2, second
source electrode S2 and second drain electrode D2. Driving
transistor TFT2 provides and controls the amount of the
current flowing through light emitting diode 300. The space
between second source electrode S2 and second drain elec-
trode D2 forms a channel of driving transistor TFT2 on
second semiconductor pattern 235. Second gate insulating
layer 222" insulates second semiconductor pattern 235 from
second gate electrode G2. Second gate insulating layer 222'
has a thickness T2, which is smaller than thickness T1.

[0041] Generally, the amount of current flowing in a
transistor is given by equation 1.

Id=CguW(Vgs-Vth)*'" @

[0042] , where Cg is the capacitance of gate insulating
layer, u is the charge mobility, W is the channel width of the
transistor, Vgs is the voltage applied between the transistor
and the transistor source, Vth is the threshold voltage of the
transistor, and L is the channel length of the transistor.

[0043] Also, the capacitance Cg of gate insulating layer is
given by equation 2.

Cg=eAjd )]

[0044] , where € is the dielectric constant of the gate
insulating layer, A is the arca of gate insulating layer
overlapped with the gate electrode, and d is the thickness of
the gate insulating layer.

[0045] Referring to equations 1 and 2, the amount of the
current (Id) flowing in the transistor is proportional to
capacitance Cg of the gate insulating layer and the channel
width W of the transistor. Capacitance Cg of the gate
insulating layer is inversely proportional to the thickness of
the gate insulating layer. Accordingly, the decrease of the
thickness of gate insulating layer causes the increase of the
amount of current flowing in the transistor without increas-
ing the size of the transistor.

[0046] For example, light emitting diode 300 needs 3 uA
current to a light of 300 cd. When, in FIG. 3, gate insulating
layer thickness T2 of driving transistor TFT2 is 4500 A, the
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width W of driving transistor TFT2 for producing the current
of 3 uA is 300 um. When the thickness T2 of gate insulating
layer 222' is reduced to 2000 A, the width W of driving
transistor TFT2 for producing the current of 3 A decreases
to 100 um. The decrease of the width W of driving transistor
TFT2 results in the increase of emissive area (or aperture).
If the width W of driving transistor TFT2 is fixed to be 300
um, the driving current of driving transistor TFT2 increases
without a reduction of the emissive area.

[0047] However, when the thickness T2 of gate insulating
layer 222' of driving transistor TFT2 and the thickness T1 of
gate insulating layer 220 of switching transistor TFT1 simul-
taneously decrease to increase the driving current of driving
transistor TFT2, a reliability problem such as the breakdown
of switching transistor TFT1 may occur.

[0048] Generally, the driving voltage applied to first gate
electrode G1 of switching transistor TFT1 is 20V to 25V.
The driving voltage applied to second gate electrode G2 is
less than 10 V. Switching transistor TFT1 is driven by a
higher voltage than driving transistor TFT2.

[0049] According to the present invention, the thickness
T2 of second gate insulating layer 222' of driving transistor
TFT2 is smaller than the thickness T1 of first gate insulating
layer 220 of switching transistor TFT1. In this case, the
driving current and the luminescence of light emitting diode
300 increase without the reliability problem. For examplc
when the thickness T1 of first gate insulating layer 220 is
3000 to 4500 A, the thickness T2 of second gate insulating
layer 222' is 1500 to 3500 A. When the thickness T1 of first
gate insulating layer 220 is less than 3000 A, the breakdown
of switching transistor TFT1 may occur because switching
transistor TFT1 is driven by a high voltage. When the
thickness T1 of first gate insulating layer 220 is larger than
4500 A, the current flowing through switching transistor
TFT1 decreases. When the thickness T2 of second gate
insulating layer 222" is less than 1500 A, the reliability
problem may occur in driving transistor TEFT2. When the
thickness T2 of second gate insulating layer 222" is larger
than 3500 A, the current flowing through driving transistor
TFT2 decrease. The range of the optimum thickness of first
and second gate insulating layer 220, 222" depends on the
size of switching transistor TFT1 and driving transistor
TFT2.

[0050] Data bus line DBL, power supply line PSL, first
drain electrode D1 and second source electrode S2 are
formed of a refractory metal such as chromium, titanium,
tantalum, molybdenum or an alloy thereof. Data bus line
DBL, power supply line PSL, first drain electrode D1 and
second source electrode S2 can have a multiple-layer struc-
ture as well as a single-layer structure. The sidewalls of data
bus line DBL, power supply line PSL, first drain electrode
D1 and second source electrode S2 are respectively sloped
at 30° to 80° against the surface of substrate 10.

[0051] A firstinsulating interlayer 340 is formed over data
bus line DBL, power supply line PSL, first drain electrode
D1, second source electrode S2 and portions of semicon-
ductor patterns 232, 235. First inter insulating layer 340 can
be formed of a photosensitive or non-photosensitive organic
material or a low dielectric material with a dielectric con-
stant of 4.0 or lower, such as a-Si:C:0 and a-Si:O:F, which
can be formed by a plasma enhanced chemical vapor depo-
sition. In addition, first insulating interlayer 340 can be
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formed of an inorganic material such as SiNx, and can have
a multiple-layered structure including an inorganic under-
layer and an organic upper-layer.

[0052] Through first insulating interlayer 340, a first con-
tact hole CT1 exposing first drain electrode D1, a second
contact hole CT2 exposing second gate electrode G2, and a
third contact hole CT3 exposing second source electrode S2
are formed. On first insulating interlayer 340, a pixel elec-
trode 310 is formed so as to connect to second source
electrode S2 through third contact hole CT3, and a connect-
ing electrode 305 is formed so as to make connection
between first drain electrode D1 and second gate electrode
G2 through first contact hole CT1 and second contact hole
CT2.

[0053] Pixel electrode 310 receives the driving current
from power supply line PSL. Pixel electrode 310 is formed
of a transparent conductive material and within the area
defined by gate bus line GBL and data bus line DBL.

[0054] A bank 350 is formed on first insulating interlayer
340, pixel electrode 310, and connecting electrode 305.
Bank 350 which is made of an insulating material has a
through-hole that exposes a portion of pixel electrode 310.

[0055] An organic light emitting layer 320 is formed in the
hole of bank 350. Organic light emitting layer 320 includes
alight emitting layer which emits red, green or blue. Organic
light emitting layer 320 may further include at least one of
a hole injection layer, a hole transporting layer, an electron
transporting layer and an electron injection layer.

[0056] A counter electrode 330, which covers the whole
area of substrate 10 except where terminals for connecting
to external circuits are formed, is formed over bank 350 and
organic light emitting layer 320. Counter electrode 330 is
formed of at least one of aluminum (Al), calcium (Ca),
barium (Ba), magnesium (Mg), and their alloys and provides
electrons into organic light-emitting layer 320. In accor-
dance with the embodiment of FIG. 1, when the data signal
voltage and the gate signal voltage are respectively applied
to data bus line DBL and switching transistor TFT1, switch-
ing transistor TFT1 transmits the data signal voltage from
data bus line DBL to second gate electrode G2 of driving
transistor TFT2 and storage capacitor Cst. Then, depending
on the difference between the voltage applied to second gate
electrode G2 and the voltage applied to second source
electrode S2, driving transistor TFT2 allows the current
from power supply line PSL to flow to light emitting diode
300. Storage capacitor Cst stores the voltage difference until
a next data signal voltage is transmitted to, so that a uniform
current can flow through driving transistor TFT2 until the
next data signal voltage arrives.

[0057] When the current is provided from driving transis-
tor TFT2 to light emitting diode 300, pixel electrode 310
injects holes to organic light emitting layer 320, and counter
electrode 330 injects electrons to organic light emitting layer
320. When the electrons and the holes are injected into,
organic light emitting layer 320 generates excitons by cou-
pling the electrons to the holes and generates light when the
energy level of the excitons changes from an excitation state
to a ground state.

[0058] In accordance with other embodiments of the
present invention, the arrangement and material for pixel
electrode 310 and counter electrode 330 can be varied. In
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one exemplary case, where the direction of light emission is
reversed, pixel electrode 310 is formed of at least one of
aluminum (Al), calcium (Ca), barium (Ba), magnesium
(Mg), and their alloys and provides electrons into organic
light-emitting layer 320, and counter electrode 330 is
formed of ITO.

[0059] In another exemplary case, where the direction of
light emission is also reversed, counter electrode 330 is
formed of at least one of aluminum (Al), calcium (Ca),
barium (Ba), magnesium (Mg), and their alloys. However,
counter electrode 330 is formed to be thin so that counter
electrode 330 becomes transparent. Pixel electrode 310 has
a double-layer structure. The upper layer is formed of ITO
or IZ0, and the lower layer is formed of a metal layer so as
reflect the light emitted from organic light emitting layer
320. Silver, chromium, and aluminum can be used as the
lower layer.

[0060] FIGS. 4 to 14 illustrate a method of fabricating an
OLED display device of FIG. 2.

[0061] FIG. 4 is a plan view showing gate bus line GBL
including first gate electrode G1, and second gate electrode
G2. FIG. 5 is a cross sectional view taken along the line
B-B' of FIG. 4.

[0062] Referring to FIGS. 4 and 5, a metal layer is formed
over substrate 10 by a chemical vapor deposition (CVD) or
a sputtering. Gate bus line GBL, first gate electrode G1,
second gate electrode G2 and storage electrode CE are
formed by patterning the metal layer.

[0063] Gate bus line GBL extends in a horizontal direction
as shown in FIG. 4. First gate electrode G1 protrudes in a
vertical direction from gate bus line GBL. Second gate
electrode G2 is spaced apart from first gate electrode G1 by
a predetermined distance. Second gate electrode G2 extends
so as 1o include storage electrode CE. Storage electrode CE
is arranged in the vertical direction and is spaced apart from
gate bus line GBL by a predetermined distance.

[0064] Afirst insulating layer 221 is formed over substrate
10 after forming gate bus line GBL, first gate electrode G1
and second gate electrode G2, and storage electrode CE.
First insulating layer can be formed of an insulating material
such as SiN, or SiO,, or a high dielectric material such as
HfO,.

[0065] FIGS. 6 to 8 illustrates a method of fabricating gate
insulating layer thickness T1 (FIG. 3) larger than gate
insulating layer thickness T2 (FIG. 3).

[0066] Referring to FIG. 6, wet or dry etching patterns
first insulating layer 221 using a blocking layer 224, so that
the remaining portion of first insulating layer 221 covers first
gate electrode G1. Blocking layer 224 is a photo-resist layer.
When SiNx is used as insulating layer 221, phosphoric acid
and SF, gas are used as an etching agent for wet and dry
etching, respectively. Referring to FIG. 7, after blocking
layer 224 is removed, second insulating layer 222 is formed
so as to cover gate bus line GBL, first gate electrode Gl,
second gate electrode G2 and storage electrode CE. As the
result, first insulating layer 221 and second insulating layer
222 forms first gate insulating layer 220 on first gate
electrode G1. Second insulating layer 222 forms second gate
insulating layer 222' on second gate electrode G2. Accord-
ingly, first gate insulating layer 220 on first gate electrode
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G1 is thicker than second gate insulating layer 222' on the
second gate electrode G2. After the formation of second
insulating layer 222, an amorphous silicon layer 232" and a
doped amorphous silicon layer 233 are sequentially formed
on second insulating layer 222 by a chemical vapor depo-
sition (CVD).

[0067] Referring to FIG. 8, by patterning amorphous
silicon layer 232' and doped amorphous silicon layer 233,
first semiconductor pattern 232, second semiconductor pat-
tern 235, a first doped semiconductor pattern 240 and a
second doped semiconductor pattern 241 are formed.

[0068] FIG. 9 is a plan view of a data bus line, a first and
a second source electrode, a power supply line, a first and
second drain electrode of FIG. 2, and FIG. 10 is a cross
sectional view taken along the line C-C' of FIG. 9.

[0069] Referring to FIGS. 9 and 10, a metal layer is
formed on doped semiconductor patterns 240, 241 (FIG. 8)
by a chemical vapor deposition or a sputtering. The metal
layer is patterned so as to form data bus line DBL, first
source electrode S1, first drain electrode D1, power supply
line PSL, second drain electrode D2 and second source
electrode S2 and to expose the portions of doped semicon-
ductor patterns 240, 241, under which first gate electrode G1
and second gate electrode G2 are. Then the exposed portions
of doped semiconductor patterns 240,241 are removed so as
to expose the portions of first semiconductor pattern 232 and
second semiconductor pattern 235. As a result, first ohmic
contact layer 242 is formed under the first source electrode
S1, and second ohmic contact layer 244 is formed under first
drain electrode D1, third ohmic contact layer 246 is formed
under second drain electrode D2, and fourth ohmic contact
layer 248 is formed under second source electrode S2. First
ohmic contact layer 242 and second ohmic contact layer 244
are spaced apart each other by a predetermined distance, and
third ohmic contact layer 246 and fourth ohmic contact layer
248 are spaced apart each other by a predetermined distance.
The surfaces of first and second semiconductor patterns 232,
235 are treated by plasma to stabilize the surface.

[0070] FIG. 11 is a plan view showing contact holes
formed at the first and the second drain electrode of FIG. 9.

FIG. 12 is a cross sectional view taken along the line D-D'
of FIG. 11.

[0071] Referring to FIGS. 11 and 12, on the structure of
FIG. 10, first insulating interlayer 340 is formed by a
chemical vapor deposition (CVD). Then first insulating
interlayer 340 is patterned to form first contact hole CT1
exposing a portion of first drain electrode D1, second contact
hole CT2 exposing a portion of second gate electrode G2
and third contact hole CT3 exposing a portion of the second
source electrode S2. Insulating interlayer 340 is formed of
SiNx.

[0072] FIG. 13 is a plan view showing connecting elec-
trode 305 and pixel electrode 310 formed on the structure of
FIG. 11. FIG. 14 is a cross sectional view taken along the
line E-E' of FIG. 13.

[0073] Referring to FIG. 13 and FIG. 14, a transparent
conductive layer, which is often formed of indium tin oxide
(ITO) or indium zinc oxide (IZO), is formed over insulating
interlayer 340 and in contact holes CT1, CT2 and CT3. Then
the conductive layer is patterned to form connecting elec-
trode 305 and pixel electrode 310. Pixel electrode 310
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electrically connects to second source electrode S2 through
third contact hole CT3. Connecting electrode 305 electri-
cally connects to first drain electrode through first contact
hole CT1 and to second gate electrode G2 through second
contact hole CT2.

[0074] Finally, as shown in FIGS. 2 and 3, an inorganic
insulating layer or an organic insulating layer is deposited
over first insulating interlayer 340, connecting electrode 305
and pixel electrode 310 and then patterned to form bank 350
and to expose pixel electrode 310.

[0075] Although not shown in FIGS. 3 and 4, in order to
protect organic light emitting layer 320, a sealing cap or a
thin protection film may be further formed over counter
electrode 330. The protection film can be an organic material
or inorganic material.

[0076] Although the invention has been described with
reference to particular embodiments, the description is an
example of the invention’s application and should not be
taken as a limitation. Various adaptations and combinations
of the features of the embodiments disclosed are within the
scope of the invention as defined by the following claims.

What is claimed is:
1. A display device comprising:

a first transistor comprising a first gate insulating layer;

a second transistor comprising a second gate insulating
layer; and

a light emitting diode which is driven by the second
transistor, wherein the second gate insulating layer is
thinner than the first gate insulating layer, and the first
transistor connects to the second transistor such that the
first transistor controls the second transistor.

2. The display device of claim 1, wherein a first drain
electrode of the first transistor connects to the second gate
insulating layer(?)->a first drain electrode of the first tran-
sistor connects to a gate electrode of the second transistor.

3. The display device of claim 1, wherein the first gate
insulating layer has the thickness of 3000 A to 4500 A.

4. The display device of claim 1, wherein the second gate
insulating layer has the thickness of 1500 A to 3000 A.

5. The display device of claim 1, wherein the light
emitting diode comprises a cathode, an anode, and a light-
emitting element.

6. The display device of claim 5, wherein the light
emitting element comprises an organic material.

7. The display device of claim 1, wherein the first gate
insulating layer is formed of a single layer, and the second
gate insulating layer is formed of a double layer.

8. A display device comprising: a first transistor that
receives a data signal and outputs a control signal depending
on the magnitude of the data signal, wherein the first
transistor comprises a first gate insulating layer;

a second transistor that receives the control signal from
the first transistor and, in response to the control signal,
produces a driving current; wherein the second tran-
sistor comprises a second gate insulating layer and

a light emitting diode that receives the driving current and
emits a light,
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wherein a thickness of the first gate insulating layer is
different from a thickness of the second gate insulating
layer
9. The display device of claim 8, further comprising a
storage capacitor that stores the control signal from the first
transistor in order that the second transistor can be main-
tained at a level of the control signal.
10. The display device of claim 8, wherein the second gate
insulating layer is thicker than the first gate insulating layer.
11. The display device of claim 10, wherein the thickness
of the first gate insulating layer is 3000 A to 4500 A.
12. The display device of claim 10, wherein the thickness
of the second gate insulating layer is 1500 A to 3000 A.
13. A method of manufacturing an display device, com-
prising:

forming a first gate electrode and a second gate electrode
over a substrate;

forming a first insulating layer over the first and the
second gate electrode;

removing partially the first insulating layer in an area on
and around the second gate electrode;

forming a second insulating layer over the first insulating
layer and the second gate electrode;

forming a first semiconductor pattern over the second
insulating layer on the first gate electrode and a second
semiconductor pattern over the second insulating layer
on the second gate electrode;

forming a first source electrode and a first drain electrode
on the first semiconductor pattern;

forming a second source electrode and a second drain
electrode on the second semiconductor pattern; and

forming an organic light emitting diode connected to the
second drain electrode.
14. The method of claim 13, further comprising: forming
a doped amorphous silicon layer over the first semiconduc-
tor pattern; and
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forming a first ohmic contact layer and a second ohmic
contact layer by patterning the doped amorphous sili-
con layer;

15. The method of claim 13, further comprising:

forming a doped amorphous silicon layer over the second
semiconductor pattern;

forming a third ohmic contact layer and a fourth ohmic
contact layer by patterning the doped amorphous sili-
con layer;

16. The method of claim 13, wherein a storage capacitor
is formed simultaneously in forming the second gate elec-
trode.

17. The method of claim 13, further comprising:

forming a first insulating interlayer, wherein the first
insulating interlayer has a first contact hole, a second
contact hole and a third contact hole, which expose the
first drain electrode, the second gate electrode and the
second source electrode, respectively.
18. The method of claim 13, wherein forming the organic
light emitting diode comprising:

forming a connecting electrode connecting the first drain
electrode to the second gate electrode and a pixel
electrode connected to the second source electrode;

forming an organic light emitting layer over the pixel
electrode; and

forming a counter electrode over the organic light emit-
ting layer.

19. The method of claim 18, further comprising forming
a bank that exposes the pixel electrode.

20. The method of claim 18, wherein the counter electrode
is transparent.

21. The method of claim 20, wherein the pixel electrode
has a double-layer structure.

22. The method of claim 21, wherein the upper layer of
the double-layer is formed of ITO or IZO and the lower layer
of the double-layer is formed of a reflective layer.
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