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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0139521,
filed on Oct. 25, 2017, in the Korean Intellectual Property
Office, d entitled: “Organic Light Emitting Diode Display
and Method for Manufacturing the Same,” is incorporated
by reference herein in its entirety.

BACKGROUND

1. Field

[0002] This disclosure relates to an organic light emitting
diode display and a manufacturing method thereof.

2. Description of the Related Art

[0003] An organic light emitting diode display may
include two electrodes and an organic emission layer dis-
posed therebetween. Electrons injected from a cathode as a
first electrode and holes injected from an anode as a second
electrode may combine in the organic emission layer to
generate excitons, and the excitons may emit light while
emitting energy.

[0004] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0005] Embodiments are directed to an organic light emit-
ting diode display, including a substrate, a scan line on the
substrate to transfer a scan signal, a data line on the substrate
to transfer a data signal, a switching transistor connected
with the scan line and the data line, a driving transistor
connected with the switching transistor, and an organic light
emitting diode electrically connected to the driving transis-
tor. The driving transistor may include a first semiconductor
layer, the switching transistor may include a second semi-
conductor layer, and the first semiconductor layer may have
a surface roughness that is greater than that of the second
semiconductor layer.

[0006] The first semiconductor layer may have RMS
roughness of about 9 nm to about 15 nm, and the second
semiconductor layer may have RMS roughness of about 2
nm to about 7 nm.

[0007] The first semiconductor layer may have RMS
roughness of about 10 nm to about 14 nm, and the second
semiconductor layer may have RMS roughness of about 5
nm to about 7 nm.

[0008] The first semiconductor layer and the second semi-
conductor layer include a polysilicon.

[0009] The switching transistor may have an S-factor that
is smaller than that of the driving transistor.

[0010] The organic light emitting diode display may fur-
ther include an insulating layer that covers the first semi-
conductor layer and the second semiconductor layer while
contacting the first semiconductor layer and the second
semiconductor layer.
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[0011] The organic light emitting diode display may fur-
ther include an emission control line configured to transfer
an emission control signal, and an emission contro] transis-
tor connected with the emission control line, the driving
transistor, and the organic light emitting diode.

[0012] Embodiments are also directed to a manufacturing
method of an organic light emitting diode display, the
method including forming an amorphous silicon layer on a
substrate, forming a polysilicon layer by irradiating a first
laser beam to the amorphous silicon layer, removing an
oxidized layer positioned on the polysilicon layer, selec-
tively irradiating a second laser beam to a second region of
the polysilicon layer, where a second semiconductor layer of
a second transistor is to be formed, while shielding a first
region of the polysilicon layer, where a first semiconductor
layer of a first transistor is to be formed, using a mask that
exposes the second region, and forming an insulating layer
on the polysilicon layer.

[0013] The selectively irradiating of the second laser beam
may include disposing the mask on the polysilicon layer, and
the mask may be a metal mask.

[0014] The second transistor may be a switching transistor
connected with a scan line for transferring a scan signal and
a data line for transferring a data signal, and the first
transistor may be a driving transistor connected with the
switching transistor.

[0015] The second region of the polysilicon layer may be
re-crystallized after being melted by irradiating the second
laser beam thereto.

[0016] The first region of the polysilicon layer may have
RMS roughness of about 9 nm to about 15 nm, and the
second region of the polysilicon layer where the second
semiconductor layer may have RMS roughness of about 2
nm to about 7 nm after being re-crystallized.

[0017] Density of the second laser beam may be about
80% to about 100% of density of the first laser beam.
[0018] The removing of the oxidized layer may be per-
formed by using a hydrogen fluoride solution.

[0019] According to the example embodiments, it is pos-
sible to improve switching capability of a switching tran-
sistor while maintaining a driving range of the driving
transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Features will become apparent to those of skill in
the art by describing in detail example embodiments with
reference to the attached drawings in which:

[0021] FIG. 1 illustrates a schematic cross-sectional view
of an organic light emitting diode display according to an
example embodiment.

[0022] FIG. 2 illustrates an equivalent circuit diagram of
one pixel of an organic light emitting diode display accord-
ing to an example embodiment.

[0023] FIG. 3 to FIG. 7 illustrate process cross-sectional
views of stages in a manufacturing process of an organic
light emitting diode display according to an example
embodiment.

[0024] FIG. 8A to FIG. 8C illustrate electron micrographs
of a polysilicon layer.

[0025] FIG. 9 illustrates a graph of an S-factor of a
transistor including a polysilicon layer.
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DETAILED DESCRIPTION

[0026] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey example implementations to those skilled in the art.
In the drawing figures, the dimensions of layers and regions
may be exaggerated for clarity of illustration. Like reference
numerals refer to like elements throughout.

[0027] It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0028] In the specification, unless explicitly described to
the contrary, the word “comprise” and variations such as
“comprises” or “comprising” will be understood to imply
the inclusion of stated elements but not the exclusion of any
other elements.

[0029] Further, in the specification, the phrase “in a plan
view”” means when an object portion is viewed from above,
and the phrase “in a cross-section” means when a cross-
section taken by vertically cutting an object portion is
viewed from the side.

[0030] FIG. 1 is a schematic cross-sectional view illus-
trating an organic light emitting diode display according to
an example embodiment, and FIG. 2 is an equivalent circuit
diagram illustrating one pixel of an organic light emitting
diode display according to an example embodiment.
[0031] FIG. 1 schematically illustrates a cross-sectional
structure of a region corresponding to one pixel PX of the
organic light emitting diode display, specifically illustrating
a driving transistor T1, a switching transistor T2, an emis-
sion control transistor T6, a storage capacitor Cst, and an
organic light emitting diode OLED among constituent ele-
ments of the pixel illustrated in FIG. 2.

[0032] Referring to FIG. 1 and FIG. 2, the organic light
emitting diode display according to the present example
embodiment includes a plurality of pixels PX positioned on
a substrate 110. Each pixel PX may include, for example,
transistors T1, T2, T3, T4, TS, T6, and T7, a storage
capacitor Cst, and an organic light emitting diode OLED
connected with various signal lines 151, 152, 153, 158, 171,
172, and 192.

[0033] The organic light emitting diode display may
include a display area (corresponding to a screen for dis-
playing an image) and a non-display area. The pixels PX
may be arranged in the display area in, e.g., a matrix form,
and drivers (such as a gate driver, an emission controller, a
data driver, and a signal controller) for operating the pixels
PX may be positioned in the non-display area.

[0034] The transistors may include, for example, the driv-
ing transistor T1, the switching transistor T2, the compen-
sation transistor T3, the initialization transistor T4, the
operation control transistor T5, the emission control tran-
sistor T6, and/or the bypass transistor T7, etc. Each of the
transistors may include a semiconductor layer including a
source electrode, a drain electrode, and a channel, and a gate
electrode.

[0035] For example, in the example embodiment shown in
FIG. 1, the driving transistor T1 includes a semiconductor
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layer including a source electrode S1, a drain electrode D1,
and a channel C1, and a gate electrode G1. The switching
transistor T2 includes a semiconductor layer including a
source electrode S2, a drain electrode D2, and a channel C2,
and a gate electrode G2. The emission control transistor T6
includes a semiconductor layer including a source electrode
S6, a drain electrode D6, and a channel C6, and a gate
electrode G6. In each of the transistors T1, T2, and T6, the
channels C1, C2, and C6 are positioned between the source
electrodes S1, S2, and S6 and the drain electrodes D1, D2,
and D6, and the gate electrodes G1, G2, and G6 overlap the
channels C1, C2, and C6. The semiconductor layers of the
transistors may include, for example, polysilicon formed by
crystallizing amorphous silicon.

[0036] As described in further detail below in connection
with FIGS. 3-7, according to an example embodiment, a
surface of the semiconductor layer of the switching transis-
tor T2 may be flatter than that of the semiconductor layer of
the driving transistor T1. For example, surface roughness of
the semiconductor layer of the switching transistor T2 may
be less than that of the semiconductor layer of the driving
transistor T1. For example, the switching transistor T2 may
have root mean square (RMS) roughness of 2 nm to 7 nm,
5nm to 7 nm, or 5 nm to 6 nm, and the driving transistor T1
may have RMS roughness of 9 nm to 15 nm, 10 nm to 14
nm, or 10 nm to 12 nm. The RMS roughness may be
obtained by, for example, AFM (atomic force microscope)
surface roughness analysis. A small RMS roughness of the
semiconductor layer indicates a low height of a protrusion of
a surface of the semiconductor layer. The protrusion of the
surface of the semiconductor layer may be formed, for
example, as the result of a phase change (e.g., solid, liquid,
and solid) that occurs during crystallization of amorphous
silicon.

[0037] A small roughness may help to reduce an electric
field concentrated on the protrusion of the surface of the
semiconductor layer, and an amount of charge trapped at an
interface between the semiconductor layer and the insulating
layer near a grain boundary may be reduced to generally
decrease an interface trap charge. When the interface trap
charge is decreased, an interface trap density may be
reduced to decrease an S-factor. The S-factor, which is a
current-voltage characteristic of a transistor, indicates a
magnitude (amount of change) of a gate voltage required to
increase the drain current by 10 times when the gate voltage
equal to or smaller than a threshold voltage is applied to the
transistor. The S-factor may be referred to as a sub-threshold
slope.

[0038] According to the present example embodiment, the
S-factor of the driving transistor T1 is relatively large, and
the S-factor of the switching transistor T2 is relatively small.
The differences in S-factors may be formed by implement-
ing a difference in the surface roughness between the semi-
conductor layers of the driving transistor T1 and the switch-
ing transistor T2. Accordingly, the driving transistor T1 may
have a wide driving range, and the switching transistor T2
may have a quick switching characteristic. In the switching
transistor T2, it may be advantageous to have a smaller
S-factor for a quick driving speed. In the driving transistor
T1, it may be advantageous to have a larger S-factor for gray
expression.

[0039] The semiconductor layers of other transistors, for
example transistors T3, T4, T5, T6, and T7, may have an
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RMS roughness that is similar to that of the semiconductor
layer of the driving transistor T1 or similar to that of the
switching transistor T2.

[0040] Hereinafter, a cross-sectional structure of an
organic light emitting diode display according to an example
embodiment will be described depending on a stacked order
thereof with reference to FIG. 1, and a connection relation-
ship and operation of an organic light emitting diode display
according to an example embodiment will be described in
view of circuits with reference to FIG. 2. In the cross-
sectional structure, the operation control transistor T5, the
compensation transistor T3, the initialization transistor T4,
the operation control transistor T5, and the bypass transistor
T7 may have a substantially same stacked structure as that
of the emission control transistor T6, and a detailed descrip-
tion thereof will be omitted.

[0041] Referring to FIG. 1, in the present example
embodiment, a buffer layer 120 is on the substrate 110. The
substrate 110 may be made of an insulating material such as
plastic, glass, quartz, or ceramic. The buffer layer 120 may
serve to block impurities that may diffuse from the substrate
110 into the semiconductor layer while the semiconductor
layer is formed to reduce a stress of the substrate 110, and
may include, for example, an inorganic insulating material.
[0042] A semiconductor layer of the driving transistor T1
(which includes a source electrode S1, a drain electrode D1,
and a channel C1), a semiconductor layer of the switching
transistor T2 (which includes a source electrode S2, a drain
electrode D2, and a channel C2), and a semiconductor layer
of the emission control transistor T6 (which includes a
source electrode S6, a drain electrode D6, and a channel C6)
are on the buffer layer 120. In the present example embodi-
ment, the semiconductor layer of the switching transistor T2
may have a surface roughness that is less than that of the
semiconductor layer of the driving transistor T1.

[0043] A first insulating layer 141 may cover the semi-
conductor layers. Gate electrodes G1, G2, and G6 may be
disposed on the first insulating layer 141. One or more of a
scan line 151, a previous-stage scan line 152, an emission
control line 153, or a bypass control line 158 illustrated in
FIG. 2 may be positioned at a same layer as that of the gate
electrodes G1, G2, and G6. The gate electrode G1 of the
driving transistor T1 may be used as a first storage electrode
E1 of the storage capacitor Cst. A second insulating layer
142 may cover the gate electrodes G1, G2, and G6. The first
and second insulating layers 141 and 142 may include, for
example, an inorganic insulating material such as a silicon
nitride (SiNx) or a silicon oxide (SiOy).

[0044] A second storage electrode E2 of the storage
capacitor Cst may be disposed on the second insulating layer
142, and a third insulating layer 160 may be disposed on the
second storage electrode E2. The third insulating layer 160
may include, for example, an inorganic insulating material
such as a silicon nitride (SiNx) or a silicon oxide (SiOy), an
organic insulating material, etc.

[0045] A data line 171 and a data connecting member 179
may be disposed on the third insulating layer 160. The data
line 171 may be connected with the source electrode S2 of
the switching transistor T2 through a contact hole formed in
the first, second, and third insulating layers 141, 142, and
160. The data connecting member 179 may be connected
with the drain electrode D2 of the emission control transistor
T6 through a contact hole formed in the first, second, and
third insulating layers 141, 142, and 160. A driving voltage
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line 172 illustrated in FIG. 2 may be positioned at a same
layer as that of the data line 171.

[0046] A planarization layer 180 may be disposed on the
data line 171 and the data connecting member 179. The
planarization layer 180 may include, for example, an organic
insulating material. A pixel electrode 191 may be positioned
on the planarization layer 180. The pixel electrode 191 may
be connected with the data connecting member 179 through
a contact hole formed in the planarization layer 180. An
initialization voltage line 192 illustrated in FIG. 2 may be
positioned at a same layer as that of the pixel electrode 191.
[0047] A pixel definition layer 360 having an opening that
overlaps the pixel electrode 191 may be positioned on the
planarization layer 180. The pixel definition layer 360 may
include, for example, an organic insulating material or an
inorganic insulating material.

[0048] An organic emission layer 370 may be positioned
on the pixel electrode 191, and a common electrode 270 may
be positioned on the organic emission layer 370. The pixel
electrode 191, the organic emission layer 370, and the
common electrode 270 may constitute an organic light
emitting diode OLED. The pixel electrode 191 may be an
anode, which is a hole-injection electrode, and the common
electrode 270 may be a cathode, which is an electron-
injection electrode. Holes and electrons may be injected into
the organic light emitting layer 370 from the pixel electrode
191 and the common electrode 270, and light may be
emitted when excitons obtained by combining the injected
holes and electrons transition from an excited state to a
ground state.

[0049] An encapsulation layer 390 for protecting the
organic light emitting diode OLED may be disposed on the
common electrode 270. The encapsulation layer 390 may be,
for example, a thin film encapsulation layer in which an
inorganic film and an organic film are stacked.

[0050] Referring to FIG. 2, the signal lines may include
the scan line 151, the previous-stage scan line 152, the
emission control line 153, the bypass control line 158, the
data line 171, the driving voltage line 172, and the initial-
ization voltage line 192.

[0051] Inthe circuit illustrated in FIG. 2, the scan line 151
is connected with a gate driver to transfer a scan signal Sn
to the switching transistor T2 and the compensation transis-
tor T3. The previous-stage scan line 152 is connected with
the gate driver to transfer a previous-stage scan signal Sn—1
to the initialization transistor T4. The emission control line
153 is connected with an emission controller (not illustrated)
to transfer an emission control signal EM to the operation
control transistor T5 and the emission control transistor T6.
The bypass control line 158 transfers a bypass signal BP to
the bypass transistor T7.

[0052] The data line 171 transfers a data signal Dm
generated in the data driver, and the driving voltage line 172
transfers a driving voltage ELVDD. The initialization volt-
age line 192 transfers an initialization voltage Vint for
initializing the driving transistor T1.

[0053] The driving transistor T1 is connected with the first
storage electrode E1 of the storage capacitor Cst. The source
electrode S1 of the driving transistor T1 is connected with
the driving voltage line 172 via the operation control tran-
sistor T5. The drain electrode D1 of the driving transistor T1
is connected with the anode of the organic light emitting
diode OLED via the emission control transistor T6. The
driving transistor T1 receives a data signal Dm depending on



US 2019/0123123 Al

a switching operation of the switching transistor T2 to
transfer a driving current Id to the organic light emitting
diode OLED.

[0054] The switching transistor T2 has the gate electrode
G2 connected with the scan line 151 and the source electrode
S2 connected with the data line 171. The drain electrode D2
of the switching transistor T2 is connected with the source
electrode S1 of the driving transistor T1, and is connected
with the connected with the operation control transistor T5
via the driving voltage line 172. When the switching tran-
sistor T2 is turned on depending on the scan signal Sn
transferred through the scan line 151, the data signal Dm
transferred through the data line 171 is transferred to the
source electrode S1 of the driving transistor T1.

[0055] The compensation transistor T3 has the gate elec-
trode G3 connected with the scan line 151, and the source
electrode S3 connected with the drain electrode D1 of the
driving transistor T1 and the source electrode S6 of the
emission control transistor T6. The drain electrode D3 of the
compensation transistor T3 is connected with the drain
electrode D4 of the initialization transistor T4, the first
storage electrode E1 of the storage capacitor Cst, and the
gate electrode G1 of the driving transistor T1. The compen-
sation transistor T3 is turned on depending on the scan signal
Sn transferred through the scan line 151 to connect the gate
electrode G1 and the drain electrode D1 of the driving
transistor T1, i.e., to diode-connect the driving transistor T1.
[0056] The initialization transistor T4 has the gate elec-
trode G4 connected with the previous-stage scan line 152,
and the source electrode S4 connected with the initialization
voltage line 192. The drain electrode D4 of the initialization
transistor T4 is connected with the first storage electrode E1
of the storage capacitor Cst and the driving gate electrode
G1 of the driving transistor T1. The initialization transistor
T4 1s turned on depending on the previous-stage scan signal
Sn-1 transferred through the previous-stage scan line 152 to
transfer the initialization voltage Vint to the gate electrode
G1 of the driving transistor T1. Accordingly, the gate voltage
of the gate electrode G1 of the driving transistor T1 is
initialized.

[0057] The operation control transistor T5 has the gate
electrode G5 connected with the emission control line 153,
and the source electrode S5 connected with the driving
voltage line 172. The drain electrode D5 of the operation
control transistor T5 is connected with the source electrode
S1 of the driving transistor T1 and the drain electrode D2 of
the switching transistor T2. The emission control transistor
T6 has the gate electrode G6 connected with the emission
control line 153, and the drain electrode D6 connected with
the anode of the organic light emitting diode OLED. The
source electrode S6 of the emission control transistor T6 is
connected with the drain electrode D1 of the driving tran-
sistor T1 and the source electrode S3 of the compensation
transistor T3. The operation control transistor TS and the
emission control transistor T6 are simultaneously turned on
depending on the emission control signal EM transferred
through the emission control line 153, and thus the driving
voltage ELVDD is compensated by the diode-connected
driving transistor T1 to be transferred to the organic light
emitting diode OLED.

[0058] The bypass transistor T7 has the gate electrode G7
connected with the bypass control line 158, the source
electrode S7 connected with the drain electrode D6 of the
emission control transistor Té and the anode of the organic
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light emitting diode OLED, and the drain electrode D7
connected with the initialization voltage line 192 and the
source electrode S4 of the initialization transistor T4. The
bypass control line 158 may be connected with the previous-
stage scan line 152.

[0059] The second storage electrode E2 of the storage
capacitor Cst is connected with the driving voltage line 172.
The cathode of the organic light emitting diode OLED 1is
connected with a common voltage line 741 for transferring
a common voltage ELVSS.

[0060] For operation of one pixel of the organic light
emitting diode display according to the present example
embodiment, a previous-stage scan signal Sn—-1 of a low
level may be supplied to the pixel PX through the previous-
stage scan line 152 during an initialization period. Then, the
initialization transistor T4 may be turned on depending on
the previous-stage scan signal Sn-1 of a low level, and the
initialization voltage Vint may be applied from the initial-
ization voltage line 192 to the gate electrode G1 of the
driving transistor T1 through the initialization transistor T4
to thereby initialize the driving transistor T1.

[0061] Next, the scan signal Sn of a low level may be
supplied to the pixel PX through the scan line 151 during a
data programming period. Then, the switching transistor T2
and the compensation transistor T3 may be turned on
depending on the scan signal Sn of a low level, and the
driving transistor T1 may be diode-connected by the turned-
on compensation transistor T3 to be biased in a forward
direction. Then, a compensation voltage Dm+Vth (Vth
being a negative value) (obtained by reducing a threshold
voltage Vth of the driving transistor T1 from the data signal
Dm transferred through the data line 171) may be applied to
the gate electrode G1 of the driving transistor T1. The
driving voltage ELVDD and the compensation voltage
Dm+Vth may be applied to two storage electrodes E1 and
B2 of the storage capacitor Cst, and a charge corresponding
to a difference between the two storage electrodes E1 and E2
may be stored in the storage capacitor Cst.

[0062] Next, the emission control signal EM supplied
from the emission control line 153 may be changed from a
high level to a low level such that the operation control
transistor T5 and the emission control transistor T6 are
turned on by the emission control signal EM of a low level
during an emission period. Then, a driving current Id may be
generated depending on a voltage difference between a gate
voltage of the gate electrode G1 of the driving transistor T1
and the driving voltage ELVDD, and the driving current Id
may be supplied to the organic light emitting diode OLED
through the emission control transistor T6. During the
emission period, the gate-source voltage Vgs of the driving
transistor T1 may be maintained by the storage capacitor Cst
as “(Dm+Vth)-ELVDD”, and the driving current Id may be
proportional to “(Dm-ELVDD)2” obtained by square of a
value obtained by subtracting the threshold voltage Vth from
the gate-source voltage Vgs depending on a current-voltage
relationship of the driving transistor T1. Accordingly, the
driving current Id may be determined regardless of the
threshold voltage Vth of the driving transistor T1, and thus
it may be possible to ameliorate non-uniformity of the
characteristic of the driving transistor T1, which may occur
due to process dispersion, for example.

[0063] The bypass transistor T7 may disperse some of a
minimum current of driving transistor T1 (i.e., a current in
a condition where the driving transistor T1 is turned off
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because the gate-source voltage Vs of the driving transistor
T1 is smaller than the threshold voltage Vth) as a bypass
current Ibp in currents other than a current path at a side of
the organic light emitting diode. Accordingly, a black gray
may be more precisely displayed, and a contrast ratio may
be improved.

[0064] In the example embodiment of FIG. 2, the pixel
circuit includes seven transistors and one capacitor, but the
number of the transistors, a number of the capacitors, and
their connection relationships, and a driving method thereof,
may be variously modified.

[0065] Hereinafter, a manufacturing method of an organic
light emitting diode display will be described with reference
to FIG. 3 to FIG. 7.

[0066] FIG. 3 to FIG. 7 are process cross-sectional views
illustrating a manufacturing process of an organic light
emitting diode display according to an example embodi-
ment.

[0067] Referring to FIG. 3, the buffer layer 120 may be
formed on the substrate 110, and then an amorphous silicon
layer 130 may be formed. An oxidized layer 30 may be
spontaneously formed on a surface of amorphous silicon
layer 130.

[0068] Referring to FIG. 4, a polysilicon layer 131 may be
formed by, for example, irradiating a first excimer laser
beam LB1 to the amorphous silicon layer 130. The poly-
silicon layer 131 may be formed by melting and solidifying
the amorphous silicon layer 130 by the first excimer laser
beam LB1. In this case, the oxidized layer 30 may be melted
and then solidified, and, as shown in the inset in FIG. 4,
protrusions may be formed corresponding to grain bound-
aries of the polysilicon layer 131. The oxidized layer 30 may
be positioned to correspond to the protrusions. A height of
the protrusions corresponding to the grain boundary of the
polysilicon layer 131 may be a height from a lower surface
of the polysilicon layer 131 to a peak of the protrusions of
the polysilicon layer 131. In addition, the height may be a
thickness of the polysilicon layer 131.

[0069] A width of the first excimer laser beam [.B1 may
be, for example, in a range of 450 pm to 510 um. An energy
density of the first excimer laser beam [LB1 may be, for
example, in a range of 405 mJ/cm® to 425 mJ/cm®. The first
excimer laser beam LB1 may be irradiated to the amorphous
silicon layer 130 so as to be overlapped therewith by, for
example, 80% to 95% in one direction. A scan pitch of the
first excimer laser beam LB1 in one direction may be, for
example, in a range of 20 pm to 40 pm.

[0070] Referring to FIG. 5, the oxidized layer 30 posi-
tioned on the polysilicon layer 131 may be removed. For
example, the oxidized layer 30 may be removed by applying
a hydrogen fluoride (HF) solution having a concentration of
0.5% to the polysilicon layer 131 for about 30 to 180
seconds, and the polysilicon layer 131 may be washed with
deionized water and hydrogen water. Referring to the inset
in FIG. 5, the height of the protrusions corresponding to the
grain boundaries of the polysilicon layer 131 may be
reduced in the course of removing the oxidized layer 30.
[0071] Referring to FIG. 6, a mask M for shielding a first
region (in which the semiconductor layer of the driving
transistor T1 is to be formed) and for exposing a second
region (in which the semiconductor layer of the switching
transistor T2 is to be formed) may be disposed on or adjacent
to the polysilicon layer 131. The mask M may be, for
example, a metal mask.
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[0072] Next, a second excimer laser beam LB2 may be
irradiated onto the mask M. The second excimer laser beam
LB2 may be selectively irradiated onto the second region of
the semiconductor layer of the switching transistor T2 in the
polysilicon layer 131. In the polysilicon layer 131, the
region onto which the second excimer laser beam LB2 is
irradiated, i.e., the second region of the semiconductor layer
of the switching transistor T2, is re-crystallized after being
melted. In this case, the oxidized layer 30 may be removed,
and a tension caused by the oxidized layer 30 may be
removed at a time of the recrystallization. Further, as shown
in the inset in FIG. 6, a height of the protrusions corre-
sponding to the grain boundaries of the polysilicon layer 131
may be further reduced. Accordingly, surface roughness of
the re-crystalized second region of the polysilicon layer 131
may be smaller than that of other regions such as the first
region.

[0073] A width of the second excimer laser beam [LB2
may be, for example, in a range of 450 um to 510 um. An
energy density of the second excimer laser beam LB2 may
be, for example, in a range of 324 mJ/cm?® to 425 mJ/cm?,
and may be, for example, 80% to 100% of the energy density
of the first excimer laser beam [LB1. An energy density of the
second excimer laser beam [L.B2 may be, for example, in a
range of 340 mJ/cm? to 425 mJ/cm”. The second excimer
laser beam LB2 may be irradiated to the polysilicon layer
131 so as to be overlapped therewith by, for example, 78%
to 96% in one direction. A scan pitch of the second excimer
laser beam LB2 in one direction may be, for example, in a
range of 5 pm to 120 pm.

[0074] Referring to FIG. 7, semiconductor layers such as
the driving transistor T1, the switching transistor T2, and the
emission control transistor T6 may be formed by patterning
the polysilicon layer 131. The first insulating layer 141 may
be formed on the semiconductor layers, gate electrodes G1,
G2, and G6 may be formed on the first insulating layer 141,
and source electrodes S1, S2, and S6 and drain electrode D1,
D2, and D6 may be formed by, for example, doping the
semiconductor layers using the gate electrodes G1, G2, and
G6 as a mask. In the semiconductor layers, non-doped
regions may be channels C1, C2, and C6.

[0075] Next, an organic light emitting diode display such
as that illustrated in FIG. 1 may be manufactured by forming
and/or patterning layvers on the gate electrodes G1, G2, and
G6 in a general manner.

[0076] In the organic light emitting diode display manu-
factured as described above, the semiconductor layer of the
driving transistor T1 is not re-crystallized as a result of
shielding the second excimer laser beam LB2 by the mask
M, and thus the protrusions may remain in a state as
illustrated in FIG. 5. On the other hand, the semiconductor
layer of the switching transistor T2 is re-crystallized by the
second excimer laser beam LB2, and thus the protrusions
may be in a lowered state as illustrated in FIG. 6. Accord-
ingly, the S-factor of the switching transistor T2 may be
selectively reduced while maintaining the S-factor of the
driving transistor T1, and thus it may be possible to improve
performance of the organic light emitting diode display.
When the protrusions are lowered to reduce the surface
roughness, transistor mobility may be increased. Thus, it
may be possible to improve a switching characteristic of the
switching transistor T2.
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[0077] An experimental result showing an effect of apply-
ing the second excimer laser beam LB2 of the polysilicon
layer 131 will be described with reference to FIG. 8A to FIG.
8C and FIG. 9.

[0078] FIG. 8A to FIG. 8C are electron micrographs
illustrating a polysilicon layer, and FIG. 9 is a graph
illustrating an S-factor of a transistor including a polysilicon
layer.

[0079] FIG. 8A is a photograph illustrating a polysilicon
layer formed by irradiating the aforementioned first excimer
laser beam LB1 to the amorphous silicon layer, FIG. 8B is
a photograph illustrating the polysilicon layer from which
the oxidized layer is removed, and FIG. 8C is a photograph
illustrating the polysilicon layer re-crystalized by irradiating
the aforementioned second excimer laser beam LB2 to the
polysilicon layer from which the oxidized layer is removed.

[0080] Referring to FIGS. 8A, 8B, and 8C, it is seen that
maximum heights of the protrusions of the polysilicon layer
are reduced to 1026 A, 911 A, and 504 A in FIG. 8A, FIG.
8B, and FIG. 8C. A height of a central portion of the grain
as an average minimum height of the polysilicon layer is
hardly changed in FIG. 8A, FIG. 8B, and FIG. 8C. However,
an average maximum height, i.e., an average height of the
protrusions corresponding to the grain boundary, is about
800 A, 650 A, and 500 A. Accordingly, it is seen that the
surface roughness of the amorphous silicon layer is reduced
depending on the removal and re-crystallization of the
oxidized layer. This indicates that the surface roughness of
the semiconductor layer of the switching transistor T2 is
smaller than the surface roughness of the semiconductor
layer of the driving transistor T1 in the aforementioned
organic light emitting diode display according to the present
example embodiment.

[0081] Referring to FIG. 9, the label Ref indicates an
S-factor of the transistor including the polysilicon layer
formed by irradiating the first excimer laser beam LB1 to the
amorphous silicon layer, and the labels PLA1 and PLA2
indicate S-factors of the transistors including the polysilicon
layer re-crystalized by irradiating the second excimer laser
beam LB2 to the polysilicon layer from which the oxidized
layer is received. PLA1 and PLA2 are different in terms of
process time. The former indicates a case where an irradia-
tion time per unit area of the second excimer laser beam LB2
is 200% of that per unit area of the first excimer laser beam
LB1, and the latter indicates a case of 119%. It is seen that
the S-factor of the transistor including the polysilicon layer
re-crystalized by irradiating the second excimer laser beam
LB2 is reduced as compared with the Ref. This indicates that
the S-factor of the switching transistor T2 is smaller than
that of the driving transistor T1 in the aforementioned
organic light emitting diode display according to the present
example embodiment.

[0082] By way of summation and review, an organic light
emitting diode display may include pixels that each include,
for example, an organic light emitting diode including a
cathode, an anode, and an organic emission layer. Circuits of
each of the pixels may include, for example, a capacitor and
transistors for driving the organic light emitting diode. A
switching transistor, a driving transistor, a compensation
transistor, etc., may be included in the respective pixel
circuits.

[0083] As described above, embodiments may provide an
organic light emitting diode display and a manufacturing
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method thereof, capable of improving switching capability
of a switching transistor while maintaining a driving range
of the driving transistor.

[0084] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

What is claimed is:

1. An organic light emitting diode display, comprising:

a substrate;

a scan line on the substrate to transfer a scan signal;

a data line on the substrate to transfer a data signal;

a switching transistor connected with the scan line and the

data line;

a driving transistor connected with the switching transis-

tor; and

an organic light emitting diode electrically connected to

the driving transistor, wherein:

the driving transistor includes a first semiconductor layer,

the switching transistor includes a second semiconductor

layer, and

the first semiconductor layer has a surface roughness that

is greater than that of the second semiconductor layer.

2. The organic light emitting diode display as claimed in
claim 1, wherein the first semiconductor layer has RMS
roughness of about 9 nm to about 15 nm, and the second
semiconductor layer has RMS roughness of about 2 nm to
about 7 nm.

3. The organic light emitting diode display as claimed in
claim 2, wherein the first semiconductor layer has RMS
roughness of about 10 nm to about 14 nm, and the second
semiconductor layer has RMS roughness of about 5 nm to
about 7 nm.

4. The organic light emitting diode display as claimed in
claim 1, wherein the first semiconductor layer and the
second semiconductor layer include a polysilicon.

5. The organic light emitting diode display as claimed in
claim 4, wherein the switching transistor has an S-factor that
is smaller than that of the driving transistor.

6. The organic light emitting diode display as claimed in
claim 5, further comprising an insulating layer that covers
the first semiconductor layer and the second semiconductor
layer while contacting the first semiconductor layer and the
second semiconductor layer.

7. The organic light emitting diode display as claimed in
claim 1, further comprising:

an emission control line configured to transfer an emis-

sion control signal; and

an emission control transistor connected with the emis-

sion control line, the driving transistor, and the organic
light emitting diode.
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8. A manufacturing method of an organic light emitting
diode display, the method comprising:

forming an amorphous silicon layer on a substrate;

forming a polysilicon layer by irradiating a first laser

beam to the amorphous silicon layer;

removing an oxidized layer positioned on the polysilicon

layer;

selectively irradiating a second laser beam to a second

region of the polysilicon layer, where a second semi-
conductor layer of a second transistor is to be formed,
while shielding a first region of the polysilicon layer,
where a first semiconductor layer of a first transistor is
to be formed, using a mask that exposes the second
region; and

forming an insulating layer on the polysilicon layer.

9. The manufacturing method as claimed in claim 8,
wherein the selectively irradiating of the second laser beam
includes disposing the mask on the polysilicon layer, and the
mask is a metal mask.

10. The manufacturing method as claimed in claim 8,
wherein:
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the second transistor is a switching transistor connected
with a scan line for transferring a scan signal and a data
line for transferring a data signal, and

the first transistor is a driving transistor connected with

the switching transistor.

11. The manufacturing method as claimed in claim 8,
wherein the second region of the polysilicon layer is re-
crystallized after being melted by irradiating the second
laser beam thereto.

12. The manufacturing method as claimed in claim 11,
wherein the first region of the polysilicon layer has RMS
roughness of about 9 nm about to 15 nm, and the second
region of the polysilicon layer has RMS roughness of about
2 nm to about 7 nm after being re-crystallized.

13. The manufacturing method as claimed in claim 8,
wherein the second laser beam has an energy density that is
about 80% to about 100% of that of the first laser beam.

14. The manufacturing method as claimed in claim 8,
wherein the removing of the oxidized layer is performed by
using a hydrogen fluoride solution.

* ok %k
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