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OXIDE SEMICONDUCTOR DEVICES,
METHODS OF FORMING OXIDE
SEMICONDUCTOR DEVICES AND ORGANIC
LIGHT EMITTING DISPLAY DEVICES
INCLUDING OXIDE SEMICONDUCTOR
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2015-0027073, filed on
Feb. 26, 2015, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present invention
relate to oxide semiconductor devices, method of forming the
oxide semiconductor devices, and organic light emitting dis-
play devices including the oxide semiconductor devices.
More particularly, exemplary embodiments of the present
invention relate to oxide semiconductor devices having a
source region and a drain formed from insulation layer pat-
terns, method of forming the oxide semiconductor devices,
and organic light emitting display devices including the oxide
semiconductor devices.

[0004]

[0005] Next generation display devices with high resolu-
tion and large dimensions may require semiconductor devices
that have high performance. Oxide semiconductor devices
including active layers of oxide semiconductor with high
carrier mobility have been researched for high resolution
display devices. The oxide semiconductor device may have
an inverted staggered structure that includes an etch stop layer
disposed on a channel region of the active layer and a gate
electrode located below the active layer.

[0006] In a conventional inverted staggered type oxide
semiconductor device, length of the etch stop layer may not
be reduced because of the alignment margin for the etch stop
layer, so that the length ofthe active layer may not be properly
reduced. Further, a source electrode and a drain electrode may
overlap side portions of the gate electrode below the etch stop
layer, such that parasitic capacitance between the gate elec-
trode, the source electrode, and the drain electrode may be
increased. As a result, the conventional oxide semiconductor
device may not have required electrical characteristics and
reduced dimensions.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, 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.

2. Discussion of the Background

SUMMARY

[0008] Exemplary embodiments of the present invention
provide oxide semiconductor devices including source and
drain regions derived from insulation layer patterns contain-
ing impurities to improve electrical characteristics.

[0009] Exemplary embodiments of the present invention
also provide methods of forming oxide semiconductor
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devices including source and drain regions derived from insu-
lation layer patterns containing impurities to improve electri-
cal characteristics.
[0010] Exemplary embodiments of the present invention
further provide organic light emitting display devices includ-
ing the oxide semiconductor devices.
[0011] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent from
the disclosure, or may be learned by practice of the inventive
concept.
[0012] According to an exemplary embodiment of the
present invention, an oxide semiconductor device includes a
substrate, a first insulation layer pattern and a second insula-
tion layer pattern disposed on the substrate, an active layer
disposed on the first and second insulation layer patterns, the
active layer including a source region including the first insu-
lation layer pattern, a drain region including the second insu-
lation layer pattern, and a channel region disposed between
the source region and the drain region.
[0013] The source region and the drain region may include
impurities diffused from the first insulation layer pattern and
the second insulation layer pattern, respectively.
[0014] The impurities may include hydrogen or nitrogen.
[0015] Each of the first and the second insulation layer
patterns may include at least one of silicon oxyfluoride
(810,F,), silicon hydroxide (Si(OH), ), silicon nitride (SiN,,),
silicon oxynitride (SiO,N,), and silicon fluoronitride (SiF-
ND.
y[0016] The active layer may include at least one of indium
(In), zinc (Zn), gallium (Ga), tin (Sn), titanium (Ti), alumi-
num (Al), hafnium (Hf), zirconium (Zr), and magnesium
Mg).
[0017] A length of the channel region may vary according
to impurity content of the source and drain regions.
[0018] The oxide semiconductor device may further
include a gate insulation layer disposed on the active layer, a
gate electrode disposed on the gate insulation layer, and an
insulating interlayer disposed on the gate insulation layer and
the gate electrode.
[0019] The source electrode and the drain electrode may
pass through the insulating interlayer and the gate insulation
layer and contact the source region and the drain region,
respectively.
[0020] The oxide semiconductor device may further
include a gate electrode disposed on the substrate, a gate
insulation layer disposed on the gate electrode and the sub-
strate, in which the first and second insulation layer patterns
may be disposed on the gate insulation layer.
[0021] The source electrode may contact portions of the
first insulation layer pattern and the source region, and the
drain electrode may contact portions of the second insulation
layer pattern and the drain region.
[0022] The gate electrode may not overlap the source and
drain electrodes.
[0023] The oxide semiconductor device may further
include an etch stop layer disposed on the active layer.
[0024] According to an exemplary embodiment of the
present inventions, a method for forming an oxide semicon-
ductor device includes forming a first insulation layer pattern
and second insulation layer pattern on a substrate, forming an
active layer on the substrate, the first insulation layer pattern,
and the second insulation layer pattern, forming a source
region and a drain region, the source region and the drain
region including the first insulation layer pattern and the
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second insulation layer pattern, respectively, forming a gate
insulation layer on the active layer, forming a gate electrode
on the gate insulation layer, forming an insulating interlayer
on the gate insulation layer and the gate electrode, and form-
ing a source electrode and a drain electrode passing through
the insulating interlayer and the gate insulation layer, the
source electrode and the drain electrode contacting the source
region and the drain region, respectively.

[0025] Forming the source and drain electrodes may
include diffusing impurities from the first and second insula-
tion layer patterns into the active layer by athermal treatment.

[0026] The thermal treatment may include an annealing
process.
[0027] Forming the first and second insulation layer pat-

terns may include forming an insulation layer on the sub-
strate, forming a mask on the insulation layer, implanting
impurities into portions of the insulation layer exposed by the
mask, and patterning the insulation layer using the mask.

[0028] Forming the first and second insulation layer pat-
terns may include forming an insulation layer including
impurities on the substrate, forming a mask on the insulation
layer, and patterning the insulation layer using the mask.

[0029] According to an exemplary embodiment of the
present invention, an organic light emitting display device
includes a substrate, an oxide semiconductor device disposed
on the substrate, the oxide semiconductor device including a
firstinsulation layer pattern, a second insulation layer pattern,
an active layer including a source electrode including the first
insulation pattern, a drain electrode including the second
insulation pattern, and a channel region disposed between the
source region and the drain region, a first electrode electri-
cally connected to the drain electrode, a light emitting layer
disposed on the first electrode, and a second electrode dis-
posed on the light emitting layer.

[0030] The oxide semiconductor device may further
include a gate insulation layer disposed on the active layer, a
gate electrode disposed on the gate insulation layer, and an
insulating interlayer disposed on the gate insulation layer and
the gate electrode, and the source electrode and the drain
electrode may pass through the insulating interlayer and the
gate insulation laver and contact the source region and the
drain region, respectively.

[0031] The oxide semiconductor device may further
include a gate electrode disposed on the substrate, and a gate
insulation layer disposed on the gate electrode and the sub-
strate, the source electrode may contact portions of the first
insulation layer pattern and the source region, and the drain
electrode may contact portions of the second insulation layer
pattern and the drain region.

[0032] According to exemplary embodiments of the
present invention, an oxide semiconductor device including
the source and drain regions formed from the first and second
insulation layer patterns may have improved electrical char-
acteristics, such as reduced contact resistance, decreased
parasitic capacitance, decreased channel length, increased
carrier mobility, and increased driving current. The organic
light emitting display device including the oxide semicon-
ductor device may have reduced dimensions, improved qual-
ity of images, and increased display rate of images, such that
the organic light emitting display device may have high reso-
lution and large size.
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[0033] The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed subject
matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are included to
provide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concept,
and, together with the description, serve to explain principles
of the inventive concept.

[0035] FIG. 1is across-sectional view illustrating an oxide
semiconductor device according to an exemplary embodi-
ment of the present invention.

[0036] FIG.2,FIG.3,FIG.4,FIG.5,FIG. 6, and FIG. 7 are
cross-sectional views illustrating a method of manufacturing
an oxide semiconductor device according to an exemplary
embodiment of the present invention.

[0037] FIG. 8 is a cross-sectional view illustrating an oxide
semiconductor device according to an exemplary embodi-
ment of the present invention.

[0038] FIG. 9, FIG. 10, FIG. 11, FIG. 12, and FIG. 13 are
cross-sectional views illustrating a method of manufacturing
an oxide semiconductor device according to an exemplary
embodiment of the present invention.

[0039] FIG. 14 is a cross-sectional view illustrating an
organic light emitting display device according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0040] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

[0041] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0042] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred to
as being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no intervening
elements or layers present. For the purposes of this disclosure,
“atleastone of X, Y, and 7 and “at least one selected from the
group consisting of X, Y, and Z” may be construed as X only,
Y only, Z only, or any combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and ZZ. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0043] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
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layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element, com-
ponent, region, layer, and/or section discussed below could be
termed a second element, component, region, layer, and/or
section without departing from the teachings of the present
disclosure.

[0044] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper.” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or feature
(s) as illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the ori-
entation depicted in the drawings. For example, if the appa-
ratus in the drawings is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. Furthermore, the apparatus may be oth-
erwise oriented (e.g., rotated 90 degrees or at other orienta-
tions), and, as such, the spatially relative descriptors used
herein interpreted accordingly.

[0045] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, components,
and/or groups thereof, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-
tions, elements, components, and/or groups thereof.

[0046] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, exemplary embodiments disclosed herein should not be
construed as limited to the particular illustrated shapes of
regions, but are to include deviations in shapes that result
from, for instance, manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
drawings are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to be limiting.

[0047] 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 disclosure is a part. Terms, such as those defined in
commonly used dictionaries, should be interpreted as having
ameaning 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.

29 <,

Sep. 1,2016

[0048] FIG. 1is across-sectional view illustrating an oxide
semiconductor device according to an exemplary embodi-
ment of the present invention.

[0049] Referring to FIG. 1, an oxide semiconductor may be
provided on a substrate 110. The oxide semiconductor device
100 may include a first insulation layer pattern 115, a second
insulation layer pattern 118, an active layer 120, a gate insu-
lation layer 125, a gate electrode 130, an insulating interlayer
135, a source electrode 140, and a drain electrode 145.
[0050] The substrate 110 may be a hard transparent insula-
tion substrate such as a glass substrate, a quartz substrate, a
ceramic substrate, etc. Alternatively, the substrate 110 may be
a soft transparent insulation substrate such as a polyimide
substrate.

[0051] The first and the second insulation layer patterns
115 and 118 may be disposed on the substrate 110 by a
predetermined distance. The active layer 120 may be dis-
posed on the substrate 110, the first insulation layer pattern
115, and the second insulation layer pattern 118. The active
layer 120 may partially expose the first and the second insu-
lation layer patterns 115 and 118.

[0052] According to the present exemplary embodiment,
each of the first and the second insulation layer patterns 115
and 118 may include impurities. The impurities in the first
and the second insulation layer patterns 115 and 118 may
include hydrogen (H) or fluorine (F). The first and the second
insulation layer patterns 115 and 118 may include silicon
oxyfluoride (SiO,F,), silicon hydroxide (Si(OH),), silicon
nitride (SiN,), silicon oxynitride (SiO,N,), silicon fluoroni-
tride (SiF N,), etc.

[0053] As illustrated in FIG. 1, the first insulation layer
pattern 115 and the second insulation layer pattern 118 may
be at least partially overlapped with a source region 122 of the
active layer 120 and a drain region 126 of the active layer 120,
respectively. More particularly, the source region 122 and the
drain region 126 may be positioned on the first insulation
layer pattern 115 and the second insulation layer pattern 118,
respectively. According to the present exemplary embodi-
ment, the source and the drain regions 122 and 126 of the
active layer 120 may be formed by thermally treating the first
and the second insulation layer patterns 115 and 118, without
an ion implantation process. The impurities included in the
first and the second insulation layer patterns 115 and 118 may
be diffused into portions of the active layer 120 by the thermal
treatment, such that the source and the drain regions 122 and
126 may be formed in the active layer 120. In this case, the
distance between the first and the second insulation layer
patterns 115 and 118 may be substantially the same as a
length of a channel region 124 defined by the source and the
drain regions 122 and 126. Therefore, the source and the drain
regions 122 and 126 may be obtained without damaging
overlying structures, such as the active layer 120, by the ion
implantation process.

[0054] According to the present exemplary embodiment,
the active layer 120 may have the source and the drain regions
122 and 126 containing the impurities derived from the first
and the second insulation layer patterns 115 and 118. The
active layer 120 may include an oxide semiconductor con-
taining at least one of indium (In), zinc (Zn), gallium (Ga), tin
(Sn), titanium (T1), aluminum (Al), hafnium (Hf), zirconium
(Zr), and magnesium (Mg). Further, the source and the drain
regions 122 and 126 may correspond to N* layers containing
impurities such as hydrogen ions or fluorine ions. The hydro-
gen ions may serve as shallow donors so that the concentra-
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tions of carriers in the source and the drain regions 122 and
126 may be increased. The fluorine ions may reduce oxygen
included in the active layer 120, such that free electrons may
be generated in the source and the drain regions 122 and 126.
Thus, the concentration of oxygen in the source and the drain
regions 122 and 126 may be substantially lower than the
concentration of oxygen in the channel region 124.

[0055] More particularly, the content of oxygen in the
source and the drain regions 122 and 126 may be substantially
lower than the content of oxygen in the channel region 124, so
that the concentration of oxygen defects in the source and the
drain regions 122 and 126 may be substantially higher than
the concentration of oxygen defects in the channel region
124. This concentration of oxygen defects may generate the
free electrons such that the concentration of carriers in the
source and the drain regions 122 and 126 may be increased.
Because each of the source and the drain regions 122 and 126
may have a concentration of carriers substantially higher than
that of the channel region 124, each of the source and the drain
regions 122 and 126 may have a resistance substantially lower
than that of the channel region 124. Accordingly, contact
resistance between the source electrode 140 and the source
region 122, and contact resistance between the drain elec-
trode 145 and the drain region 126 may be reduced, and thus
electrical characteristics of the oxide semiconductor device
100 may be improved.

[0056] According to the present exemplary embodiment,
lengths of the channel region 124 may vary according to
contents of the impurities in the source and the drain regions
122 and 126. For example, the length of the channel region
124 may be decreased as the contents of the impurities in the
source and the drain regions 122 and 126 increase. Thus, the
oxide semiconductor device 100 may have a reduced length.
As the length of the channel region 124 is decreased, parasitic
capacitance of the oxide semiconductor device 100 may be
reduced, and thus a resistive-capacitive (RC) delay of the
oxide semiconductor device 100 may be substantially
reduced.

[0057] The active layer 120 of the oxide semiconductor
device 100 may have a resistance obtained by subtracting the
contact resistance between the source region 122 and the
source electrode 140, and the contact resistance between the
drain region 126 and the drain electrode 145 from the resis-
tance of the channel region 124. According to the present
exemplary embodiment, the contact resistance between the
source region 122 and the source electrode 140 and the con-
tact resistance between the drain region 126 and the drain
electrode 145 may be decreased as described above, so that
the entire resistance of the active layer 120 may be reduced.
As a result, the oxide semiconductor device 100 may have
improved electrical characteristics, such as reduced contact
resistance, decreased parasitic capacitance, decreased chan-
nel length, increased carrier mobility, increased driving cur-
rent, etc.

[0058] A conventional oxide semiconductor device may
generally have an inverted staggered type, in which a gate
electrode is positioned below an active layer and an etch stop
layer is located on the active layer to protect the active layer.
When the etch stop layer is provided on the active layer,
overlapped areas of the source and the drain electrodes with
respect to the gate electrode may be increased, thereby
increasing parasitic capacitances between the gate electrode,
the source electrode, and the drain electrode. Accordingly,
length of the channel region of the active layer may not be
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properly reduced, such that the conventional oxide semicon-
ductor device may not have a required minute size. Further,
contact resistances between the active layer, the source elec-
trode, and the drain electrode may not be properly controlled
because of differences of work functions among the active
layer, the source electrode, and the drain electrode. As a
result, the conventional oxide semiconductor device may not
provide desired electrical characteristics for a display device
having a high resolution and a large size. When an organic
light emitting display device includes the conventional oxide
semiconductor device, the organic light emitting display
device may have poor quality of images, reduced display rate
ofimages, and increased power consumption due to RC delay
in metal wirings thereof.

[0059] According to the present exemplary embodiment,
the oxide semiconductor device 100 may include the source
and the drain regions 122 and 126 containing the impurities
derived from the first and the second insulation layer patterns
115 and 118. Hence, the contact resistance between the
source region 122 and the source electrode 140, and the
contact resistance between the drain region 126 and the drain
electrode 145 may be decreased, to reduce the entire resis-
tance of the active layer 120. Thus, the oxide semiconductor
device 100 may have improved motility of carriers and
increased driving current. When the oxide semiconductor
device 100 has a staggered type, the channel region 124 of the
active layer 120 may have a reduced length without consid-
ering a process margin for an etch stop layer, such that the
oxide semiconductor device 100 may have a decreased size.
In addition, parasitic capacitance between the gate electrode
130, the source electrode 140, and the drain electrode 145
may be considerably decreased. As a result, the oxide semi-
conductor device 100 may have a significantly reduced RC
delay. When the oxide semiconductor device 100 according
to the present exemplary embodiment is employed in an
organic light emitting display device, the organic light emit-
ting display device may implement a large size and display
images with a high resolution.

[0060] Referring back to FIG. 1, the gate insulation layer
125 may be disposed on the substrate 110 to cover the active
layer 120, the first insulation layer pattern 115, and the second
insulation layer pattern 118. The gate insulation layer 125
may include silicon compound, metal oxide, etc.

[0061] The gate electrode 130 may be positioned on the
gate insulation layer 125 disposed on the active layer 120. The
gate electrode 130 may be disposed to overlap the channel
region 124 ofthe active layer 120. The gate electrode 130 may
include metal, metal alloy, metal nitride, conductive metal
oxide, transparent conductive material, etc.

[0062] The insulating interlayer 135 may be disposed on
the gate insulation layer 125 to cover the gate electrode 130.
The insulating interlayer 135 may have a substantially level
surface. The insulating interlayer 135 may include an organic
material or an inorganic material.

[0063] The source electrode 140 and the drain electrode
145 may pass through the insulating interlayer 135 and the
gate insulation layer 125, and contact the source region 122
and the drain region 126, respectively. As described above,
the oxide semiconductor device 100 may have a staggered
type that may not include an etch stop layer on the active layer
120, so that process margin for the etch stop layer may not be
required. Additionally, the source and the drain regions 122
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and 126 may be obtained without ion implantation process,
such that damages to the overlying structures may be pre-
vented.

[0064] FIGS. 2 to 7 are cross-sectional views illustrating a
method of manufacturing an oxide semiconductor device
according to an exemplary embodiment of the present inven-
tion.

[0065] Referring to FIG. 2, an insulation layer 213 may be
formed on a substrate 210 including a soft transparent sub-
strate or a hard transparent substrate. The insulation layer 213
may include a silicon compound.

[0066] A mask 217 may be formed on the insulation layer
213, and then impurities containing hydrogen or fluorine may
be implanted into portions of the insulation layer 213 using
the mask 217 as an ion implantation mask.

[0067] Referring to FIG. 3, the insulation layer 213 may be
etched using the mask 217 as an etching mask, so that a first
insulation layer pattern 215 and a second insulation layer 218
may be formed on the substrate 210. According to the present
exemplary embodiment, each of the first and the second insu-
lation layer patterns 215 and 218 may include silicon oxy-
fluoride (3i0,F ), silicon hydroxide (Si(OH),), silicon nitride
(SiN,), silicon oxynitride (SiO,N, ), silicon fluoronitride (Si-
F N,), etc. The first insulation layer pattern 215 may be sepa-
rated from the second insulation layer pattern 218 by a pre-
determined distance, and a portion of the substrate 210 may
be exposed between the first insulation layer pattern 215 and
the second insulation layer pattern 218. After forming the first
and the second insulation layer patterns 215 and 218, the
mask 217 may be removed from the first and the second
insulation layer patterns 215 and 218.

[0068] An active layer 220 may be formed on the substrate
210, the first insulation layer pattern 215, and the second
insulation layer 218. The active layer 220 may be formed
using an oxide semiconductor containing indium (In), zinc
(Zn), gallium (Ga), tin (Sn), titanium (Ti), aluminum (Al),
hafnium (Hf), zirconium (7r), magnesium (Mg), etc. The
active layer 220 may be disposed on the exposed portion of
the substrate 210 and cover portions of the first and the second
insulation layer patterns 215 and 218. End portions of the first
and the second insulation layer patterns 215 and 218 may be
exposed after forming the active layer 220.

[0069] The first and the second insulation layer patterns
215 and 218 may be thermally treated, such that the impuri-
ties contained in the first and the second insulation layer
patterns 215 and 218 may be diffused to form a source region
222 and a drain region 226 in the active layer 220. Thermal
treatment may include a rapid annealing process, a flash lamp
annealing process, a laser annealing process, etc. The source
and the drain regions 222 and 226 may include impurities
containing hydrogen or fluorine by the thermal treatment,
such that each of the source and the drain regions 222 and 226
may have concentration of carriers substantially higher than
that of a channel region 224. Since the source and the drain
regions 222 and 226 may be formed by diffusing the impuri-
ties from the first and the second insulation layer patterns 215
and 218 into portions of the active layer 220, damage to the
gate insulation layer 225 and/or the active layer 220 from an
ion implantation process may be prevented.

[0070] According to an exemplary embodiment of the
present invention, the first and the second insulation layer
patterns 215 and 218 may be formed by patterning an insu-
lation layer 213 intrinsically including impurities without the
ion implantation process. In this case, processes for forming
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the oxide semiconductor device may be simplified. Alterna-
tively, the impurities included in the first and the second
insulation layer patterns 215 and 218 may be diffused into a
portion of a gate insulation layer 225 (see FIG. 4) through the
active layer 220 by the thermal treatment. Hence, defectin the
gate insulation layer 225 (e.g., oxygen vacancies) may be
cured, so that electrical characteristics of the oxide semicon-
ductor device may be further improved.

[0071] Referring to FIG. 4, the gate insulation layer 225
may be formed on the substrate 210 to cover the active layer
220, the first insulation layer pattern 215, and the second
insulation layer pattern 218. The gate insulation layer 225
may have a sufficient thickness to entirely cover the active
layer 220, the first insulation layer pattern 215, and the second
insulation layer pattern 218. The gate insulation layer 225
may include silicon compound, metal oxide, etc.

[0072] Referring to FIG. 5, a gate electrode 230 may be
formed on the gate insulation layer 225. The gate electrode
230 may be formed directly over the channel region 224 of the
active layer 220. The gate electrode 230 may include metal,
metal alloy, metal nitride, conductive metal oxide, etc.
[0073] Referring to FIG. 6, an insulating interlayer 235
may be formed on the gate insulation layer 225 to cover the
gate electrode 230. The insulating interlayer 235 may have a
substantially flat surface and sufficiently cover the gate elec-
trode 230. The insulating interlayer 235 may include an
organic material or an inorganic material.

[0074] Referring to FIG. 7, the insulating interlayer 235
and the gate insulation layer 225 may be partially removed to
form contact holes that expose the source and the drain
regions 222 and 226, respectively. A source electrode 240 and
a drain electrode 245 may be formed on the insulating inter-
layer 235 to fill the contact holes. The source and the drain
electrodes 240 and 245 may contact the source and the drain
regions 222 and 226, respectively. According to the present
exemplary embodiment, the oxide semiconductor device
having the staggered type may be obtained by the thermal
treatment for forming the source and the drain regions 222
and 226. Thus, manufacturing processes and costs for the
oxide semiconductor device may be reduced and improve
electrical characteristics of the oxide semiconductor device.
[0075] FIG. 8is across-sectional view illustrating an oxide
semiconductor device according to an exemplary embodi-
ment of the present invention.

[0076] Referring to FIG. 8, an oxide semiconductor device
300 may include a substrate 310, a gate electrode 315, a gate
insulation laver 320, a first insulation layer pattern 325, a
second insulation layer pattern 328, an active layer 330, an
etch stop layer 335, a source electrode 340, a drain electrode
345, and an insulating interlayer 350.

[0077] The substrate 310 may include a soft transparent
insulation substrate or a hard transparent insulation substrate.
According to the present exemplary embodiment, a buffer
layer (not illustrated) may be provided on the substrate 310.
The buffer layer may prevent the diffusion of impurities or
ions from the substrate 310 into overlying structures.

[0078] The gate electrode 315 may be disposed on the
substrate 310 and include metal, metal alloy, metal nitride,
conductive metal oxide, transparent conductive material, etc.
The gate insulation layer 320 may be positioned on the sub-
strate 310 to cover the gate electrode 315. The gate insulation
layer 320 may include silicon compound, metal oxide, etc.
[0079] The first and the second insulation layer patterns
325 and 328 may be disposed on the gate insulation layer 320.
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According to the present exemplary embodiment, each of the
first and the second insulation layer patterns 325 and 328 may
include impurities containing hydrogen or fluorine. When the
first and the second insulation layer patterns 325 and 328
include hydrogen ions, the hydrogen ions may be diffused
into portions of the active layer 330 and increase concentra-
tion of carriers, thereby forming a source region 332 and a
drain region 336. When the first and the second insulation
layer patterns 325 and 328 include fluorine ions, the fluorine
ions may reduce oxygen in the active layer 330 and increase
concentration of carriers, thereby forming the source and the
drain regions 332 and 336 having free electrons. Each of the
first and the second insulation layer patterns 325 and 328 may
include silicon oxyfluoride, silicon hydroxide, silicon nitride,
silicon oxynitride, silicon fluoronitride, etc.

[0080] As illustrated in FIG. 8, the active layer 330 may be
disposed on the first insulation layer pattern 325, the second
insulation layer pattern 328, and the gate insulation layer 320.
The active layer 330 may have the source region 332, the
drain region 336, and a channel region 334 between the
source and the drain regions 332 and 336. The active layer 330
may include an oxide semiconductor including indium (In),
zine (Zn), gallium (Ga), tin (Sn), titanium (Ti), aluminum
(Al), hafnium (Hf), zirconium (Zr), magnesium (Mg), etc.
The source and the drain regions 332 and 336 may be formed
by thermally treating the first and the second insulation layer
patterns 325 and 328.

[0081] Theimpurities may be diffused from the first and the
second insulation layer patterns 325 and 328 into portions of
the active layer 330 to form the source and the drain regions
332and 336. A length of the channel region 324 may decrease
as the concentration of the impurities increases. Hence, the
parasitic capacitance and the RC delay of the oxide semicon-
ductor device may be substantially reduced.

[0082] Referring back to FIG. 8, the etch stop layer 335
may be disposed on the active layer 330. The etch stop layer
335 may be disposed on the channel region 334 of the active
layer 330. The etch stop layer 335 may protect the channel
region 334 during a process of forming the source electrode
340 and the drain electrode 345. The etch stop layer 335 may
include silicon compound.

[0083] The source electrode 340 may be disposed on the
gate insulation layer 320 to contact the source region 332 and
the first insulation layer pattern 325. The drain electrode may
also be disposed on the gate insulation layer 320 to contact the
drain regions 336 and the second insulation layer pattern 328.
According to the present exemplary embodiment, the source
electrode 340 may cover a portion of the source region 332
and a portion of the first insulation layer pattern 325. The
drain electrode 345 may cover portions of the drain region
336 and the second insulation layer pattern 328. Each of the
source and the drain electrodes 340 and 345 may include
metal, metal alloy, metal nitride, conductive metal oxide,
transparent conductive material, etc.

[0084] According to the present exemplary embodiment,
one end of the source electrode 340 may be positioned on a
dashed line extending upwardly from one end of the gate
electrode 315, and one end of the drain electrode 345 may be
disposed on a dashed line extending upwardly from the other
end of the gate electrode 315. More particularly, the gate
electrode 315 may not be substantially overlapped with the
source and the drain electrodes 340 and 345, such that the
parasitic capacitance between the gate electrode 315, the
source electrode 340, and the drain electrode 345 may be
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decreased when the etch stop layer 335 may be disposed on
the channel region 334 of the active layer 330. Further, the
first and the second insulation layer patterns 325 and 328 may
be provided between the gate electrode 315 and the source
and drain electrodes 340 and 345, so that the parasitic capaci-
tance may be further reduced. Although each of the source
and the drain electrodes 340 and 345 may have an increased
thickness, to decrease the RC delay of the oxide semiconduc-
tor device 300, the increased thickness of the source and drain
electrodes 340 and 345 may not substantially affect electrical
characteristics of the oxide semiconductor device 300.
[0085] The insulating interlayer 350 may be disposed on
the source electrode 340, the active layer 330, the etch stop
layer 335, and the drain electrode 345. The insulating inter-
layer 350 may have a substantially level upper face. The
insulating interlayer 350 may include an organic material or
an inorganic material.

[0086] FIGS.9to 13 are cross-sectional views illustrating a
method of manufacturing an oxide semiconductor device
according to an exemplary embodiment of the present inven-
tion.

[0087] Referring to FIG. 9, a gate electrode 415 may be
formed on a substrate 410 including a transparent insulation
substrate, and then a gate insulation layer 420 may be formed
on the substrate 410 to cover the gate electrode 415. The gate
insulation layer 420 may have a thickness to sufficiently cover
the gate electrode 415.

[0088] Referring to FIG. 10, aninsulation layer 423 may be
formed on the gate insulation layer 420, and then a mask 427
may be formed on the insulation layer 423. The mask 427 may
partially expose the insulation layer 423. After impurities
containing hydrogen or fluorine may be doped into portions
of the insulation layer 423 exposed by the mask 427, the
insulation layer 423 may be patterned using the mask 427 as
an etching mask. Thus, a first insulation layer pattern 425 and
a second insulation layer pattern 428 may be formed on the
gate insulation layer 420. The first insulation layer pattern
425 may be spaced apart from the second insulation layer
pattern 428 by a predetermined distance substantially the
same to a length of the gate electrode 415. Each of the first and
the second insulation layer patterns 425 and 428 may include
silicon oxyfluoride, silicon hydroxide, silicon nitride, silicon
oxynitride, silicon fluoronitride, etc. According to an exem-
plary embodiment of the present invention, the first and the
second insulation layer patterns 425 and 428 may be formed
by etching the insulation layer 423 using the mask 427, after
forming the insulation layer 423 intrinsically including the
impurities containing hydrogen or fluorine on the gate insu-
lation layer 420. In this case, manufacturing processes for the
oxide semiconductor device may be simplified.

[0089] Referring to FIG. 11, an active layer 430 may be
formed on the gate insulation layer 420, the first insulation
layer pattern 425, and the second insulation layer pattern 428.
The active layer 430 may expose side portions of the first and
the second insulation layer patterns 425 and 428. The active
layer 430 may be formed using oxide semiconductor includ-
ing indium (In), zinc (Zn), gallium (Ga), tin (Sn), titanium
(Ti), aluminum (Al), hafnium (Hf), zirconium (Zr), and mag-
nesium (Mg), etc.

[0090] The active layer 430, the first insulation layer pat-
tern 425, and the second insulation layer pattern 428 may be
thermally treated, so that the impurities may be diffused from
the first and the second insulation layer patterns 425 and 428
into portions ofthe active layer 430 contacting the first and the



US 2016/0254334 Al

second insulation layer patterns 425 and 428. Accordingly, a
source region432 and adrain region 436 may be formed in the
active layer 430, and thus a channel region 434 may be formed
between the source region 432 and the drain region 436.
[0091] Referring to FIG. 12, an etch stop layer 435 may be
formed on the channel region 434 of the active layer 430. The
etch stop layer 435 may include silicon compound such as
silicon oxide, silicon nitride, etc. The etch stop layer 435 may
protect the channel region 434 in successive manufacturing
processes.

[0092] Referring to FIG. 13, a source electrode 440 and a
drain electrode 445 may be formed to contact the source
region 432 and the drain region 436, respectively. According
to an exemplary embodiment of the present invention, a con-
ductive layer (not illustrated) may be formed on the first
insulation layer pattern 425, the active layer 430, the etch stop
layer 435, and the second insulation layer pattern 328, and
then the conductive layer may be patterned to form the source
and the drain electrodes 440 and 445. The conductive layer
may include metal, alloy, metal nitride, conductive metal
oxide, etc. The source electrode 440 may cover the exposed
side portion of the first insulation layer pattern 425 and a
portion of the source region 432. In addition, the drain elec-
trode 445 may cover the exposed side portion of the second
insulation layer pattern 428 and a portion of the drain region
436.

[0093] As illustrated in FIG. 13, one end of the source
electrode 440 may be disposed on a dashed line extending
upwardly from one end of the gate electrode 415, and one end
of the drain electrode 445 may be located on a dashed line
extending upwardly from the other end of the gate electrode
415. Thus, the source and the drain electrodes 440 and 445
may not substantially overlap the gate electrode 415 to reduce
parasitic capacitance between the gate electrode 415, the
source electrode 440, and the drain electrode 445, although
the etch stop layer 435 is formed on the active layer 430.
[0094] An insulating interlayer 450 may be formed on the
etch stop layer 435, the source electrode 440, and the drain
electrode 445. The insulating interlayer 450 may include an
organic material or an inorganic material.

[0095] FIG. 14 is a cross-sectional view illustrating an
organic light emitting display device according to an exem-
plary embodiment of the present invention. The organic light
emitting display device illustrated in FIG. 14 may include an
oxide semiconductor device substantially the same as the
oxide semiconductor device 100 described with reference to
FIG. 1. Alternatively, the organic light emitting display
device in FIG. 14 may include the oxide semiconductor
device 300 illustrated in FIG. 8.

[0096] Referring to FIG. 14, an organic light emitting dis-
play device 500 may include a substrate 510, an oxide semi-
conductor device, an upper insulation layer 550, a first elec-
trode 555, a pixel defining layer 560, a light emitting layer
565, a second electrode 570, etc. The oxide semiconductor
device may include a first insulation layer pattern 515, a
second insulation layer pattern 518, an active layer 520, a gate
insulation layer 525, a gate electrode 530, an insulating inter-
layer 535, a source electrode 540, and a drain electrode 545.
The elements of the oxide semiconductor device may be
substantially the same as the oxide semiconductor device 100
illustrated in FIG. 1.

[0097] The upper insulation layer 550 may be disposed on
the insulating interlayer 535 to sufficiently cover the source
electrode 540 and the drain electrode 545. The upper insula-
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tion layer 550 may protect the oxide semiconductor device in
successive manufacturing processes. The upper insulation
layer 550 may include an organic material or an inorganic
material.

[0098] Thefirstelectrode 555 may be disposed on the upper
insulation layer 550. The first electrode 555 may pass through
the upper insulation layer 550 and contact the drain electrode
545. The first electrode 555 may include a reflective material
or a transmissive material in accordance with an emission
type of the organic light emitting display device.

[0099] The pixel defining layer 560 may be located on the
upper insulation layer 550 to cover the first electrode 555. The
pixel defining layer 560 may have an opening that defines the
luminance region of the organic light emitting display device.
The opening of the pixel defining layer 560 may partially
expose the first electrode 555. The pixel defining layer 560
may include an organic material or an inorganic material.
[0100] The light emitting layer 565 may be positioned on
the exposed first electrode 555. The light emitting layer 565
may include an organic light emitting layer, a hole injection
layer, a hole transfer layer, an electron transfer layer, an
electron injection layer, etc. The organic light emitting layer
565 may include materials generating different colors of
light, such as red color of light, green color of light, or blue
color of light, in accordance with the types of the pixels in the
organic light emitting display device. According to an exem-
plary embodiment of the present invention, the organic light
emitting layer may have a stacked structure in which a plu-
rality of materials generating different colors of light to emit
white color of light.

[0101] The second electrode 570 may be disposed on the
pixel defining layer 560 and the light emitting layer 565. The
second electrode 570 may also include a reflective material or
a transmissive material in accordance with the emission type
of the organic light emitting display device.

[0102] The current organic light emitting display device
may have increased RC delay since dimensions of metal
wirings are reduced as the organic light emitting display
device displays images with high resolution. When the
dimensions of the metal wirings increase, the organic light
emitting display device may not have required large size with
high resolution. The organic light emitting display device 500
according to the present exemplary embodiment may include
the oxide semiconductor device having a reverse staggered
type or a staggered type, in which the source and the drain
regions 522 and 526 of the active layer 520 may be derived
from the first and the second insulation layer patterns 515 and
518. In this oxide semiconductor device, contact resistance
between the source region 522 and the source electrode 540,
and contact resistance between the drain region 526 and the
drain electrode 545 may be decreased, and the length of the
channel region 524 of the active layer 520 may be reduced.
Because the oxide semiconductor device may have improved
electrical characteristics, the organic light emitting display
device 500 including the oxide semiconductor device may
have improved characteristics, such as improved resolution of
images, increased display rate of images, etc.

[0103] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to such
exemplary embodiments, but rather to the broader scope of
the presented claims and various obvious modifications and
equivalent arrangements.
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What is claimed is:

1. An oxide semiconductor device, comprising:

a substrate;

a first insulation layer pattern and a second insulation layer

pattern disposed on the substrate;

an active layer disposed on the first insulation pattern and

the second insulation layer pattern, the active layer com-
prising a source region comprising the first insulation
layer pattern, a drain region comprising the second insu-
lation layer pattern, and a channel region disposed
between the source region and the drain region;

a source electrode contacting the source region; and

a drain electrode contacting the drain region.

2. The oxide semiconductor device of claim 1, wherein the
source region and the drain region comprise impurities dif-
fused from the first insulation layer pattern and the second
insulation layer pattern, respectively.

3. The oxide semiconductor device of claim 2, wherein the
impurities comprise hydrogen or nitrogen.

4. The oxide semiconductor device of claim 3, wherein
each of the first and second insulation layer patterns com-
prises at least one of silicon oxyfluotide (SiO,F)), silicon
hydroxide (Si(OH),), silicon nitride (SiN,), silicon oxyni-
tride (SiO,N,), and silicon fluoronitride (SiF,N,).

5. The oxide semiconductor device of claim 3, wherein the
active layer comprises at least one of indium (In), zinc (Zn),
gallium (Ga), tin (Sn), titanium (T1), aluminum (Al), hafhium
(Hf), zirconium (Zr), and magnesium (Mg).

6. The oxide semiconductor device of claim 1, wherein a
length of the channel region varies according to impurity
content of the source and drain regions.

7. The oxide semiconductor device of claim 1, further
comprising a gate insulation layer disposed on the active
layer, a gate electrode disposed on the gate insulation layer,
and an insulating interlayer disposed on the gate insulation
layer and the gate electrode.

8. The oxide semiconductor device of claim 7, wherein the
source electrode and the drain electrode pass through the
insulating interlayer and the gate insulation layer and contact
the source region and the drain region, respectively.

9. The oxide semiconductor device of claim 1, further
comprising:

a gate electrode disposed on the substrate; and

a gate insulation layer disposed on the gate electrode and

the substrate,

wherein the first and second insulation layer patterns are

disposed on the gate insulation layer.

10. The oxide semiconductor device of claim 9, wherein:

the source electrode contacts portions of the first insulation

layer pattern and the source region; and

the drain electrode contacts portions of the second insula-

tion layer pattern and the drain region.

11. The oxide semiconductor device of claim 9, wherein
the gate electrode does not overlap the source and drain
electrodes.

12. The oxide semiconductor device of claim 9, further
comprising an etch stop layer disposed on the active layer.

13. A method for forming an oxide semiconductor device,
the method comprising:

forming a first insulation layer pattern and second insula-

tion layer pattern on a substrate;

forming an active layer on the substrate, the first insulation

layer pattern, and the second insulation layer pattern;
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forming a source region and a drain region in the active
layer, the source region and the drain region comprising
the first insulation layer pattern and the second insula-
tion layer pattern, respectively;

forming a gate insulation layer on the active layer;

forming a gate electrode on the gate insulation layer;

forming an insulating interlayer on the gate insulation layer
and the gate electrode; and

forming a source electrode and a drain electrode passing

through the insulating interlayer and the gate insulation
layer, the source electrode and the drain electrode con-
tacting the source region and the drain region, respec-
tively.

14. The method of claim 13, wherein forming the source
and the drain electrodes comprise diffusing impurities from
the first insulation layer pattern and the second insulation
layer pattern into the active layer by a thermal treatment.

15. The method of claim 14, wherein the thermal treatment
comprises an annealing process.

16. The method of claim 13, wherein forming the first
insulation layer pattern and the second insulation layer pat-
tern comprises:

forming an insulation layer on the substrate;

forming a mask on the insulation layer;

implanting impurities into portions of the insulation layer
exposed by the mask; and
patterning the insulation layer using the mask.
17. The method of claim 13, wherein forming the first
insulation layer pattern and the second insulation layer pat-
tern comprises:

forming an insulation layer comprising impurities on the
substrate;

forming a mask on the insulation layer; and

patterning the insulation layer using the mask.

18. An organic light emitting display device, comprising:

a substrate;

an oxide semiconductor device disposed on the substrate,
the oxide semiconductor device comprising a first insu-
lation layer pattern, a second insulation layer pattern, an
active layer comprising a source region comprising the
first insulation layer pattern, a drain region comprising
the second insulation layer pattern, and a channel region
disposed between the source region and the drain region,
a source electrode contacting the source region, and a
drain electrode contacting the drain region;

a first electrode electrically connected to the drain elec-
trode;

a light emitting layer disposed on the first electrode; and
a second electrode disposed on the light emitting layer.

19. The organic light emitting display device of claim 18,
wherein:

the oxide semiconductor device further comprises a gate
insulation layer disposed on the active layer, a gate elec-
trode disposed on the gate insulation layer, and an insu-
lating interlayer disposed on the gate insulation layer
and the gate electrode; and

the source electrode and the drain electrode pass through
the insulating interlayer and the gate insulation layer to
contact the source region and the drain region, respec-
tively.
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20. The organic light emitting display device of claim 18,
wherein:
the oxide semiconductor device further comprises a gate
electrode disposed on the substrate and a gate insulation
layer disposed on the gate electrode and the substrate;
and
the source electrode contacts portions of the first insulation
layer pattern and the source region, and the drain elec-
trode contacts portions of the second insulation layer
pattern and the drain region.

# % % k&

Sep. 1,2016



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCH%E=

L5
H b 237 32k
S\EReERE

BEG®)

S ¥ SR ERREEERLINE - LERRRNE_LERR
R OREEF-NE-LEGERELNERE  AREEREEEE -4
SEERENRX , RREBEF-_LSEZERNXE , RETFREXMEX 60—+
ZFREX | BEALR X AR B AR AR X 89K B R,

patsnap

SMESEES  EREDFESERMANAEZNEEECDF SERFNAINRXDRESF

US20160254334A1 NI(AE)R 2016-09-01
US14/817900 RiEH 2015-08-04
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

YANG SHIN HYUK
KIM TAE YOUNG
PARK HYE HYANG

YANG, SHIN-HYUK
KIM, TAE-YOUNG
PARK, HYE-HYANG

HO1L27/32 HO1L29/66 HO1L21/4757 HO1L29/423 HO1L21/477 HO1L29/786 H01L29/24

HO1L27/3262 HO1L29/7869 HO1L29/66969 HO1L29/24 HO1L27/3248 HO1L29/42384 HO1L29/78696
HO1L21/477 HO1L21/47576 HO1L29/42356 HO1L27/1225 H01L29/0653 HO1L29/78603 HO1L29/78606
HO1L2227/323

1020150027073 2015-02-26 KR

US9614020

Espacenet  USPTO

f
500 1 524 | 526 518



https://share-analytics.zhihuiya.com/view/feac93e3-a584-4e5b-81d6-7137f4b82057
https://worldwide.espacenet.com/patent/search/family/056798448/publication/US2016254334A1?q=US2016254334A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160254334%22.PGNR.&OS=DN/20160254334&RS=DN/20160254334

