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TRANSISTOR, ORGANIC LIGHT EMITTING
DISPLAY HAVING THE SAME, AND
METHOD OF MANUFACTURING ORGANIC
LIGHT EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims priority to and the
benefit of Korean Patent Application No. 10-2014-0166650,
filed on Nov. 26, 2014, the content of which is hereby incor-
porated by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to a transistor, an
organic light emitting display having the same, and a method
of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Various display devices used in various multimedia
devices, such as television sets, mobile phones, tablet com-
puters, navigation systems, game units, etc., have been devel-
oped. Among them, an organic light emitting display is
widely used. The organic light emitting display is a self-
emissive display device and has advantages such as wide
viewing angle, superior contrast, fast response time, etc.
[0006] The organic light emitting display includes an
organic light emitting device, a capacitor charged with a
voltage corresponding to a data signal, and a transistor con-
trolling a driving current flowing through the organic light
emitting device to correspond to the voltage charged in the
capacitor.

SUMMARY

[0007] Aspects of embodiments of the present invention are
directed to a transistor used to control an organic light emit-
ting device included in an organic light emitting display (by,
e.g., controlling a driving current flowing through an organic
light emitting device), an organic light emitting display
including the transistor, and a method of manufacturing the
organic light emitting display.

[0008] According to one or more embodiments of the
present inventive concept, there is provided a transistor
including: a polysilicon layer on a base substrate and includ-
ing a channel region, a first ion doping region, a second ion
doping region, the channel region being between the first and
second ion doping regions, an average size of the grains in the
channel region being greater than that of the grains in the first
and second ion doping regions; a first gate electrode insulated
from and overlapping the channel region; a second gate elec-
trode insulated from the first gate electrode and overlapping
the channel region; an inter-insulating layer on the second
gate electrode; a source electrode on the inter-insulating layer
and connected to the first ion doping region; and a drain
electrode on the inter-insulating layer and connected to the
second ion doping region.

[0009] Inanembodiment, the grains have an average diam-
eter in a range from about 30 micrometers to about 40
micrometers in a center portion of the polysilicon layer and
have an average diameter in a range from about 10 microme-
ters to about 20 micrometers in an edge portion of the poly-
silicon layer.

[0010] Inanembodiment, the second gate electrode covers
the first gate electrode.
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[0011] In an embodiment, the channel region includes a
first channel region overlapping the first and second gate
electrodes in a direction in which the first and second ion
doping regions are connected to each other, and a second
channel region overlapping the second gate electrode and not
overlapped with the first gate electrode, and an average size of
corresponding ones of the grains in the first channel region is
greater than that of corresponding ones of the grains in the
second channel region.

[0012] In an embodiment, the first and second gate elec-
trodes define a capacitor charged with electric charges.

[0013] Inan embodiment, the transistor further includes: a
first gate insulating layer between the polysilicon layer and
the first gate electrode; and a second gate insulating layer
between the first gate electrode and the second gate electrode,
wherein the first gate insulating layer has a thickness less than
a thickness of the second gate insulating layer.

[0014] In an embodiment, the transistor further includes a
buffer layer between the base substrate and the polysilicon
layer.

[0015] According to one or more embodiments of the
present inventive concept, there is provided an organic light
emitting display including: a scan driver configured to apply
gate signals to gate lines and to apply light emitting control
signals to light emitting lines; a data driver configured to
apply data signals to data lines; and an organic light emitting
display panel including a plurality of pixels, each of the pixels
including an organic light emitting device and a circuit part
configured to control the organic light emitting device, the
circuit part including a first transistor and a second transistor,
the first transistor being configured to output a corresponding
data signal applied to a corresponding data line of the data
lines in response to a corresponding gate signal applied to a
corresponding gate line of the gate lines, and the second
transistor being configured to control a driving current flow-
ing through the organic light emitting device, the second
transistor including: a polysilicon layer on a base substrate
and including a channel region, a first ion doping region, a
second ion doping region, the channel region is being
between the first and second ion doping regions, an average
size of the grains in the channel region being greater than that
of the grains in the first and second ion doping regions; a first
gate electrode insulated from and overlapping the channel
region; a second gate electrode insulated from the first gate
electrode and overlapping the channel region; an inter-insu-
lating layer on the second gate electrode; a source electrode
on the inter-insulating layer and connected to the first ion
doping region; and a drain electrode on the inter-insulating
layer and connected to the second ion doping region.

[0016] Inanembodiment, the grains have an average diam-
eter in a range from about 30 micrometers to about 40
micrometers in a center portion of the polysilicon layer and
have an average diameter in a range from about 10 microme-
ters to about 20 micrometers in an edge portion of the poly-
silicon layer.

[0017] Inanembodiment, the second gate electrode covers
the first gate electrode.

[0018] In an embodiment, the first and second gate elec-
trodes define a capacitor charged with a voltage correspond-
ing to the data signal provided from the first transistor.
[0019] Inanembodiment, the organic light emitting display
further includes a buffer layer between the base substrate and
the polysilicon layer.
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[0020] According to one or more embodiments of the
present inventive concept, there is provided a method of
manufacturing an organic light emitting display, including:
forming an amorphous silicon layer, a first gate electrode
insulated from and overlapping the amorphous silicon layer,
and a second gate electrode insulated from and overlapping
the first gate electrode on a base substrate; irradiating a laser
to the amorphous silicon layer from a lower portion of the
base substrate to form apolysilicon layer from the amorphous
silicon layer; forming an inter-insulating layer on the second
gate electrode; ion-doping a portion of the polysilicon layer
using the second gate electrode as a mask to form a first ion
doping region and a second ion doping region; forming a
source electrode connected to the first ion doping region, and
a drain electrode connected to the second ion doping region;
and forming an organic light emitting device connected to the
drain electrode.

[0021] Inanembodiment, the second gate electrode covers
the first gate electrode.

[0022] In an embodiment, the laser includes an excimer
laser.
[0023] In an embodiment, the method further includes:

forming a first gate insulating layer between the polysilicon
layer and the first gate electrode; and forming a second gate
insulating layer between the first gate electrode and the sec-
ond gate electrode, wherein the first gate insulating layer has
a thickness less than a thickness of the second gate insulating
layer.

[0024] In an embodiment, the method further includes
forming a buffer layer between the base substrate and the
polysilicon layer.

[0025] According to the above, the temperature of the
amorphous silicon layer after the laser is irradiated to the
amorphous silicon layer drops faster when the first and sec-
ond gate electrodes exist, than when the first and second gate
electrodes do not exist. Accordingly, the average size of the
grains included in the polysilicon layer formed from the
amorphous silicon layer becomes large. In addition, the aver-
age size of the grains gradually decreases as the distance from
the center portion of the polysilicon layer increases and as the
distance from the edge portion of the polysilicon layer
decreases. Therefore, the driving time of the transistor may be
reduced (e.g., become fast).

[0026] In addition, the first and second gate electrodes
included in the transistor define the capacitor charged with the
voltage corresponding to the data signal. Thus, no area for a
separate capacitor is required and the size of the opening
portion is increased, thereby improving (e.g., increasing) the
light emitting efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects of the present disclo-
sure will become readily apparent by reference to the follow-
ing detailed description when considered in conjunction with
the accompanying drawings wherein:

[0028] FIG. 1 is a block diagram showing an organic light
emitting display according to an exemplary embodiment of
the present disclosure;

[0029] FIG. 2 is an equivalent circuit diagram showing a
pixel of an organic light emitting display panel according to
an exemplary embodiment of the present disclosure;

[0030] FIG.3isalayoutdiagram showing apixel according
to an exemplary embodiment of the present disclosure;
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[0031] FIG. 4is a cross-sectional view taken along the line
I-I' of FIG. 3;
[0032] FIG. 5isacross-sectional view showing a portion of

aprocess of manufacturing a transistor according to an exem-
plary embodiment of the present disclosure;

[0033] FIGS. 6A to 6C are cross-sectional views showing
an annealing process according to an exemplary embodiment
of the present disclosure;

[0034] FIG. 7 is a cross-sectional view showing an ion-
doping process and a process of forming an intermediate
insulating layer according to an exemplary embodiment of
the present disclosure;

[0035] FIG. 8isa cross-sectional view showing a transistor
according to an exemplary embodiment of the present disclo-
sure; and

[0036] FIG. 9 is a cross-sectional view showing an organic
light emitting device and a transistor according to an exem-
plary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0037] Itwill beunderstood that, although the terms “first”,
“second”, “third”, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section, without departing from the spirit and scope
of the inventive concept.

[0038] Spatially relative terms, “beneath”,
“below”, “lower”, “under”, “above”, “upper” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” or “under” other elements
or features would then be oriented “above” the other elements
or features. Thus, the example terms “below” and “under” can
encompass both an orientation of above and below. The
device may be otherwise oriented (e.g., rotated 90 degrees or
at other orientations) and the spatially relative descriptors
used herein should be interpreted accordingly. In addition, it
will also be understood that when a layer is referred to as
being “between” two layers, it can be the only layer between
the two layers, or one or more intervening layers may also be
present.

[0039] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the inventive concept. As used herein, the singular
forms “a” and “an” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “include,” “including,”
“comprises,” and/or “comprising,” when used in this specifi-
cation, specify the presence of'stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

such as
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Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list. Further, the use of “may”
when describing embodiments of the inventive concept refers
to “one or more embodiments of the inventive concept.” Also,
the term “exemplary” is intended to refer to an example or
illustration.

[0040] It will be understood that when an element or layer
is referred to as being “on”, “connected to”, “coupled to”, or
“adjacent to” another element or layer, it can be directly on,
connected to, coupled to, or adjacent to the other element or
layer, or one or more intervening elements or layers may be
present. When an element or layer is referred to as being
“directly on,” “directly connected to”, “directly coupled to”,
or “immediately adjacent to” another element or layer, there
are no intervening elements or layers present.

[0041] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the inher-
ent variations in measured or calculated values that would be
recognized by those of ordinary skill in the art.

[0042] As used herein, the terms “use,” “using,” and “used”
may be considered synonymous with the terms “utilize,” “uti-
lizing,” and “utilized,” respectively.

[0043] Also, any numerical range recited herein is intended
to include all subranges of the same numerical precision
subsumed within the recited range. For example, a range of
“1.0 to 10.0” is intended to include all subranges between
(and including) the recited minimum value of 1.0 and the
recited maximum value of 10.0, that is, having a minimum
value equal to or greater than 1.0 and a maximum value equal
to or less than 10.0, such as, for example, 2.4 to 7.6. Any
maximum numerical limitation recited herein is intended to
include all lower numerical limitations subsumed therein and
any minimum numerical limitation recited in this specifica-
tion is intended to include all higher numerical limitations
subsumed therein. Accordingly, Applicant reserves the right
to amend this specification, including the claims, to expressly
recite any sub-range subsumed within the ranges expressly
recited herein. All such ranges are intended to be inherently
described in this specification such that amending to
expressly recite any such subranges would comply with the
requirements of 35 U.S.C. §112, first paragraph, and 35 U.S.
C. §132(a).

[0044] The organic light emitting display and/or any other
relevant devices or components according to embodiments of
the present invention described herein may be implemented
utilizing any suitable hardware, firmware (e.g. an application-
specific integrated circuit), software, or a suitable combina-
tion of sofiware, firmware, and hardware. For example, the
various components of the [device] may be formed on one
integrated circuit (IC) chip or on separate IC chips. Further,
the various components of the organic light emitting display
may be implemented on a flexible printed circuit film, a tape
carrier package (TCP), a printed circuit board (PCB), or
formed on a same substrate. Further, the various components
of the organic light emitting display may be a process or
thread, running on one or more processors, in one or more
computing devices, executing computer program instructions
and interacting with other system components for performing
the various functionalities described herein. The computer
program instructions are stored in a memory which may be
implemented ina computing device using a standard memory
device, such as, for example, a random access memory

2 <

2 <
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(RAM). The computer program instructions may also be
stored in other non-transitory computer readable media such
as, for example, a CD-ROM, flash drive, or the like. Also, a
person of skill in the art should recognize that the function-
ality of various computing devices may be combined or inte-
grated into a single computing device, or the functionality of
a particular computing device may be distributed across one
or more other computing devices without departing from the
scope of the exemplary embodiments of the present inven-
tion.

[0045] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0046] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0047] FIG. 1is a block diagram showing an organic light
emitting display according to an exemplary embodiment of
the present disclosure.

[0048] Referring to FIG. 1, the organic light emitting dis-
play includes a scan driver 100, a data driver 200, and a
display panel DP.

[0049] The scan driver 100 receives a gate control signal
from a timing controller. The gate control signal includes a
vertical start signal to start an operation of the scan driver 100
and a clock signal to determine an output timing of signals.
The scan driver 100 generates a plurality of gate signals and
sequentially applies the gate signals to a plurality of gate lines
GL1 to GLn described later. The scan driver 100 generates a
plurality of light emitting control signals in response to the
gate control signal and applies the light emitting control sig-
nals to a plurality of light emitting lines EL1 to ELn to be
described later.

[0050] As shown in FIG. 1, the gate signals and the light
emitting control signals are output from one scan driver 100,
however, the number of the scan driver may not be limited to
one. That is, the scan driver may be provided in a plural
number, and the gate signals and the light emitting control
signals may be output from the scan drivers. In addition, a
driving circuit to generate the gate signals may be separately
prepared from a driving circuit to generate the light emitting
control signals.

[0051] The data driver 200 receives a data control signal
and image data from the timing controller. The data driver 200
converts the image data to data signals and applies the data
signals to a plurality of data lines DL1 to DLm insulated from
the gate lines GL1 to GLn while crossing the gate lines GL1
to GLn. The data signals are analog voltages corresponding to
grayscale values (or gray levels) of the image data.

[0052] The display panel DP includes the gate lines GL1 to
GLn, the light emitting lines EL1 to ELn, the data lines DL1
to DLm, and a plurality of pixels PX. The gate lines GL1 to
GLn extend in a first direction DR1 and are arranged along a
second direction DR2 substantially perpendicular to the first
direction DR1. Each of the light emitting lines EL1 to ELn is
disposed (e.g., located) to be substantially parallel to a corre-
sponding gate line of the gate lines GL1 to GLn. The data
lines DL1 to DLm are insulated from the gate lines GL1 to
GLn while crossing the gate lines GL.1 to GLn.
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[0053] Each of the pixels PX is connected to a correspond-
ing gate line of the gate lines GL1 to GLn, a cortesponding
light emitting line of the light emitting lines FL.1 to ELn, and
a corresponding data line of the data lines DL1 to DLm.
According to an embodiment, each of the pixels PX may be
connected to plural gate lines of the gate lines GL1 to GLn.
[0054] FIG. 2 is an equivalent circuit diagram showing a
pixel of an organic light emitting display panel according to
an exemplary embodiment of the present disclosure;

[0055] Referring to FIG. 2, each pixel PX includes an
organic light emitting device OLED and a circuit part to
control the organic light emitting device OLED. The circuit
part includes a first transistor TR1, a second transistor TR2,
and a capacitor CAP. The equivalent circuit of the pixel PX
should not be limited to the circuit diagram shown in FIG. 2.
[0056] The first transistor TR1 includes a first control elec-
trode connected to the gate line GL, a first source electrode
connected to the data line DL, and a first drain electrode. The
first transistor TR1 outputs the data signal applied to the data
line DL in response to the gate signal applied to the gate line
GL.

[0057] The second transistor TR2 includes a second control
electrode connected to an output electrode of the first transis-
tor TR1, a second source electrode applied with a first source
voltage ELVDD, and a second drain electrode. The second
control electrode includes a first gate electrode and a second
gate electrode. The second drain electrode of the second
transistor TR2 is connected to the organic light emitting
device OLED.

[0058] The first and second gate electrodes included in the
second control electrode control the second transistor TR2.
The first and second gate electrodes define the capacitor CAP
charged with the voltage corresponding to the data signal
provided from the first transistor TR1. The first gate electrode
defines one electrode of the capacitor CAP and the second
gate electrode defines the other electrode of the capacitor
CARP. Electric charges are stored between the first and second
gate electrodes to allow the capacitor CAP to serve as a
capacitor.

[0059] The second transistor TR2 controls a driving current
flowing through the organic light emitting device OLED to
correspond to the voltage charged in the capacitor CAP.
[0060] FIG.3isalayoutdiagram showing apixel according
to an exemplary embodiment of the present disclosure. FIG.
4 is a cross-sectional view taken along the line [-I' of FIG. 3.
Hereinafter, the organic light emitting display panel will be
described in further detail with reference to FIGS. 3 and 4.
[0061] Referring to FIGS. 3 and 4, the organic light emit-
ting display panel DP includes a base substrate SUB, a buffer
layer BFL, the signallines GL and DL, and the pixels PX. The
configurations of the base substrate SUB, the buffer layer
BFL, the signal lines GL and DL, and the pixels PX may be
changed depending on a kind of the organic light emitting
display panel DP.

[0062] The buffer layer BFL is disposed on one surface of
the base substrate SUB.

[0063] The buffer layer BFL prevents or substantially pre-
vents impurities existing in the base substrate SUB from
entering into the pixel PX during a manufacturing process of
the organic light emitting display panel DP. In particular, the
buffer layer BFL prevents or substantially prevents the impu-
rities from entering into a polysilicon layer PSL of the pixel
PX. The impurities inflow from an external source or are
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generated when the base substrate SUB is thermally decom-
posed. The impurities may be gas or sodium discharged from
the base substrate SUB.

[0064] The signal lines GL. and DL and the pixel PX are
disposed on the buffer layer BFL. The polysilicon layer PSL
of the second transistor TR2 is disposed on the buffer layer
BFL. The polysilicon layer PSL may include a metal oxide
semiconductor. However, substances that are included in the
polysilicon layer PSL are not limited thereto, and may include
any other suitable substances.

[0065] The polysilicon layer PSL includes a channel region
CNR through which electrons or holes move, a first ion dop-
ing region IDR1, and a second ion doping region IDR2 dis-
posed such that the channel region CNR is disposed between
the first and second ion doping regions IDR1 and IDR2.
[0066] The polysilicon layer PSL includes grains that form
a crystalline structure. As the size of the grains become large,
the number of the grains included in the channel region CNR
is reduced. When the number of the grains included in the
channel region CNR is reduced, the number of boundary
surfaces between the grains, which cause deterioration of the
movement of the electrons and holes, is also reduced. Accord-
ingly, a driving speed of the second transistor TR2 increases
(e.g., becomes faster).

[0067] A first gate insulating layer GI1 is disposed on the
buffer layer BFL to cover the polysilicon layer PSL. The first
gate insulating layer GI1 includes an organic layer and/or an
inorganic layer. Particularly, the first gate insulating layer GI1
may include a plurality of inorganic thin layers. The plurality
of inorganic thin layers may include a silicon nitride layer and
a silicon oxide layer.

[0068] The first gate electrode GE2-1 is disposed on the
first gate insulating layer GI1. The first gate electrode GE2-1
includes a conductive material such as a metal.

[0069] A second gate insulating layer GI2 is disposed on
the first gate insulating layer GI1 to cover the first gate elec-
trode GE2-1. The second gate insulating layer GI2 includes
the same material as that of the first gate insulating layer GI1.
The second gate insulating layer GI2 has a thickness greater
than a thickness of the first gate insulating layer GI1.

[0070] The second gate electrode GE2-2 is disposed on the
second gate insulating layer GI2. The second gate electrode
GE2-2 includes a conductive material such as a metal mate-
rial.

[0071] The gate line GL and the first control electrode GE1
are disposed on the second gate insulating layer GI2.

[0072] An inter-insulating layer ILD is disposed on the
second gate insulating layer GI2 to cover the first control
electrode GE1 and the second gate electrode GE2-2. The
inter-insulating layer ILD includes an organic layer and/or an
inorganic layer. Particularly, the inter-insulating layer ILD
may include a plurality of inorganic thin layers. The plurality
of inorganic thin layers may include a silicon nitride layer and
a silicon oxide layer.

[0073] The data line DL and a source voltage line KL are
disposed on the inter-insulating layer ILD. The first source
electrode SE1 and the first drain electrode DE1 of the first
transistor TR1 are disposed on the inter-insulating layer ILD.
The second source electrode SE2 and the second drain elec-
trode DE2 of the second transistor TR2 are disposed on the
inter-insulating layer ILD. The first source electrode SE1 is
branched from the data line DL. The second source electrode
SE2 is branched from the source voltage line KL..
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[0074] The first source electrode SE1 and the first drain
electrode DE1 are connected to the polysilicon layer of the
first transistor TR1 respectively through first and second thru-
holes (e.g., first and second through holes or openings) CH1
and CH2 formed through the first gate insulating layer GT1,
the second gate insulating layer GI2, and the inter-insulating
layer ILD. The first drain electrode DE1 is connected to the
first gate electrode GE2-1 through athird thru-hole (e.g., third
through hole or openings) CH3 formed through the inter-
insulating layer ILD. The second source electrode SE2 and
the second drain electrode DE2 are connected to the polysili-
con layer PSL respectively through fourth and fifth thru-holes
(e.g., fourth and fifth through holes or openings) CH4 and
CHS formed through the first gate insulating layer GI1, the
second gate insulating layer GI2, and the inter-insulating
layer ILD.

[0075] When viewed from above the inter-insulating layer
1LD, the second gate electrode GE2-2 completely covers the
first gate electrode GE2-1. Therefore, the second gate elec-
trode GE2-2 has an area greater than an area of the first gate
electrode GE2-1. In addition, the second gate electrode
GE2-2 is disposed to overlap with the first gate electrode
GE2-1 when viewed from above the inter-insulating layer
ILD.

[0076] The arrangement of the first and second gate elec-
trodes GE2-1 and GE2-2 exert influence on the size of the
grains that form the crystalline structure of the polysilicon
layer PSL. An average size of the grains included in the
channel region CNR is greater than an average size of the
grains included in the first and second ion doping regions
IDR1 and IDR2. The channel region CNR includes a first
channel region CNR1 overlapped with the first and second
gate electrodes GE2-1 and GE2-2 and a second channel
region CNR2 overlapped with the second gate electrode
GE2-2 and not overlapped with the first gate electrode GE2-1.
The average size of the grains included in the first channel
region CNR1 is greater than an average size of the grains
included in the second channel region CNR2. That is, the
average size of the grains is reduced (e.g., becomes smaller)
as a distance from a center portion of the polysilicon layer
PSL increases and a distance from an edge of the polysilicon
layer PSL is reduced. An average diameter of the grains in the
center portion of the polysilicon layer PSL is in a range from
about 30 micrometers to about 40 micrometers. The average
diameter of the grains in the edge of the polysilicon layer PSL
is in a range from about 10 micrometers to about 20 microme-
ters.

[0077] The first and second gate electrodes GE2-1 and
GE2-2 serve as the capacitor CAP shown in FIG. 2. Thus, a
separate area for the capacitor is not required. As a result, an
opening portion OP becomes large (e.g., wide) due to the
above-mentioned structure, and thus the light emitting effi-
ciency of the organic light emitting device OLED is
improved.

[0078] A passivation layer PL is disposed on the inter-
insulating layer ILD to cover the first source electrode SE1,
the first drain electrode DE1, the second source electrode
SE2, and the second drain electrode DE2. The passivation
layer PL includes an organic layer and/or an inorganic layer.
In particular, the passivation layer PL. may include an organic
material to provide a plane surface.

[0079] A pixel definition layer PDL and the organic light
emitting device OLED are disposed on the passivation layer
PL. The organic light emitting device OLED includes an
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anode AE, a hole transport region HTR, an organic light
emitting layer EML, an electron transport region ETR, and a
cathode CE, which are sequentially stacked one on another.
The anode AE is connected to the second drain electrode DE2
through a sixth thru-hole (e.g., sixth through hole or opening)
CH6 formed through the passivation layer PL. The stacking
order of the above-mentioned elements included in the
organic light emitting device OLED should not be limited
thereby or thereto.

[0080] The anode AE is disposed on the passivation layer
PL and exposed through the opening portion OP of the pixel
definition layer PDL. The hole transport region HTR is dis-
posed on the anode AE and includes a hole injection layer.
The hole transport region HTR may further include a hole
transport layer.

[0081] Theorganic light emitting layer EML is disposed on
the hole transport region HTR to correspond to the opening
portion OP. The electron transport region ETR is disposed on
the organic light emitting layer EML and includes an electron
injection layer. The electron transport region ETR may fur-
ther include an electron transport layer. The cathode CE is
disposed on the electron transport region ETR. The cathode
CE is disposed on the entire area of the base substrate SUB.
[0082] A protective film may be disposed on the other sur-
face of the base substrate SUB, which faces (e.g., is opposite
to) the surface on which the buffer layer BFL is disposed.
[0083] FIG. 5isacross-sectional view showing a portion of
aprocess of manufacturing a transistor according to an exem-
plary embodiment of the present disclosure. FIGS. 6A to 6C
are cross-sectional views showing an annealing process
according to an exemplary embodiment of the present disclo-
sure. FIG. 7 is a cross-sectional view showing an ion-doping
process and a process of forming an intermediate insulating
layer according to an exemplary embodiment of the present
disclosure. FIG. 8 is a cross-sectional view showing a tran-
sistor according to an exemplary embodiment of the present
disclosure. FIG. 9 is a cross-sectional view showing an
organic light emitting device and a transistor according to an
exemplary embodiment of the present disclosure. Hereinaf-
ter, the method of manufacturing the second transistor TR2
and the organic light emitting device OLED connected to the
second transistor TR2 will be described in further detail with
reference to FIGS. 510 9.

[0084] Referring to FIG. 5, the buffer layer BFL is formed
on the one surface of the base substrate SUB. The buffer layer
BFL performs the function as described with reference to
FIGS. 3 and 4.

[0085] An amorphous silicon layer ASL is formed on the
buffer layer BFL. The amorphous silicon layer ASL does not
have the crystalline structure and includes atoms irregularly
arranged. That is, the amorphous silicon layer ASL exists ina
thermodynamically non-equilibrium system.

[0086] The first gate insulating layer GI1 is formed on the
buffer layer BFL to cover the amorphous silicon layer ASL.
The first gate insulating layer GI1 includes the materials
described with reference to FIGS. 3 and 4.

[0087] The first gate electrode GE2-1 is formed on the first
gate insulating layer GI1.

[0088] The second gate insulating layer GI2 is formed on
the first gate insulating layer GI2 to cover the first gate elec-
trode GE2-1. The material and the thickness of the second
gate insulating layer GI2 are the same or substantially the
same as described with reference to FIGS. 3 and 4.
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[0089] The second gate electrode GE2-2 is formed on the
second gate insulating layer GI12. When viewed from above
the second gate electrode GE2-2, the second gate electrode
GE2-2 is formed to completely cover the first gate electrode
GE2-1. That is, an area of the second gate electrode GE2-2 is
larger than an area of the first gate electrode GE2-1. Also
when viewed from above the second gate electrode GE2-2,
the second gate electrode GE2-2 is formed to overlap with the
first gate electrode GE2-1. The first and second gate elec-
trodes GE2-1 and GE2-2 define the capacitor CAP in which
the electric charges are stored.

[0090] FIGS. 6A to 6C are cross-sectional views showing
processes of forming the polysilicon layer PSL from the
amorphous silicon layer ASL of the substrate shown in FIG.
5 through the annealing process.

[0091] Referring to FIG. 6A, a laser is irradiated to the
amorphous silicon layer ASL from a lower portion of the base
substrate SUB shown in FIG. 5. The laser may be, but is not
limited to, an excimer laser. The excimer laser is a gas laser
using molecules, such as ArF, KrF, XeCl, etc., which are
called excimer lasers, and has a short wavelength and a high
power.

[0092] The amorphous silicon layer ASL irradiated with
the laser is melted while a temperature of the amorphous
silicon layer ASL increases.

[0093] Referring to FIG. 6B, the temperature of the amor-
phous silicon layer ASL drops after the irradiation of the laser
is finished.

[0094] The first and second gate electrodes GE2-1 and
GE2-2 include the metal material having high heat conduc-
tivity. Accordingly, the heat conductivity of the first and sec-
ond gate electrodes GE2-1 and GE2-2 is greater than that of
the first and second gate insulating layers GI1 and GI2, which
do not include the metal material.

[0095] As the temperature of the amorphous silicon layer
ASL drops, the temperature of the first channel region CNR1,
which is overlapped with the first and second gate electrodes
GE2-1 and GE2-2, drops faster than the other areas due to the
first and second gate electrodes GE2-1 and GE2-2.

[0096] Therefore, a seed that serves as a starting point of
forming the crystalline structure is formed in the first channel
region CNR1 of the amorphous silicon layer ASL in which
the temperature drops faster than the other areas.

[0097] Referring to FIG. 6C, the crystalline structure is
formed from the seed formed in the first channel region CNR1
of the amorphous silicon layer ASL toward the edge of the
amorphous silicon layer ASL. This is referred to as a hori-
zontal growth of crystal. The temperature of the amorphous
silicon layer ASL is relatively slowly decreased in the second
channel region CNR2 (refer to F1G. 6B), which is overlapped
with only the second gate electrode GE2-2 and not over-
lapped with the first gate electrode GE2-1, as compared to
that of the first channel region CNR1. In an area of the
amorphous silicon layer ASL, which is not overlapped with
the first and second gate electrodes GE2-1 and GE2-2, the
temperature of the amorphous silicon layer ASL is slowly
decreased compared to that of the first channel region CNR1
or the second channel region CNR2. As the temperature
drops, the crystalline structure is gradually formed.

[0098] When the crystalline structure of the amorphous
silicon layer ASL is completed, the polysilicon layer PSL
having a polycrystalline structure with the grains is formed.
Due to the difference in variation of the temperature between
the regions of the amorphous silicon layer ASL, the average
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size of the grains of the polysilicon layer PSL is reduced (e.g.,
becomes smaller) as a distance from the first channel region
CNR1 increases. That is, the size of the grains is decreased
from the center portion of the polysilicon layer PSL as it goes
to the edge of the polysilicon layer PSL.

[0099] Referring to FIG. 7, the polysilicon layer PSL is
ion-doped using the second gate electrode GE2-2 as a mask.
The first and second ion doping regions IDR1 and IDR2,
which are disposed such that the channel region CNR is
disposed between the first and second ion doping regions
IDR1 and IDR2, are formed through the ion-doping process.
When the ion doping process is performed using the second
gate electrode GE2-2 as the mask without using a separate
mask, the manufacturing process of the transistor is simpli-
fied and efficiency of the manufacturing process is improved
(e.g. increased).

[0100] After the first and second ion doping regions IDR1
and IDR2 are formed, the inter-insulating layer ILD is
formed. The structure and the material of the inter-insulating
layer are the same or substantially the same as described with
reference to FIGS. 3 and 4.

[0101] According to an embodiment, the process of form-
ing the inter-insulating layer ILD may be performed prior to
the ion-doping process of forming the first and second ion
doping regions IDR1 and IDR2 and.

[0102] Referring to FIG. 8, the second drain electrode DE2
and the second source electrode SE2 are formed. The second
drain electrode DE2 is formed on the inter-insulating layer
ILD and connected to the first ion doping region IDR1
through the fifth thru-hole CHA. The second source electrode
SE2 is formed on the inter-insulating layer ILD and con-
nected to the second ion doping region IDR2 through the
fourth thru-hole CH4.

[0103] Referring to FIG. 9 the organic light emitting device
OLED connected to the second drain electrode DE2 of the
second transistor TR2 is formed.

[0104] The passivation layer PL is formed on the inter-
insulating layer ILD to cover the second source electrode SE2
and the second drain electrode DE2. The material of the
passivation layer PL is as described with reference to FIGS. 3
and 4.

[0105] The sixth thru-hole CH6 is formed through the pas-
sivation layer PL to expose the second drain electrode DE2.
The anode AE is formed on the passivation layer PL to be
connected to the second drain electrode DE2 through the
sixth thru-hole CH6.

[0106] The hole transport region HTR, the organic light
emitting layer EML, the electron transport region ETR, and
the cathode CE are sequentially stacked on the anode AE to
form the organic light emitting device OLED. The stacking
order of the elements included in the organic fight emitting
device OLED and the structure of the organic light emitting
device OLED are the same or substantially the same as
described with reference to FIGS. 3 and 4.

[0107] The manufacturing process of the organic fight
emitting display may be simplified by the manufacturing
method of the transistor, and thus the efficiency of the manu-
facturing process of the organic light emitting display may be
improved. In addition, the average size of the grains of the
polysilicon layer PSL may be increased and the driving time
of the transistor may be reduced (e.g., become fast).

[0108] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exemplary
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embodiments, but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as defined by the following
claims, and equivalents thereof.

What is claimed is:

1. A transistor comprising:

a polysilicon layer on a base substrate and comprising a
channel region, a first ion doping region, a second ion
doping region, the channel region being between the first
and second ion doping regions, an average size of the
grains in the channel region being greater than that of the
grains in the first and second ion doping regions;

a first gate electrode insulated from and overlapping the
channel region;

a second gate electrode insulated from the first gate elec-
trode and overlapping the channel region;

an inter-insulating layer on the second gate electrode;

a source electrode on the inter-insulating layer and con-
nected to the first ion doping region; and

a drain electrode on the inter-insulating layer and con-
nected to the second ion doping region.

2. The transistor of claim 1, wherein the grains have an
average diameter in a range from about 30 micrometers to
about 40 micrometers in a center portion of the polysilicon
layer and have an average diameter in a range from about 10
micrometers to about 20 micrometers in an edge portion of
the polysilicon layer.

3. The transistor of claim 1, wherein the second gate elec-
trode completely covers the first gate electrode when viewed
from above the inter-insulating layer.

4. The transistor of claim 3,

wherein the channel region comprises a first channel region
overlapping the first and second gate electrodes in a
direction in which the first and second ion doping
regions are connected to each other, and a second chan-
nel region overlapping the second gate electrode and not
overlapped with the first gate electrode, and

wherein an average size of corresponding ones of the
grains in the first channel region is greater than that of
corresponding ones of the grains in the second channel
region.

5. The transistor of claim 3, wherein the first and second
gate electrodes define a capacitor charged with electric
charges.

6. The transistor of claim 5, further comprising:

a first gate insulating layer between the polysilicon layer

and the first gate electrode; and

a second gate insulating layer between the first gate elec-
trode and the second gate electrode, wherein the first
gate insulating layer has a thickness less than a thickness
of the second gate insulating layer.

7. The transistor of claim 6, further comprising a buffer

layer between the base substrate and the polysilicon layer.

8. An organic light emitting display comprising:

a scan driver configured to apply gate signals to gate lines
and to apply light emitting control signals to light emit-
ting lines;

a data driver configured to apply data signals to data lines;
and

an organic light emitting display panel comprising a plu-
rality of pixels, each of the pixels comprising an organic
light emitting device and a circuit part configured to
control the organic light emitting device, the circuit part
comprising a first transistor and a second transistor, the
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first transistor being configured to output a correspond-
ing data signal applied to a corresponding data line of the
data lines in response to a corresponding gate signal
applied to a corresponding gate line of the gate lines, and
the second transistor being configured to control a driv-
ing current flowing through the organic light emitting
device, the second transistor comprising:

a polysilicon layer on a base substrate and comprising a
channel region, a first ion doping region, a second ion
doping region, the channel region is being between the
first and second ion doping regions, an average size of
the grains in the channel region being greater than that of
the grains in the first and second ion doping regions;

a first gate electrode insulated from and overlapping the
channel region;

a second gate electrode insulated from the first gate elec-
trode and overlapping the channel region;

an inter-insulating layer on the second gate electrode;

a source electrode on the inter-insulating layer and con-
nected to the first ion doping region; and

a drain electrode on the inter-insulating layer and con-
nected to the second ion doping region.

9. The organic light emitting display of claim 8, wherein
the grains have an average diameter in a range from about 30
micrometers to about 40 micrometers in a center portion of
the polysilicon layer and have an average diameter in a range
from about 10 micrometers to about 20 micrometers in an
edge portion of the polysilicon layer.

10. The organic light emitting display of claim 8, wherein
the second gate electrode completely covers the first gate
electrode when viewed from above the inter-insulating layer.

11. The organic light emitting display of claim 10, wherein
the first and second gate electrodes define a capacitor charged
with a voltage corresponding to the data signal provided from
the first transistor.

12. The organic light emitting display of claim 11, further
comprising a buffer layer between the base substrate and the
polysilicon layer.

13. A method of manufacturing an organic light emitting
display, comprising:

forming an amorphous silicon layer, a first gate electrode
insulated from and overlapping the amorphous silicon
layer, and a second gate electrode insulated from and
overlapping the first gate electrode on a base substrate;

irradiating a laser to the amorphous silicon layer from a
lower portion of the base substrate to form a polysilicon
layer from the amorphous silicon layer;

forming an inter-insulating layer on the second gate elec-
trode;

ion-doping a portion of the polysilicon layer using the
second gate electrode as amask to form a firstion doping
region and a second ion doping region;

forming a source electrode connected to the firstion doping
region, and a drain electrode connected to the second ion
doping region; and

forming an organic light emitting device connected to the
drain electrode.

14. The method of claim 13, wherein the second gate

electrode covers the first gate electrode.

15. The method of claim 14, wherein the laser comprises an
excimer laser.

16. The method of claim 15, further comprising:

forming a first gate insulating layer between the polysili-
con layer and the first gate electrode; and
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forming a second gate insulating layer between the first
gate electrode and the second gate electrode, wherein the
first gate insulating layer has a thickness less than a
thickness of the second gate insulating layer.
17. The method of claim 16, further comprising forming a
buffer layer between the base substrate and the polysilicon
layer.
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