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(57) An organic light emitting display device (100)
includes a driving TFT (130) on the substrate (110), a
switching TFT (140) on the substrate (110), and an or-
ganic light emitting diode (180). The driving TFT (130)
includes a first active layer (131) formed of poly-Si, and
at least a first part of an interlayer insulation layer (150)
on the first active layer (131). The interlayer insulation
layer (150) is formed of a first material including hydro-
gen. The switching TFT (140) includes a second active
layer (141), at least a second part of the interlayer insu-
lation layer (150) between the first active layer (131) and
the second active layer (141), and at least a part of a
gate insulation layer (160) between the second part of
the interlayer insulation layer (150) and the second active
layer (141). The gate insulation layer (160) is formed from
a second material different from the first material and
blocking diffusion of hydrogen from the interlayer insula-
tion layer (150) to the second active layer (141).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority of Republic of Korea Patent Application No. 10-2016-0085783 filed on July
6, 2016, Republic of Korea Patent Application No. 10-2016-0143777 filed on October 31, 2016 and Republic of Korea
Patent Application No. 10-2016-0143773 filed on October 31, 2016, in the Korean Intellectual Property Office.

BACKGROUND

Field

[0002] The present disclosure relates to an organic light emitting display device including a multi-type thin film tran-
sistors, i.e. different types of thin film transistors which have different types of active layers, and a method of manufacturing
the organic light emitting display device and more particularly, to an organic light emitting display device in which different
types of thin film transistors are disposed on a single substrate and a method of manufacturing the organic light emitting
display device.

Description of the Related Art

[0003] Recently, as the world reached a full-scale information age, the field of display for visually displaying electrical
information signals has grown rapidly. In response thereto, various flat display devices with excellent performance in
terms of thinning, weight lightening, and low power consumption have been developed and have rapidly replaced cathode
ray tube (CRT) displays that have been used in the art.
[0004] Specific examples of the flat display devices include a liquid crystal display (LCD) device, an organic light
emitting display (OLED) device, an electro phoretic display (EPD) device, a plasma display panel (PDP) device, and an
electro-wetting display (EWD) device, and the like. Particularly, the OLED device, which is a next-generation display
device with self-emitting characteristics, has excellent characteristics in terms of viewing angle, contrast, response
speed, power consumption, etc., as compared with the LCD device.
[0005] The OLED device includes a display area where an organic light emitting element for displaying an image and
a pixel circuit for driving the organic light emitting element are disposed. Also, the OLED device includes a non-display
area which is adjacent to the display area and in which a driving circuit is disposed. Particularly, a plurality of thin film
transistors is positioned in the pixel circuit and the driving circuit so as to drive organic light emitting elements in a plurality
of pixels.
[0006] The thin film transistors can be classified by the material of an active layer. Particularly, a low temperature poly-
silicon (LTPS) thin film transistor and an oxide semiconductor thin film transistor are commonly used. However, currently,
in an OLED device, either the LTPS thin film transistor or the oxide semiconductor thin film transistor is used on a single
substrate as a thin film transistor constituting a pixel circuit and a driving circuit. However, if any one of the LTPS thin
film transistor or the oxide semiconductor thin film transistor constitutes the pixel circuit and the driving circuit, there are
various problems. Accordingly, there has been a need to apply different types of thin film transistors to a single OLED
device.

SUMMARY

[0007] The inventors of the present disclosure recognized the above-described need and researched a technology of
applying different types of thin film transistors to a single substrate. Then, the inventors invented an organic light emitting
display device to which an LTPS thin film transistor and an oxide semiconductor thin film transistor are applied. However,
inventors of the present disclosure recognized various problems caused by application of the LTPS thin film transistor
and an oxide semiconductor thin film transistor to the single substrate.
[0008] Firstly, hydrogen contained in an interlayer insulation layer of the LTPS thin film transistor and used for a
hydrogenation process of an active layer of the LTPS thin film transistor may be diffused into an active layer of the oxide
semiconductor thin film transistor. Thus, a threshold voltage (Vth) of the oxide semiconductor thin film transistor may
be changed.
[0009] Further, inorganic films of an encapsulation unit used in an OLED device need to be formed on an organic light
emitting element and thus are formed by a low-temperature process. However, the inorganic films formed by a low-
temperature process contain a relatively large amount of hydrogen. Such hydrogen is diffused into the active layer of
the oxide semiconductor thin film transistor, and, thus, there is a problem that the threshold voltage (Vth) of the oxide
semiconductor thin film transistor may be changed.
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[0010] Also, a large amount of hydrogen may be diffused into the active layer of the oxide semiconductor thin film
transistor depending on the timing of an activation process and a hydrogenation process of the active layer of the LTPS
thin film transistor in a manufacturing process of the organic light emitting display device.
[0011] Accordingly, an object to be achieved by the present disclosure is to provide a new structure of an organic light
emitting display device for solving the above-described problems and a new method of manufacturing an organic light
emitting display device.
[0012] Specifically, the object to be achieved by the present disclosure is to provide an organic light emitting display
device and a method of manufacturing the organic light emitting display device. In the organic light emitting display
device, a lamination structure and materials of an interlayer insulation layer of an LTPS thin film transistor and a gate
insulation layer and a passivation layer of an oxide semiconductor thin film transistor are variously designed. Thus, the
organic light emitting display device is capable of reducing diffusion of hydrogen from the interlayer insulation layer or
an encapsulation unit of the LTPS thin film transistor into an active layer of the oxide semiconductor thin film transistor.
[0013] Another object to be achieved by the present disclosure is to provide a method of manufacturing an organic
light emitting display device by which diffusion of hydrogen into an active layer of an oxide semiconductor thin film
transistor can be reduced while an activation process and a hydrogenation process are performed to an LTPS thin film
transistor.
[0014] The objects of the present disclosure are not limited to the aforementioned objects, and other objects, which
are not mentioned above, will be apparent to a person having ordinary skill in the art from the following description. The
objects are solved by the features of the independent claims.
[0015] According to an aspect of the present disclosure, there is provided an organic light emitting display device
including multi-type thin film transistors. For example, the organic light emitting display device includes a substrate
defined into a display area and a non-display area positioned on one side of the display area, an LTPS thin film transistor
and an oxide semiconductor thin film transistor disposed on the display area, a lower insulation layer and an upper
insulation layer respectively positioned under and on an active layer of the oxide semiconductor thin film transistor, and
an organic light emitting element positioned on the LTPS thin film transistor and the oxide semiconductor thin film
transistor. The lower insulation layer or the upper insulation layer is formed as a multi-layer structure having at least one
difference in film density or hydrogen content to minimize exposure of the active layer to hydrogen.
[0016] According to another feature of the present disclosure, the lower insulation layer includes a first insulation layer
and a second insulation layer. The second insulation layer is disposed on the first insulation layer so as to be in contact
with the active layer. The first insulation layer and the second insulation layer may be formed of different materials. The
second insulation layer may have a higher hydrogen content than the first insulation layer.
[0017] According to yet another feature of the present disclosure, the lower insulation layer includes a first insulation
layer and a second insulation layer. The second insulation layer is disposed on the first insulation layer so as to be
adjacent to the active layer. The first insulation layer and the second insulation layer may be formed of the same material.
The second insulation layer may have a higher hydrogen content than the first insulation layer.
[0018] According to still another feature of the present disclosure, the upper insulation layer includes a third insulation
layer and a fourth insulation layer. The third insulation layer is in contact with the active layer. The fourth insulation layer
is disposed on the third insulation layer. The third insulation layer may have a higher film density than the fourth insulation
layer.
[0019] According to an aspect of the present disclosure, there is provided a method of manufacturing an organic light
emitting display device including a multi-type thin film transistor. The method of manufacturing an organic light emitting
display device includes forming a first active layer of an LTPS thin film transistor on a substrate, forming a gate electrode
of the LTPS thin film transistor on the first active layer, forming an insulation layer on the gate electrode, forming a
second active layer of an oxide semiconductor thin film transistor on the insulation layer, forming a first source electrode
and a first drain electrode of the oxide semiconductor thin film transistor and a second source electrode and a second
drain electrode of the LTPS thin film transistor on the insulation layer, and forming a passivation layer covering the first
source electrode, the second source electrode, the first drain electrode, and the second drain electrode. The first source
electrode, the second source electrode, the first drain electrode, and the second drain electrode are formed of the same
material at the same process. The insulation layer or the passivation layer is formed as a multi-layer structure, and each
layer of the passivation layer has a different property. According to another aspect, a method for manufacturing an
organic light emitting display device, comprising: forming a driving thin film transistor, the driving TFT including a poly-
Si active layerformed of poly-silicon; forming a switching thin film transistor, the switching TFT including an oxide sem-
iconductor active layer formed of an oxide semiconductor material; and forming an organic light emitting diode (OLED)
electrically connected to the driving TFT; wherein an interlayer insulation layer formed of a first material including hydrogen
is provided between the poly-Si active layer and the oxide semiconductor active layer, and wherein a gate insulation
layer is provided between the interlayer insulation layer and the oxide semiconductor active layer, the gate insulation
layer formed of a second material different from the first material, the second material being configured to block diffusion
of hydrogen from the interlayer insulation layer to the oxide semiconductor active layer.
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[0020] According to still another feature of the present disclosure, the forming of an insulation layer includes forming
a first insulation layer on the gate electrode and forming a second insulation layer on the first insulation layer. Each of
the forming of a first insulation layer and the forming of a second insulation layer includes injecting an injection source
into a chamber. The injection source may include a silane (SiH4) gas.
[0021] According to still another feature of the present disclosure, in the forming of a first insulation layer and the
forming of a second insulation layer, the first insulation layer and the second insulation layer are formed of the same
material. The second insulation layer may have a higher film density than the first insulation layer to effectively block
hydrogen.
[0022] According to still another feature of the present disclosure, the amount of the silane gas injected in the forming
of a second insulation layer may be smaller than the amount of the silane gas injected in the forming of a first insulation
layer.
[0023] Embodiments also relate to an organic light emitting display device, including a substrate and a pixel on the
substrate. The pixel includes a driving thin film transistor (TFT) on the substrate, a switching TFT on the substrate, and
an organic light emitting diode (OLED). The driving TFT includes a first active layer formed of poly-Si, and at least a first
part of an interlayer insulation layer on the first active layer. The interlayer insulation layer is formed of a first material
including hydrogen. The switching TFT includes a second active layer, at least a second part of the interlayer insulation
layer between the first active layer and the second active layer, and at least a part of a gate insulation layer between
the second part of the interlayer insulation layer and the second active layer. The gate insulation layer is formed from a
second material different from the first material and blocking diffusion of hydrogen from the interlayer insulation layer to
the second active layer. The OLED is electrically connected to the driving TFT. The first material may include silicon
nitride (SiNx). The second material may include silicon oxide (SiOx). A hydrogen content of the second material may
be less than a hydrogen content of the first material. A hydrogen content of a first portion of the gate insulation layer
may be less than a hydrogen content of a second portion of the gate insulation layer, the first portion closer to the second
active layer than the second portion is to the second active layer. A density of a first portion of the gate insulation layer
may be higher than a density of a second portion of the gate insulation layer , the first portion closer to the second active
layer than the second portion is to the second active layer. The organic light emitting display device may further comprise
a passivation layer disposed over the driving TFT and the switching TFT, wherein at least a portion of the passivation
layer contacts the second active layer. A hydrogen content of a first portion of the passivation layer is less than a hydrogen
content of a second portion of the passivation layer , the first portion closer to the second active layer than the second
portion is to the second active layer. A density of a first portion of the passivation layer may be higher than a density of
a second portion of the passivation layer, the first portion closer to the second active layer than the second portion is to
the second active layer. The passivation layer may include a first passivation layer including silicon oxide (SiOx) and a
second passivation layer on the first passivation layer and formed of a different material other than silicon oxide (SiOx),
the first passivation layer closer to the second active layer than the second passivation layer is to the second active
layer. The organic light emitting display device may further comprise a bottom shield metal disposed below the first
active layer and overlapping with the first active layer. The driving TFT may include a first gate electrode, and the
switching TFT may include a second gate electrode. The first gate electrode and the second gate electrode may be
disposed on a same layer. The organic light emitting display device may further comprise a storage capacitor on the
substrate. The storage capacitor may include a first capacitor electrode disposed on a same layer as the first active
layer, and a second capacitor electrode on the first storage electrode. The switching TFT may include a gate electrode
on the substrate, and wherein the second capacitor electrode may be disposed on a same layer as the gate electrode
of the switching TFT.
[0024] Embodiments also relate to an organic light emitting display device, including a substrate and a pixel on the
substrate. The pixel includes a first active layer of a first thin film transistor (TFT) on the substrate. The first active layer
is formed of oxide semiconductor. The pixel also includes a second active layer of a second TFT on the substrate. The
second active layer is formed of poly-Si. The pixel also includes a first insulation layer between the first active layer and
the second active layer. The first insulation layer is formed of a first material including hydrogen. The pixel also includes
a second insulation layer between the first insulation layer and the second first active layer. The second insulation layer
is formed of a second material different from the first material and blocking diffusion of hydrogen from the first insulation
layer to the second first active layer. The OLED is electrically connected to the second TFT. The first TFT may further
include a first gate electrode disposed below the first active layer. The first insulation layer and the second insulation
layer may be disposed between the first gate electrode and the first active layer. The first TFT may further include a first
gate electrode disposed below the first active layer. The first insulation layer may be disposed below the first gate
electrode, and the second insulation layer may be disposed above the first gate electrode. The first material may include
silicon nitride (SiNx). The second material may include silicon oxide (SiOx).
[0025] Details of other exemplary embodiments will be included in the detailed description of the invention and the
accompanying drawings.
[0026] According to the present disclosure, it is possible to provide an organic light emitting display device having a
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new structure capable of solving various problems occurring when different types of thin film transistors are applied to
a single substrate and a method of manufacturing the new organic light emitting display device.
[0027] Specifically, according to the present disclosure, diffusion of hydrogen contained in various insulation layers
within the organic light emitting display device into an active layer of an oxide semiconductor thin film transistor can be
reduced. Thus, the reliability of the oxide semiconductor thin film transistor can be improved.
[0028] According to the present disclosure, an activation process and a hydrogenation process of an LTPS thin film
transistor are optimized. Thus, the reliability of the oxide semiconductor thin film transistor can be improved.
[0029] The effects of the present disclosure are not limited to the aforementioned effects, and various other effects
are included in the present specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, features and other advantages of the present disclosure will be more clearly
understood from the following detailed description taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a cross-sectional view of an organic light emitting display device including a multi-type thin film transistor
according to an embodiment of the present disclosure.
FIG. 2A and FIG. 2B are cross-sectional views provided to explain an effect of hydrogen diffusion from an interlayer
insulation layer on an oxide semiconductor thin film transistor in an organic light emitting display device according
to a Comparative Example.
FIG. 2C is a cross-sectional view provided to explain an effect of hydrogen diffusion from an interlayer insulation
layer on an oxide semiconductor thin film transistor in an organic light emitting display device including a multi-type
thin film transistor according to an embodiment of the present disclosure.
FIG. 3A is a cross-sectional view provided to explain an effect of hydrogen diffusion from an encapsulation unit on
an oxide semiconductor thin film transistor in an organic light emitting display device including a multi-type thin film
transistor according to an embodiment of the present disclosure.
FIG. 3B is an enlarged view of an area A of FIG. 3A.
FIG. 4A is a cross-sectional view of an organic light emitting display device including a multi-type thin film transistor
according to another embodiment of the present disclosure.
FIG. 4B is an enlarged view of an area A of FIG. 4A.
FIG. 5 is a cross-sectional view of an organic light emitting display device including a multi-type thin film transistor
according to yet another embodiment of the present disclosure.
FIG. 6A is a cross-sectional view provided to explain an effect of a substrate and a buffer layer in an organic light
emitting display device including a multi-type thin film transistor according to an embodiment of the present disclosure.
FIG. 6B and FIG. 6C are cross-sectional views of organic light emitting display devices each including a multi-type
thin film transistor according to various embodiments of the present disclosure.
FIG. 7 is a schematic flowchart of a method of manufacturing an organic light emitting display device including a
multi-type thin film transistor according to an embodiment of the present disclosure.
FIG. 8A through FIG. 8I are process cross-sectional views of a method of manufacturing an organic light emitting
display device including a multi-type thin film transistor according to an embodiment of the present disclosure.
FIG. 9 is a cross-sectional view of an organic light emitting display device including a multi-type thin film transistor
according to still another embodiment of the present disclosure.
FIG. 10A is a schematic flowchart of an activation process and a hydrogenation process of an LTPS thin film transistor
in a method of manufacturing an organic light emitting display device including a multi-type thin film transistor
according to a Comparative Example.
FIG. 10B and FIG. 10C are schematic flowcharts of an activation process and a hydrogenation process of an LTPS
thin film transistor in a method of manufacturing an organic light emitting display device including a multi-type thin
film transistor according to an embodiment and another embodiment of the present disclosure.
FIG. 11 is a table of Vth MAP and Vth variation caused by an activation process and a hydrogenation process of
an LTPS thin film transistor in a method of manufacturing an organic light emitting display device including a multi-
type thin film transistor according to an embodiment of the present disclosure and the Comparative Example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0031] Advantages and features of the present disclosure, and methods for accomplishing the same will be more
clearly understood from exemplary embodiments described below with reference to the accompanying drawings. How-
ever, the present disclosure is not limited to the following exemplary embodiments but may be implemented in various
different forms. The exemplary embodiments are provided only to complete disclosure of the present disclosure and to
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fully provide a person having ordinary skill in the art to which the present disclosure pertains with the category of the
disclosure, and the present disclosure will be defined by the appended claims.
[0032] The shapes, sizes, ratios, angles, numbers, and the like illustrated in the accompanying drawings for describing
the exemplary embodiments of the present disclosure are merely examples, and the present disclosure is not limited
thereto. Like reference numerals generally denote like elements throughout the present specification. Further, in the
following description, a detailed explanation of known related technologies may be omitted to avoid unnecessarily ob-
scuring the subject matter of the present disclosure. The terms such as "including," "having," and "consist of" used herein
are generally intended to allow other components to be added unless the terms are used with the term "only". Any
references to singular may include plural unless expressly stated otherwise.
[0033] Components are interpreted to include an ordinary error range even if not expressly stated.
[0034] When the position relation between two parts is described using the terms such as "on", "above", "below", and
"next", one or more parts may be positioned between the two parts unless the terms are used with the term "immediately"
or "directly".
[0035] When an element or layer is referred to as being "on" another element or layer, it may be directly on the other
element or layer, or intervening elements or layers may be present.
[0036] Although the terms "first", "second", and the like are used for describing various components, these components
are not confined by these terms. These terms are merely used for distinguishing one component from the other com-
ponents. Therefore, a first component to be mentioned below may be a second component in a technical concept of the
present disclosure.
[0037] Throughout the whole specification, the same reference numerals denote the same elements.
[0038] Since the size and thickness of each component illustrated in the drawings are represented for convenience
in explanation, the present disclosure is not necessarily limited to the illustrated size and thickness of each component.
[0039] The features of various embodiments of the present disclosure can be partially or entirely bonded to or combined
with each other and can be interlocked and operated in technically various ways as can be fully understood by a person
having ordinary skill in the art, and the embodiments can be carried out independently of or in association with each other.
[0040] Hereinafter, various embodiments of the present disclosure will be described in detail with reference to the
accompanying drawings.
[0041] In organic light emitting display devices each including a multi-type thin film transistor according to various
embodiments of the present disclosure, at least two types of thin film transistors are formed on the same substrate. A
multi-type thin film transistor refers to different types of thin film transistors formed on a single substrate. Herein, a thin
film transistor including an active layer formed of a poly-silicon material and a thin film transistor including an active layer
formed of a metal oxide are used as at least two types of thin film transistors.
[0042] In the organic light emitting display devices each including a multi-type thin film transistor according to various
exemplary embodiments of the present disclosure, an LTPS thin film transistor using low temperature poly-silicon is
used as the thin film transistor including an active layer formed of a poly-silicon material. The poly-silicon material has
high mobility (100 cm2/Vs or more), low energy power consumption and excellent reliability. Thus, the LTPS thin film
transistor can be applied to a gate driver and/or multiplexer (MUX) for use in a driving element for driving thin film
transistors for display device. Preferably, the LTPS thin film transistor may be applied to driving thin film transistors within
pixels of an organic light emitting display device.
[0043] Also, in the organic light emitting display devices each including a multi-type thin film transistor according to
various exemplary embodiments of the present disclosure, an oxide semiconductor thin film transistor including an active
layer formed of an oxide semiconductor material is used. The oxide semiconductor material has a greater band gap
than a silicon material, so that an electron cannot cross the band gap in an off state and an off-current is low. Therefore,
the oxide semiconductor thin film transistor is suitable for switching thin film transistors which remain on for a short time
and off for a long time. Also, since the off-current is low, the size of an auxiliary capacitance can be reduced. Therefore,
the oxide semiconductor thin film transistor is suitable for high-resolution display elements.
[0044] In the organic light emitting display devices each including a multi-type thin film transistor according to various
embodiments of the present disclosure, the LTPS thin film transistor and the oxide semiconductor thin film transistor
having different properties are disposed on the same substrate. Thus, it is possible to provide optimum functionality.
[0045] FIG. 1 is a cross-sectional view of an organic light emitting display device including a multi-type thin film transistor
according to an embodiment of the present disclosure. FIG. 1 is a cross-sectional view of a partial area of a single pixel
in an organic light emitting display device 100, and illustrates an LTPS thin film transistor 130, an oxide semiconductor
thin film transistor 140, and a storage capacitor 120.
[0046] Referring to FIG. 1, the organic light emitting display device 100 includes a substrate 110, a buffer layer 111,
the oxide semiconductor thin film transistor 140, the LTPS thin film transistor 130, the storage capacitor 120, a gate
insulation layer 112 of the LTPS thin film transistor 130, an interlayer insulation layer 150, a gate insulation layer 160 of
the oxide semiconductor thin film transistor 140, a passivation layer 170, an overcoating layer 113, an organic light
emitting element 180, and an encapsulation unit 190.
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[0047] The LTPS thin film transistor 130 illustrated in FIG. 1 is a top gate or coplanar thin film transistor in which a
gate electrode 134 is disposed on an active layer 131. Further, the oxide semiconductor thin film transistor 140 is a back
channel etch (BCE) thin film transistor in which a gate electrode 144 is separated from a source electrode 142 and a
drain electrode 143 by an active layer 141 disposed therebetween. However, the present disclosure is not limited to the
above-described structure.
[0048] Hereinafter, each of the components of the organic light emitting display device 100 will be described in detail.
[0049] The substrate 110 supports various components of the organic light emitting display device 100. The substrate
110 may be formed of glass or a plastic material having flexibility. For example, the substrate 110 may be formed of
polyimide (PI). If the substrate 110 is formed of polyimide (PI), a manufacturing process of an organic light emitting
display device may be performed in a state where a supporting substrate formed of solid glass is disposed under the
substrate 110. In this case, the supporting substrate is removed during the manufacturing process. Further, after the
supporting substrate is removed, a back plate for supporting the substrate 110 may be disposed under the substrate 110.
[0050] If the substrate 110 is formed of a plastic material, moisture or hydrogen permeating into the organic light
emitting display device 100 from under the substrate 110 can be suppressed more reliably. In order to shield an electrical
effect from the outside more reliably, the substrate 110 may be formed as a multi-layer structure. For example, the
substrate 110 may be formed as a three-layer structure including a plastic layer/ an inorganic film/ a plastic layer. In this
case, the inorganic film may be formed of silicon nitride (SiNx) to block moisture or hydrogen more reliably, or may be
formed of a metal material to shield an electrical effect more reliably. Further, a constant voltage may be applied to an
inorganic film formed of a metal material, so that electrical shielding can be achieved more completely.
[0051] Referring to FIG. 1, the buffer layer 111 is formed on the entire surface of the substrate 110. The buffer layer
111 may be formed as a single layer of silicon nitride (SiNx) or silicon oxide (SiOx) or a multi-layer of silicon nitride (SiNx)
and silicon oxide (SiOx). The buffer layer 111 improves an adhesive force between layers formed on the buffer layer
111 and the substrate 110 and blocks alkali elements discharged from the substrate 110. However, the buffer layer 111
is not an essential component, but may be omitted depending on the kind and material of the substrate 110 and a
structure or type of the thin film transistor.
[0052] Referring to FIG. 1, the LTPS thin film transistor 130 is disposed on the buffer layer 111. The LTPS thin film
transistor 130 includes the active layer 131 formed of poly-silicon, the gate electrode 134 formed of a conductive metal
material, a source electrode 132, and a drain electrode 133.
[0053] The active layer 131 of the LTPS thin film transistor 130 is disposed on the buffer layer 111. The active layer
of the LTPS thin film transistor 130 includes a channel area CA where a channel is formed when the LTPS thin film
transistor 130 is driven and a source area SA and a drain area DA on both sides of the channel area CA. The channel
area CA, the source area SA, and the drain area DA are defined by ion doping (impurity doping).
[0054] The active layer 131 of the LTPS thin film transistor 130 contains poly-silicon. An amorphous-silicon (a-Si)
material is deposited on the buffer layer 111 and a dehydrogenation process and a crystallization process are performed
thereto, so that poly-silicon is formed. The active layer 131 is formed by patterning the poly-silicon. Further, after the
interlayer insulation layer 150 of the LTPS thin film transistor 130 to be described later is formed, an activation process
and a hydrogenation process are further performed, so that the active layer 131 is completed. A manufacturing process
of the active layer 131 of the LTPS thin film transistor 130 will be described later.
[0055] Referring to FIG. 1, the gate insulation layer 112 of the LTPS thin film transistor 130 is disposed on the active
layer 131 and the buffer layer 111 of the LTPS thin film transistor 130. The gate insulation layer 112 of the LTPS thin
film transistor 130 may be formed as a single layer of silicon nitride (SiNx) or silicon oxide (SiOx) or a multi-layer of
silicon nitride (SiNx) and silicon oxide (SiOx). In the gate insulation layer 112 of the LTPS thin film transistor 130, contact
holes through which the source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 are brought
into contact with the source area SA and the drain area DA of the active layer 131 of the LTPS thin film transistor 130,
respectively, are formed.
[0056] Referring to FIG. 1, the gate electrode 134 of the LTPS thin film transistor 130 is disposed on the gate insulation
layer 112 of the LTPS thin film transistor 130. A metal layer such as molybdenum (Mo) is formed on the gate insulation
layer 112 of the LTPS thin film transistor 130, and the gate electrode 134 of the LTPS thin film transistor 130 is formed
by patterning the metal layer. The gate electrode 134 of the LTPS thin film transistor 130 is disposed on the gate insulation
layer 112 of the LTPS thin film transistor 130 so as to be overlapped with the channel area CA of the active layer 131
of the LTPS thin film transistor 130.
[0057] Referring to FIG. 1, the oxide semiconductor thin film transistor 140 includes the active layer 141 formed of
oxide semiconductor, the gate electrode 144 formed of conductive metal, a source electrode 142, and a drain electrode
143. As described above, the oxide semiconductor thin film transistor 140 can be applied to a switching thin film transistor
in a pixel circuit.
[0058] Referring to FIG. 1, the gate electrode 144 of the oxide semiconductor thin film transistor 140 is formed on the
gate insulation layer 112 of the LTPS thin film transistor 130. A metal layer such as molybdenum (Mo) is formed on the
gate insulation layer 112 of the LTPS thin film transistor 130, and the gate electrode 144 of the oxide semiconductor
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thin film transistor 140 is formed by patterning the metal layer.
[0059] The gate electrode 134 of the LTPS thin film transistor 130 and the gate electrode 144 of the oxide semiconductor
thin film transistor 140 may be formed at the same process through the same process. That is, the metal layer may be
formed on the gate insulation layer 112 of the LTPS thin film transistor 130 and then patterned to form the gate electrode
134 of the LTPS thin film transistor 130 and the gate electrode 144 of the oxide semiconductor thin film transistor 140
at the same process. Thus, the gate electrode 134 of the LTPS thin film transistor 130 and the gate electrode 144 of the
oxide semiconductor thin film transistor 140 may be formed on the same layer and formed of the same material to the
same thickness on the same layer. Since the gate electrode 134 of the LTPS thin film transistor 130 and the gate
electrode 144 of the oxide semiconductor thin film transistor 140 are formed at the same process through the same
process, the processing time can be reduced and the number of masks can be reduced. Thus, the processing costs can
also be reduced. However, the present disclosure is not limited thereto. The gate electrode of the LTPS thin film transistor
130 may be disposed under the active layer 131, or the gate electrode of the oxide semiconductor thin film transistor
140 may be disposed on the active layer 141. Further, referring to FIG. 9, the gate electrode of the oxide semiconductor
thin film transistor 140 may be disposed between the gate electrode 134 of the LTPS thin film transistor 130 and the
active layer 141 of the oxide semiconductor thin film transistor 140. A detailed explanation of FIG. 9 will be provided later.
[0060] Referring to FIG. 1, the interlayer insulation layer 150 of the LTPS thin film transistor 130 is disposed on the
gate electrode 134 of the LTPS thin film transistor 130 and the gate electrode 144 of the oxide semiconductor thin film
transistor 140. The interlayer insulation layer 150 of the LTPS thin film transistor 130 may be formed of silicon nitride
(SiNx). The interlayer insulation layer 150 functions to supply hydrogen to the active layer 131 of the LTPS thin film
transistor 130. To this end, the interlayer insulation layer 150 may be formed of a first material including hydrogen. In
one embodiment, the interlayer insulation layer 150 is formed of silicon nitride (SiNx) having a high hydrogen content.
As defined herein, hydrogen content may refer to an amount of hydrogen in a layer or a concentration of hydrogen in
the layer expressed in units of atomic percent (%) or molar percent (%). In one embodiment, the interlayer insulation
layer 150 is formed of silicon nitride (SiNx) that includes 15%-25% hydrogen content. The hydrogenation process is a
process for filling vacancies in the active layer 131 of the LTPS thin film transistor 130 with hydrogen. A detailed explanation
of the hydrogenation process will be provided later.
[0061] The thickness of the interlayer insulation layer 150 of the LTPS thin film transistor 130 may be determined on
the basis of a design value of the LTPS thin film transistor 130. In general, the LTPS thin film transistor 130 has high
mobility. Thus, in order to increase the mobility of the LTPS thin film transistor 130, preferably, a large amount of hydrogen
may be injected into the active layer 131 of the LTPS thin film transistor 130 during the hydrogenation process. Thus,
in order to secure high mobility, the thickness of the interlayer insulation layer 150 may also be increased. Although the
thickness of the interlayer insulation layer 150 is increased, there is a threshold thickness where the amount of hydrogen
injected into the active layer 131 of the LTPS thin film transistor 130 is saturated by the hydrogenation process. Therefore,
the thickness of the interlayer insulation layer 150 may be appropriately selected considering a target mobility and a
threshold thickness of the LTPS thin film transistor 130. Therefore, the thickness of the interlayer insulation layer 150
may have various values on the basis of a target mobility, a function, and an operation of the LTPS thin film transistor 130.
[0062] In the interlayer insulation layer 150 of the LTPS thin film transistor 130, the contact holes through which the
source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 are brought into contact with the
source area SA and the drain area DA of the active layer 131 of the LTPS thin film transistor 130, respectively, are formed.
[0063] Referring to FIG. 1, the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is disposed
on the interlayer insulation layer 150 of the LTPS thin film transistor 130. The gate insulation layer 160 of the oxide
semiconductor thin film transistor 140 may be formed of silicon oxide (SiOx). However, materials of the gate insulation
layer 160 of the oxide semiconductor thin film transistor 140 and the interlayer insulation layer 150 of the LTPS thin film
transistor 130 are not limited thereto. However, preferably, a material containing less hydrogen than the interlayer
insulation layer 150 of the LTPS thin film transistor 130 may be selected as a material of the gate insulation layer 160
of the oxide semiconductor thin film transistor 140. Further, preferably, the gate insulation layer 160 of the oxide semi-
conductor thin film transistor 140 may be formed of a material having a property or quality capable of effectively blocking
hydrogen diffusion. Specifically, the gate insulation layer 160 may be formed of a second material different from a first
material that blocks diffusion of hydrogen from the interlayer insulation layer 150 to the active layer 141 of the oxide
semiconductor TFT 140. As described above, the gate insulation layer 160 of the oxide semiconductor thin film transistor
140 suppresses the movement of hydrogen from the insulation layer 150 of the LTPS thin film transistor 130 into the
active layer 141 of the oxide semiconductor thin film transistor 140. If the active layer 141 of the oxide semiconductor
thin film transistor 140 is exposed to hydrogen, reduction may occur in the active layer 141 of the oxide semiconductor
thin film transistor 140. Accordingly, there may be a change in threshold voltage Vth of the oxide semiconductor thin
film transistor 140. Therefore, the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is disposed
between the interlayer insulation layer 150 of the LTPS thin film transistor 130 having a high hydrogen content and the
active layer 141 of the oxide semiconductor thin film transistor 140. Thus, it is possible to suppress the movement of
hydrogen from the interlayer insulation layer 150 of the LTPS thin film transistor 130 into the active layer 141 of the oxide
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semiconductor thin film transistor 140. Further, in a structure where the gate insulation layer 160 of the oxide semicon-
ductor thin film transistor 140 is in direct contact with the active layer 141 of the oxide semiconductor thin film transistor
140, the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 has a relatively low hydrogen
content. Therefore, an effect of hydrogen may be reduced as compared with a structure where the interlayer insulation
layer 150 is in direct contact with the active layer 141 of the oxide semiconductor thin film transistor 140. In one embod-
iment, the gate insulation layer 160 is formed of silicon oxide (SiOx) that includes 2%-5% hydrogen content.
[0064] Thus, in the organic light emitting display device 100 according to an exemplary embodiment of the present
disclosure, the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 may be further disposed
between the interlayer insulation layer 150 of the LTPS thin film transistor 130 and the active layer 141 of the oxide
semiconductor thin film transistor 140. Therefore, it is possible to more effectively reduce diffusion of hydrogen contained
in the interlayer insulation layer 150 of the LTPS thin film transistor 130 into the active layer 141 of the oxide semiconductor
thin film transistor 140. Accordingly, reduction of the active layer 141 of the oxide semiconductor thin film transistor 140
can be minimized. Also, a change in threshold voltage Vth of the oxide semiconductor thin film transistor 140 can be
minimized.
[0065] In the gate insulation layer 160 of the oxide semiconductor thin film transistor 140, the contact holes through
which the source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 are brought into connect
with the source area SA and the drain area DA of the active layer 131 of the LTPS thin film transistor 130, respectively,
are formed.
[0066] Hereinafter, an effect of suppressing hydrogen diffusion by the interlayer insulation layer 150 of the LTPS thin
film transistor 130 and the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 will be described
in more detail with reference to FIG. 2A through FIG. 2C.
[0067] FIG. 2A and FIG. 2B are cross-sectional views provided to explain an effect of hydrogen diffusion from an
interlayer insulation layer on an oxide semiconductor thin film transistor in an organic light emitting display device
according to a Comparative Example. FIG. 2A and FIG. 2B are cross-sectional views of Comparative Examples where
a configuration of the interlayer insulation layer 150 of the LTPS thin film transistor 130 and the gate insulation layer 160
of the oxide semiconductor thin film transistor 140 in the organic light emitting display device 100 including a multi-type
thin film transistor according to an exemplary embodiment of the present disclosure as illustrated in FIG. 1 is modified.
[0068] Referring to FIG. 2A, in an organic light emitting display device 200A of Comparative Example, an interlayer
insulation layer 250A of the LTPS thin film transistor 130 formed of silicon nitride (SiNx) is disposed to cover the gate
electrode 134 of the LTPS thin film transistor 130 and the gate electrode 144 of the oxide semiconductor thin film transistor
140. The active layer 141 of the oxide semiconductor thin film transistor 140 is disposed on the interlayer insulation layer
250A of the LTPS thin film transistor 130. Therefore, in the organic light emitting display device 200A of Comparative
Example as illustrated in FIG. 2A, the active layer 141 of the oxide semiconductor thin film transistor 140 is disposed to
be in direct contact with the interlayer insulation layer 250A of the LTPS thin film transistor 130 formed of silicon nitride
(SiNx).
[0069] In a structure of the organic light emitting display device 200A of Comparative Example as described above,
the active layer 141 of the oxide semiconductor thin film transistor 140 is in direct contact with the interlayer insulation
layer 250A of the LTPS thin film transistor 130 formed of silicon nitride (SiNx). Thus, hydrogen may be diffused from the
interlayer insulation layer 250A of the LTPS thin film transistor 130 into the active layer 141 of the oxide semiconductor
thin film transistor 140 (as indicated by arrows). Particularly, the activation process and the hydrogenation process may
be performed to the active layer 131 of the LTPS thin film transistor 130 after the active layer 141 of the oxide semiconductor
thin film transistor 140 is formed. In this case, a larger amount of hydrogen may be moved from the interlayer insulation
layer 250A of the LTPS thin film transistor 130 into the active layer 141 of the oxide semiconductor thin film transistor
140 due to high temperature applied during the activation process and the hydrogenation process. Thus, reduction may
occur in the active layer 141 of the oxide semiconductor thin film transistor 140 and the threshold voltage Vth of the
oxide semiconductor thin film transistor 140 may be changed.
[0070] Then, referring to FIG. 2B, in an organic light emitting display device 200B of Comparative Example, an interlayer
insulation layer 250B of the LTPS thin film transistor 130 formed of silicon oxide (SiOx) is disposed to cover the gate
electrode 134 of the LTPS thin film transistor 130 and the gate electrode 144 of the oxide semiconductor thin film transistor
140. Also, a gate insulation layer 260B of the oxide semiconductor thin film transistor 140 formed of silicon nitride (SiNx)
is disposed on the interlayer insulation layer 250B of the LTPS thin film transistor 130. That is, in the organic light emitting
display device 200B of Comparative Example as illustrated in FIG. 2B, the material of the interlayer insulation layer 150
of the LTPS thin film transistor 130 and the material of the gate insulation layer 160 of the oxide semiconductor thin film
transistor 140 are reversed with each other as compared with the organic light emitting display device 100 according to
an embodiment of the present disclosure as illustrated in FIG. 1. Therefore, in the organic light emitting display device
200B of Comparative Example as illustrated in FIG. 2B, the active layer 141 of the oxide semiconductor thin film transistor
140 is disposed to be in direct contact with the interlayer insulation layer 250B of the LTPS thin film transistor 130 formed
of silicon nitride (SiNx).
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[0071] In a structure of the organic light emitting display device 200B of the Comparative Example as described above,
the active layer 141 of the oxide semiconductor thin film transistor 140 is in direct contact with the gate insulation layer
260B of the oxide semiconductor thin film transistor 140 formed of silicon nitride (SiNx). Thus, hydrogen may be diffused
from the gate insulation layer 260B of the oxide semiconductor thin film transistor 140 into the active layer 141 of the
oxide semiconductor thin film transistor 140 (as indicated by arrows). Particularly, the activation process and the hydro-
genation process may be performed to the active layer 131 of the LTPS thin film transistor 130 after the active layer 141
of the oxide semiconductor thin film transistor 140 is formed. In this case, a larger amount of hydrogen may be moved
from the gate insulation layer 260B of the oxide semiconductor thin film transistor 140 into the active layer 141 of the
oxide semiconductor thin film transistor 140 due to high temperature applied during the activation process and the
hydrogenation process. Thus, reduction may occur in the active layer 141 of the oxide semiconductor thin film transistor
140 and the threshold voltage Vth of the oxide semiconductor thin film transistor 140 may be changed.
[0072] A distance between the active layer 131 of the LTPS thin film transistor 130 and the gate insulation layer 260B
of the oxide semiconductor thin film transistor 140 formed of silicon nitride (SiNx) is greater than a distance between the
active layer 131 of the LTPS thin film transistor 130 and the interlayer insulation layer 150 formed of silicon nitride (SiNx)
in the organic light emitting display device 100 according to an exemplary embodiment of the present disclosure illustrated
in FIG. 1. Thus, when the hydrogenation process is performed to the active layer 131 of the LTPS thin film transistor
130, the degree of diffusion of hydrogen to the active layer 131 of the LTPS thin film transistor 130 can be reduced.
[0073] FIG. 2C is a cross-sectional view provided to explain an effect of hydrogen diffusion from an interlayer insulation
layer on an oxide semiconductor thin film transistor in an organic light emitting display device including a multi-type thin
film transistor according to an embodiment of the present disclosure. The organic light emitting display device 100
illustrated in FIG. 2C is the same as the organic light emitting display device 100 including a multi-type thin film transistor
illustrated in FIG. 1.
[0074] Referring to FIG. 2C, in the organic light emitting display device 100 according to an exemplary embodiment
of the present disclosure, the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 formed of
silicon oxide (SiOx) is disposed between the interlayer insulation layer 150 of the LTPS thin film transistor 130 formed
of silicon nitride (SiNx) and the active layer 141 of the oxide semiconductor thin film transistor 140. Therefore, it is
possible to suppress diffusion of hydrogen from the interlayer insulation layer 150 of the LTPS thin film transistor 130
into the active layer 141 of the oxide semiconductor thin film transistor 140. Particularly, the activation process and the
hydrogenation process may be performed to the active layer 131 of the LTPS thin film transistor 130 after the active
layer 141 of the oxide semiconductor thin film transistor 140 is formed. Even in this case, diffusion of hydrogen into the
active layer 141 of the oxide semiconductor thin film transistor 140 (as indicated by arrows) can be suppressed. Therefore,
in the organic light emitting display device 100 according to an embodiment of the present disclosure, the interlayer
insulation layer 150 of the LTPS thin film transistor 130 and the gate insulation layer 160 of the oxide semiconductor
thin film transistor 140 having a structure and a lamination relationship different from the conventional organic light
emitting display devices 200A and 200B of Comparative Examples are used. Thus, the amount of hydrogen diffused
into the active layer 141 of the oxide semiconductor thin film transistor 140 can be reduced. Therefore, a change in
threshold voltage (Vth) of the oxide semiconductor thin film transistor 140 can be minimized.
[0075] In FIG. 1 and FIG. 2C, the interlayer insulation layer 150 of the LTPS thin film transistor 130 is defined as a
single layer formed of silicon nitride (SiNx) and the gate insulation layer 160 of the oxide semiconductor thin film transistor
140 is defined as a single layer formed of silicon oxide (SiOx). However, the interlayer insulation layer 150 of the LTPS
thin film transistor 130 may include a lower layer formed of silicon nitride (SiNx) and an upper layer formed of silicon
oxide (SiOx) and the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 may be omitted.
Otherwise, the interlayer insulation layer 150 of the LTPS thin film transistor 130 may be omitted and the gate insulation
layer 160 of the oxide semiconductor thin film transistor 140 may include a lower layer formed of silicon nitride (SiNx)
and an upper layer formed of silicon oxide (SiOx).
[0076] In some exemplary embodiments, the interlayer insulation layer 150 of the LTPS thin film transistor 130 may
be patterned. That is, in order to minimize diffusion of hydrogen from the interlayer insulation layer 150 into the active
layer 141 of the oxide semiconductor thin film transistor 140, the interlayer insulation layer 150 may be patterned to be
overlapped only with the LTPS thin film transistor 130. Therefore, the area of the interlayer insulation layer 150 having
a relatively high hydrogen content is reduced. Thus, exposure of the active layer 141 of the oxide semiconductor thin
film transistor 140 to hydrogen can be minimized.
[0077] Referring to FIG. 1 again, the active layer 141 of the oxide semiconductor thin film transistor 140 is disposed
on the gate insulation layer 160 of the oxide semiconductor thin film transistor 140. The active layer 141 of the oxide
semiconductor thin film transistor 140 is formed of a metal oxide, and may be formed of various metal oxides such as
IGZO. The active layer 141 of the oxide semiconductor thin film transistor 140 may be formed by depositing a metal
oxide on the gate insulation layer 160 of the oxide semiconductor thin film transistor 140, performing a heat treatment
thereto for stabilization, and patterning the metal oxide.
[0078] Referring to FIG. 1, the source electrode 142 and the drain electrode 143 are formed directly on the active layer
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141 of the oxide semiconductor thin film transistor 140. The active layer 141 of the oxide semiconductor thin film transistor
140 is electrically connected to the source electrode 142 and the drain electrode 143 through ohmic contact. Therefore,
the active layer 141 of the oxide semiconductor thin film transistor 140 does not necessarily require a conducting process.
A manufacturing process of the active layer 141 of the oxide semiconductor thin film transistor 140 will be described later.
[0079] Referring to FIG. 1, the source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130
and the source electrode 142 and the drain electrode 143 of the oxide semiconductor thin film transistor 140 are disposed
on the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 on which the active layer 141 of the
oxide semiconductor thin film transistor 140 is disposed. The source electrode 132 and the drain electrode 133 of the
LTPS thin film transistor 130 and the source electrode 142 and the drain electrode 143 of the oxide semiconductor thin
film transistor 140 may be formed of a conductive metal material, and may be formed as a three-layer structure including,
e.g., titanium (Ti)/ aluminum (Al)/ titanium (Ti).
[0080] The source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 are respectively
connected to the source area SA and the drain area DA of the active layer 131 of the LTPS thin film transistor 130
through the contact holes formed in the gate insulation layer 112 of the LTPS thin film transistor 130, the interlayer
insulation layer 150 of the LTPS thin film transistor 130, and the gate insulation layer 160 of the oxide semiconductor
thin film transistor 140. Further, the source electrode 142 and the drain electrode 143 of the oxide semiconductor thin
film transistor 140 are respectively connected to both sides of the active layer 141 of the oxide semiconductor thin film
transistor 140.
[0081] The source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 and the source
electrode 142 and the drain electrode 143 of the oxide semiconductor thin film transistor 140 may be formed at the same
process through the same process. That is, a source/drain material layer is formed on the gate insulation layer 160 of
the oxide semiconductor thin film transistor 140 and the source/drain material layer is patterned to form the source
electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 and the source electrode 142 and the
drain electrode 143 of the oxide semiconductor thin film transistor 140 at the same process. Thus, the source electrode
132 and the drain electrode 133 of the LTPS thin film transistor 130 and the source electrode 142 and the drain electrode
143 of the oxide semiconductor thin film transistor 140 may be formed of the same material to the same thickness. Since
the source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 and the source electrode 142
and the drain electrode 143 of the oxide semiconductor thin film transistor 140 are formed at the same process through
the same process, the processing time can be reduced and the number of masks can be reduced. Thus, the processing
costs can also be reduced.
[0082] Referring to FIG. 1, the passivation layer 170 is disposed on the LTPS thin film transistor 130 and the oxide
semiconductor thin film transistor 140. The passivation layer 170 is an insulation layer configured to protect the LTPS
thin film transistor 130 and the oxide semiconductor thin film transistor 140. Further, the passivation layer 170 may also
function to block hydrogen diffused from above the LTPS thin film transistor 130 and the oxide semiconductor thin film
transistor 140. In the passivation layer 170, a contact hole through which the source electrode 132 of the LTPS thin film
transistor 130 is exposed is formed.
[0083] The passivation layer 170 will be described in more detail with reference to FIG. 3A and FIG. 3B.
[0084] FIG. 3A is a cross-sectional view provided to explain an effect of hydrogen diffused from an encapsulation unit
on an oxide semiconductor thin film transistor in an organic light emitting display device including a multi-type thin film
transistor according to an embodiment of the present disclosure. The organic light emitting display device 100 including
a multi-type thin film transistor illustrated in FIG. 3A is the same as the organic light emitting display device 100 illustrated
in FIG. 1.
[0085] Referring to FIG. 3A, the encapsulation unit 190 is disposed on the passivation layer 170. The encapsulation
unit 190 protects the organic light emitting element 180 vulnerable to moisture so as not to be exposed to moisture. The
encapsulation unit 190 may have a structure in which inorganic layers 191 and 193 and an organic layer 192 are
alternately laminated. The encapsulation unit 190 illustrated in FIG. 3A has a structure in which a first inorganic layer
191, an organic layer 192, and a second inorganic layer 193 are laminated in sequence. In this case, the first inorganic
layer 191 and the second inorganic layer 193 may be formed of an inorganic material such as silicon nitride (SiNx) to
effectively suppress permeation of moisture into the organic light emitting element 180. Herein, the first inorganic layer
191 and the second inorganic layer 193 need to be formed on the organic light emitting element 180, but the organic
light emitting element 180 is very vulnerable to high temperature. Therefore, the first inorganic layer 191 and the second
inorganic layer 193 are formed by a low-temperature process such as low-temperature deposition. The first inorganic
layer 191 and the second inorganic layer 193 formed by a low-temperature process have a higher hydrogen content
than an inorganic layer formed by a high-temperature process. Therefore, after the organic light emitting display device
100 is manufactured, hydrogen can be diffused (as indicated by arrows) from the first inorganic layer 191 and the second
inorganic layer 193 of the encapsulation unit 190 as illustrated in FIG. 3A. Then, the diffused hydrogen can reach the
active layer 141 of the oxide semiconductor thin film transistor 140. If hydrogen is diffused into the active layer 141 of
the oxide semiconductor thin film transistor 140 as such, reduction may occur in the active layer 141 of the oxide
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semiconductor thin film transistor 140 and the threshold voltage Vth of the oxide semiconductor thin film transistor 140
may be changed. Thus, in the organic light emitting display device 100 according to an embodiment of the present
disclosure, the passivation layer 170 is formed to have a specific lamination structure. The passivation layer 170 will be
described in more detail with reference to FIG. 3B.
[0086] FIG. 3B is an enlarged view of an area A of FIG. 3A.
[0087] Referring to FIG. 3B, the passivation layer 170 has a multi-layer structure including a first passivation layer 171
and a second passivation layer 172. Specifically, the first passivation layer 171 is disposed to cover the active layer 141
of the oxide semiconductor thin film transistor 140, the source electrode 132 and the drain electrode 133 of the LTPS
thin film transistor 130, and the gate insulation layer 160 of the oxide semiconductor thin film transistor 140. Further, the
second passivation layer 172 is disposed on the first passivation layer 171. Meanwhile, the first passivation layer 171
may be formed of silicon oxide (SiOx) and the second passivation layer 172 may be formed of silicon nitride (SiNx). The
passivation layer 170 protects the oxide semiconductor thin film transistor 140 and the LTPS thin film transistor 130
against moisture or hydrogen permeating from above the passivation layer 170.
[0088] A typically used passivation layer is formed as a single layer of silicon nitride (SiNx). Meanwhile, the passivation
layer 170 is disposed in direct contact with the active layer 141 of the oxide semiconductor thin film transistor 140.
Therefore, hydrogen contained in silicon nitride (SiNx) may be diffused into the active layer 141 of the oxide semiconductor
thin film transistor 140. Thus, in the organic light emitting display device 100 according to an embodiment of the present
disclosure, the first passivation layer 171 formed of silicon oxide (SiOx) is disposed in contact with the active layer 141
of the oxide semiconductor thin film transistor 140. Also, the second passivation layer 172 formed of silicon nitride (SiNx)
is disposed on the first passivation layer 171. Thus, it is possible to effectively suppress hydrogen diffused from above
the passivation layer 170.
[0089] The following Table 1 is provided to explain an effect of suppressing hydrogen diffusion by a passivation layer
according to Comparative Example and the passivation layer 170 of the organic light emitting display device 100 according
to an exemplary embodiment of the present disclosure.

[0090] Comparative Example shows that the passivation layer is a single layer, and Examples 1 and 2 show that the
passivation layer is a double layer. Further, in the Comparative Example, the passivation layer is formed of silicon oxide
(SiOx) having a thickness of 2000 Å. In Examples 1 and 2, the first passivation layer 171 is formed of silicon oxide (SiOx)
having a thickness of 1000 Å and the second passivation layer 172 is formed of silicon nitride (SiNx) having a thickness
of 1000 Å. Meanwhile, in Example 1, when the second passivation layer 172 was deposited, a silane (SiH4) gas was
not injected as an injection source into the chamber. In Example 2, when the second passivation layer 172 was deposited,
a silane (SiH4) gas and an ammonia (NH3) gas were injected as an injection source into the chamber and a ratio of
SiH4:NH3 was controlled to 1:6.5. Further, the silicon oxide (SiOx) layer and the silicon nitride (SiNx) layer are formed
by PECVD. In all of Comparative Example and Examples 1 and 2, the oxide semiconductor thin film transistor 140 was
disposed under the passivation layer 170. Further, the oxide semiconductor thin film transistor 140 was manufactured
such that a channel area has a width of 6 mm and a length of 6 mm As described above, after the passivation layer 170
was formed on the oxide semiconductor thin film transistor 140, a hydrogen plasma process was performed to provide
the same effect as diffusion of moisture from the encapsulation unit 190. The hydrogen plasma process was performed
under the processing conditions of 5 kW, 3000 sccm, and 60 sec. Before and after the hydrogen plasma process, the
threshold voltage Vth of the oxide semiconductor thin film transistor 140 was measured from the samples of Comparative
Example and Examples 1 and 2. Further, an average value of the threshold voltages Vth before the hydrogen plasma
process and an average value of the threshold voltages Vth after the hydrogen plasma process are shown. Also, a
variation between the average values was also shown. In this case, the samples are 20 oxide semiconductor thin film
transistors formed on a single mother substrate.
[0091] Referring to Table 1, it was confirmed that in Comparative Example, the threshold voltage (Vth) variation before
and after the hydrogen plasma process was as high as Δ 9.57 V. In Comparative Example, only a single layer formed
of silicon oxide (SiOx) was used as the passivation layer 170 to suppress hydrogen diffused from the encapsulation unit
190. However, it can be seen from Table 1 that if only the single layer formed of silicon oxide (SiOx) constitutes the
passivation layer 170, the threshold voltage Vth of the oxide semiconductor thin film transistor 140 is greatly changed

[Table 1]

Comparative Example Example 1 Example 2

Hydrogen plasma process Before After Before After Before After

Vth average 0.27 V -9.30 V 0.08 V -4.63 V 0.53 V 0.46 V

Vth variation Δ  9.57V Δ  4.71V Δ  0.07V
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after the hydrogen plasma process.
[0092] In Example 1, the passivation layer 170 includes the first passivation layer 171 formed of silicon oxide (SiOx)
and the second passivation layer 172 disposed on the first passivation layer 171 and formed of silicon nitride (SiNx) to
solve the above-described problem. Further, in order to minimize diffusion of hydrogen from the second passivation
layer 172 formed of silicon nitride (SiNx), when the second passivation layer 172 was deposited, only a silane (SiH4)
gas and a nitrogen (N2) gas were used as an injection source but an ammonia (NH3) gas was not used. The injection
source refers to a material to be injected into a chamber of a PECVD system, and a thin film is formed by a reaction
between gases decomposed by plasma. Referring to Table 1 in regard to Example 1, it can be seen that the threshold
voltage (Vth) variation was greatly decreased to Δ 4.71 V as compared with Comparative Example. Thus, it can be seen
that the passivation layer 170 of the organic light emitting display device 100 according to an embodiment of the present
disclosure can effectively suppress hydrogen diffused from the encapsulation unit 190.
[0093] A structure or materials used in Example 2 were the same as those used in Example 1 except that when the
second passivation layer 172 was deposited, a silane (SiH4) gas, a nitrogen (N2) gas, and an ammonia (NH3) gas were
used as an injection source and a flow rate ratio of the silane (SiH4) gas to the ammonia (NH3) gas was 1:6.5. Referring
to Table 1 in regard to Example 2, it can be seen that the threshold voltage (Vth) variation was greatly decreased to Δ
0.07 V as compared with Comparative Example. Thus, it can be seen that the passivation layer 170 of the organic light
emitting display device 100 according to an embodiment of the present disclosure can effectively suppress hydrogen
diffused from the encapsulation unit 190.
[0094] Also, in Example 1 where an ammonia (NH3) gas is not used as the injection source, the second passivation
layer 172 formed of silicon nitride (SiNx) has a columnar crystal shape, so that a film density of the second passivation
layer 172 is decreased. In Example 2 where a silane (SiH4) gas and an ammonia (NH3) gas are used as the injection
source, a film density of the second passivation layer 172 is increased.
[0095] The second passivation layer 172 in Example 2 has a high film density and is excellent in blocking hydrogen
as compared with the second passivation layer 172 in Example 1. Referring to Table 1, the threshold voltage (Vth)
variation of the oxide semiconductor thin film transistor 140 is lower in Example 2 than in Example 1. Thus, the method
of using a silane (SiH4) gas and an ammonia (NH3) gas as the injection source when the second passivation layer 172
is deposited is more effective in terms of the reliability of the oxide semiconductor thin film transistor 140. Preferably, a
ratio of the silane (SiH4) gas to the ammonia (NH3) gas may be 1:4.5 or more. If the ratio of the silane (SiH4) gas to the
ammonia (NH3) gas is less than 1:4.5, the threshold voltage Vth of the oxide semiconductor thin film transistor 140 may
be changed. The unit of the flow rate of the silane (SiH4) gas to the ammonia (NH3) gas used as the injection source is
sccm (Standard Cubic Centimeter per Minute; cm3/min) which refers to the amount of 1 cc gas flowing per minute.
[0096] Referring to FIG. 1 again, the storage capacitor 120 is disposed on the substrate 110. The storage capacitor
120 includes a first electrode 121 disposed on the buffer layer 111 and a second electrode 122 formed on the gate
insulation layer 112 of the LTPS thin film transistor 130. The first electrode 121 of the storage capacitor 120 may be
formed of the same material at the same process as the active layer 131 of the LTPS thin film transistor 130. Thus, the
first electrode 121 may be disposed on a same layer as the active layer 131. A conducting process may be applied to
the first electrode 121 so as to function as an electrode of the storage capacitor 120. Further, the second electrode 122
of the storage capacitor 120 may be formed of the same material at the same process as the gate electrode 134 of the
LTPS thin film transistor 130. Thus, the second electrode 122 may be disposed on a same layer as the gate electrode
134. Therefore, the storage capacitor 120 can be formed during a manufacturing process of the LTPS thin film transistor
130 without any additional processes, which is efficient in terms of the processing costs and the processing time. In
order to increase a capacitance of the storage capacitor 120, a third electrode of the storage capacitor 120 may be
further formed on the gate insulation layer 160 of the oxide semiconductor thin film transistor 140. The third electrode
may be formed of the same material through the same process as the active layer 141 of the oxide semiconductor thin
film transistor 140. Thus, the third electrode may be disposed on a same layer as the active layer 141. Otherwise, the
third electrode may be formed of the same material through the same process as the source electrode 132 and the drain
electrode 133 of the LTPS thin film transistor 130 or the source electrode 142 and the drain electrode 143 of the oxide
semiconductor thin film transistor 140.
[0097] Referring to FIG. 1, the overcoating layer 113 is disposed on the passivation layer 170. The overcoating layer
113 is an insulation layer configured to flatten upper parts of the oxide semiconductor thin film transistor 140 and the
LTPS thin film transistor 130 and may be formed of an organic material. FIG. 1 illustrates that all of upper parts of various
insulation layers under the overcoating layer 113 are flattened, for convenience in explanation. However, actually, there
may be steps caused by the components of the oxide semiconductor thin film transistor 140 and the LTPS thin film
transistor 130 or foreign materials. Thus, by flattening the upper parts of the oxide semiconductor thin film transistor 140
and the LTPS thin film transistor 130 or minimizing steps on a surface on which the organic light emitting element 180
is disposed, the organic light emitting element 180 can be formed with more reliability. Further, the overcoating layer
113 may reduce a capacitance between the source electrode 132 of the LTPS thin film transistor 130 and an anode
181. In the overcoating layer 113, the contact hole through which the source electrode 132 of the LTPS thin film transistor
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130 is exposed and connected to the anode 181 is formed.
[0098] Referring to FIG. 1, the organic light emitting element 180 is disposed on the overcoating layer 113. The organic
light emitting element 180 includes the anode 181 formed on the overcoating layer 113 and electrically connected to the
source electrode 132 of the LTPS thin film transistor 130, an organic layer 182 disposed on the anode 181, and a cathode
183 formed on the organic layer 182. Further, the anode 181 may include a reflective layer configured to reflect a light
emitted from the organic layer 182 toward the encapsulation unit 190 and a transparent conductive layer configured to
supply holes to the organic layer 182. The organic layer 182 is configured to emit a light of a specific color and may
include one of a red organic emission layer, a green organic emission layer, a blue organic emission layer, and a white
organic emission layer. If the organic layer 182 includes the white organic emission layer, a color filter configured to
convert a white light from the white organic emission layer into a light of a different color may be disposed on the organic
light emitting element 180. Further, the organic layer 182 may further include various organic layers, such as a hole
transport layer, a hole injection layer, an electron injection layer, an electron transport layer, etc., in addition to the organic
emission layer.
[0099] Referring to FIG. 1, a bank 114 is disposed on the overcoating layer 113 so as to cover both ends of the anode
181. The bank 114 defines a pixel area by separating adjacent pixel areas in a display area.
[0100] FIG. 4A is a cross-sectional view provided to explain an organic light emitting display device including a multi-
type thin film transistor according to another embodiment of the present disclosure. FIG. 4B is an enlarged view of an
area A of FIG. 4A. An organic light emitting display device 400 illustrated in FIG. 4A and FIG. 4B is substantially the
same as the organic light emitting display device 100 illustrated in FIG. 1 except that a gate insulation layer 460 of the
oxide semiconductor thin film transistor 140 and a passivation layer 470 are modified. Therefore, redundant description
thereof will be omitted.
[0101] Referring to FIG. 4A and FIG. 4B, the gate insulation layer 460 of the oxide semiconductor thin film transistor
140 includes a first gate insulation layer 461 and a second gate insulation layer 462 on the first gate insulation layer
461. Since the second gate insulation layer 462 is disposed on the first gate insulation layer 461, the second gate
insulation layer 462 is in contact with the active layer 141 of the oxide semiconductor thin film transistor 140. In this case,
the first gate insulation layer 461 and the second gate insulation layer 462 may be formed of silicon oxide (SiOx), and
the second gate insulation layer 462 may have a lower hydrogen content than the first gate insulation layer 461. Thus,
a portion of the gate insulation layer 460 contacting the oxide semiconductor active layer 141 (e.g., portion corresponding
to the second gate insulation layer 462) may have a lower hydrogen content than a portion of the gate insulation layer
460 spaced apart from the active layer 141 (e.g., corresponding to the first gate insulation layer 461).
[0102] The amount of an injection source used for depositing the first gate insulation layer 461 and the second gate
insulation layer 462 may be adjusted to form the first gate insulation layer 461 and the second gate insulation layer 462
different from each other in hydrogen content as described above. For example, the amount of a silane (SiH4) gas may
be adjusted. That is, the amount of a silane (SiH4) gas used for depositing the second gate insulation layer 462 may be
adjusted to be smaller than the amount of a silane (SiH4) gas used for depositing the first gate insulation layer 461.
Then, a deposition process of the second gate insulation layer 462 is performed through as low-hydrogen process. The
amount of a silane (SiH4) gas in the deposition process of the second gate insulation layer 462 is set to be smaller than
the amount of a silane (SiH4) gas in a deposition process of the first gate insulation layer 461. Thus, the deposition
process of the second gate insulation layer 462 requires a longer time than the deposition process of the first gate
insulation layer 461. Therefore, in the deposition process of the second gate insulation layer 462, atoms are deposited
more densely, so that the second gate insulation layer 462 has a higher film density than the first gate insulation layer
461. Thus, a portion of the gate insulation layer 460 contacting the active layer 141 (e.g., corresponding to the second
gate insulation layer 462) may have a higher film density than a portion of the gate insulation layer 460 spaced apart
from the active layer 141 (e.g., corresponding to the first gate insulation layer 461). Accordingly, even if the first gate
insulation layer 461 and the second gate insulation layer 462 are formed of the same material, the second gate insulation
layer 462 has a higher film density than the first gate insulation layer 461. Thus, it is possible to more efficiently suppress
diffusion of hydrogen into the active layer 141 of the oxide semiconductor thin film transistor 140 from under the oxide
semiconductor thin film transistor 140. Further, if the amount of a silane (SiH4) gas used for depositing the second gate
insulation layer 462 is adjusted in order for the second gate insulation layer 462 to have a lower hydrogen content than
the first gate insulation layer 461, the degree of exposure of the active layer 141 of the oxide semiconductor thin film
transistor 140 to hydrogen can be further reduced. Therefore, reduction of the active layer 141 of the oxide semiconductor
thin film transistor 140 and a change in threshold voltage Vth of the oxide semiconductor thin film transistor 140 can be
minimized. Further, a bias temperature stress (BTS) of the oxide semiconductor thin film transistor 140 can also be
improved.
[0103] Meanwhile, electrons may be trapped in an interface between the gate insulation layer 460 of the oxide sem-
iconductor thin film transistor 140 and the active layer 141 of the oxide semiconductor thin film transistor 140. In order
to solve such an electron trap, a layer having a high film density may be disposed under the active layer 141 of the oxide
semiconductor thin film transistor 140. Therefore, the second gate insulation layer 462 having a higher film density than
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the first gate insulation layer 461 may be disposed under the active layer 141 of the oxide semiconductor thin film
transistor 140 to suppress the above-described electron trap. Meanwhile, the threshold voltage Vth of the oxide semi-
conductor thin film transistor 140 can be controlled by modifying the composition of the first gate insulation layer 461.
Therefore, the gate insulation layer 460 may be formed as a multi-layer structure as described above.
[0104] The passivation layer 470 may include a third passivation layer 473, a first passivation layer 171 on the third
passivation layer 473, and the second passivation layer 172 on the first passivation layer 171. Since the third passivation
layer 473 is disposed under the first passivation layer 171, the third passivation layer 473 is in contact with the active
layer 141 of the oxide semiconductor thin film transistor 140. In this case, the third passivation layer 473 and the first
passivation layer 171 may be formed of silicon oxide (SiOx), and the third passivation layer 473 may have a lower
hydrogen content than the first passivation layer 171. Thus, a portion of the passivation layer 470 contacting the oxide
semiconductor active layer 141 (e.g., portion corresponding to the third passivation layer 473) may have a lower hydrogen
content than a portion of the passivation layer 470 spaced apart from the active layer 141 (e.g., corresponding to the
first passivation layer 171).
[0105] The amount of an injection source used for depositing the first passivation layer 171 and the third passivation
layer 473 may be adjusted to form the first passivation layer 171 and the third passivation layer 473 different from each
other in hydrogen content as described above. For example, the amount of a silane (SiH4) gas may be adjusted. That
is, the amount of a silane (SiH4) gas used for depositing the third passivation layer 473 may be adjusted to be smaller
than the amount of a silane (SiH4) gas used for depositing the first passivation layer 171. Then, a deposition process of
the third passivation layer 473 is performed through as low-hydrogen process. The amount of a silane (SiH4) gas in the
deposition process of the third passivation layer 473 is set to be smaller than the amount of a silane (SiH4) gas in a
deposition process of the first passivation layer 171. Thus, the deposition process of the third passivation layer 473
requires a longer time than the deposition process of the first passivation layer 171. Therefore, in the deposition process
of the third passivation layer 473, atoms are deposited more densely, so that the third passivation layer 473 has a higher
film density than the first passivation layer 171. Accordingly, even if the first passivation layer 171 and the third passivation
layer 473 are formed of the same material, the third passivation layer 473 has a higher film density than the first passivation
layer 171. Thus, a portion of the passivation layer 470 contacting the oxide semiconductor active layer 141 (e.g., portion
corresponding to the third passivation layer 473) may have a lower hydrogen content than a portion of the passivation
layer 470 spaced apart from the active layer 141 (e.g., corresponding to the first passivation layer 171). Thus, it is
possible to further suppress diffusion of hydrogen into the active layer 141 of the oxide semiconductor thin film transistor
140 from above the oxide semiconductor thin film transistor 140. Further, the third passivation layer 473 has a lower
hydrogen content than the first passivation layer 171. Thus, when the third passivation layer 473 is disposed under the
first passivation layer 171, exposure of the active layer 141 of the oxide semiconductor thin film transistor 140 to hydrogen
can be minimized. Therefore, reduction of the active layer 141 of the oxide semiconductor thin film transistor 140 and
a change in threshold voltage Vth of the oxide semiconductor thin film transistor 140 can be suppressed. Further, the
bias temperature stress (BTS) of the oxide semiconductor thin film transistor 140 can also be improved.
[0106] FIG. 5 is a cross-sectional view provided to explain an organic light emitting display device including a multi-
type thin film transistor according to yet another embodiment of the present disclosure. An organic light emitting display
device 500 illustrated in FIG. 5 is substantially the same as the organic light emitting display device 100 illustrated in
FIG. 1 except that an intermediate electrode 519 is added, a storage capacitor 520 is modified, and an overcoating layer
includes two layers 513 and 515. Therefore, redundant description thereof will be omitted.
[0107] Referring to FIG. 5, in the organic light emitting display device 500 according to yet another embodiment of the
present disclosure, additional metal layers 523, 524, and 519 are added, so that a capacitance of the storage capacitor
520 can be increased and a line resistance can be reduced. Also, the width of a non-display area (bezel area) can be
reduced.
[0108] The storage capacitor 520 includes the first electrode 121, the second electrode 122, a third electrode 523,
and a fourth electrode 524 laminated in sequence. The first electrode 121 of the storage capacitor 520 may be formed
of the same material at the same process as the active layer 131 of the LTPS thin film transistor 130. The second
electrode 122 of the storage capacitor 520 may be formed of the same material at the same process as the gate electrode
144 of the oxide semiconductor thin film transistor 140 and the gate electrode 134 of the LTPS thin film transistor 130.
Also, the third electrode 523 of the storage capacitor 520 may be formed of the same material at the same process as
the source electrode 142 and the drain electrode 143 of the oxide semiconductor thin film transistor 140 and the source
electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130. The fourth electrode 524 of the storage
capacitor 520 may be formed on a first overcoating layer 513 using an additional metal material. The first overcoating
layer 513 may be formed of the same material as the overcoating layer 113 illustrated in FIG. 1 and may reduce a
parasitic capacitance formed between the source electrode 132 of the LTPS thin film transistor 130 and the intermediate
electrode 519. Further, in the storage capacitor 520, a capacitor using the first electrode 121 and the second electrode
122 as both terminals, a capacitor using the second electrode 122 and the third electrode 523 as both terminals, and a
capacitor using the third electrode 523 and the fourth electrode 524 as both terminals may be connected in parallel with
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each other. Therefore, a capacitance of the storage capacitor 520 can be increased.
[0109] Then, the intermediate electrode 519 is disposed on the first overcoating layer 513. The intermediate electrode
519 is connected to the source electrode 132 of the LTPS thin film transistor 130 through a contact hole in the passivation
layer 170 and the first overcoating layer 513. A second overcoating layer 515 configured to flatten upper parts of the
intermediate electrode 519 and the fourth electrode 524 of the storage capacitor 520 is disposed on the intermediate
electrode 519 and the fourth electrode 524 of the storage capacitor 520. The second overcoating layer 515 may perform
the same function as the overcoating layer 113 illustrated in FIG. 1. The intermediate electrode 519 may be formed of
the same additional metal material as the fourth electrode 524 of the storage capacitor 520. In the organic light emitting
display device 500 according to yet another embodiment of the present disclosure, a line resistance in a display area
where a plurality of pixels is disposed can be reduced using the additional metal material. That is, lines configured to
transfer the same signal may be formed as a multi-layer structure using the additional metal material. Therefore, the
lines can be connected in parallel, so that the line resistance can be reduced.
[0110] Likewise, a line resistance of various lines disposed in a non-display area can also be reduced. The lines
disposed in the non-display area are formed of the same material as various electrodes and lines disposed in the display
area. Thus, the various lines disposed in the non-display area are limited in design, and there is a limit to reduction in
line resistance of the lines. However, in the organic light emitting display device 500 according to yet another embodiment
of the present disclosure, the additional metal material additionally used in the display area is also disposed in the non-
display area. Thus, the various lines disposed in the non-display area may be formed as a multi-layer structure configured
to transfer the same signal through a plurality of layers. Therefore, the line resistance can be reduced. Further, in the
organic light emitting display device 500 according to yet another embodiment of the present disclosure, the additional
metal material additionally used in the display area is also disposed in the non-display area. Thus, lines configured to
transfer different signals may be disposed to be overlapped with each other. Therefore, the width of the non-display
area can be reduced, so that the organic light emitting display device 500 with an improved narrow bezel can be provided.
[0111] In some embodiments, an additional passivation layer configured to protect the intermediate electrode 519 and
the fourth electrode 524 of the storage capacitor 520 may be disposed on the first overcoating layer 513 so as to cover
the intermediate electrode 519 and the fourth electrode 524 of the storage capacitor 520. In the organic light emitting
display device 500 illustrated in FIG. 5, the two overcoating layers 513 and 515 are disposed continuously on the
passivation layer 170. However, in some embodiments, a second passivation layer may be disposed instead of the first
overcoating layer 513 illustrated in FIG. 5, so that two passivation layers may be disposed continuously.
[0112] FIG. 6A is a cross-sectional view provided to explain an effect of a substrate and a buffer layer in an organic
light emitting display device including a multi-type thin film transistor according to an embodiment of the present disclosure.
The organic light emitting display device 100 illustrated in FIG. 6A is substantially the same as the organic light emitting
display device 100 illustrated in FIG. 1. Therefore, redundant description thereof will be omitted.
[0113] As described above, the substrate 110 of the organic light emitting display device 100 may be formed of a
plastic material such as polyimide (PI). The buffer layer 111 containing silicon nitride (SiNx) may be disposed on the
substrate 110. Therefore, hydrogen or moisture from the substrate 110 or the buffer layer 111 may move upwards and
affect the active layer 131 of the LTPS thin film transistor 130 and the active layer 141 of the oxide semiconductor thin
film transistor 140.
[0114] Further, if the substrate 110 is formed of a plastic material, a supporting substrate for supporting the substrate
110 during the manufacturing process is bonded to a lower side of the substrate 110. In this case, a sacrificial layer is
disposed between the substrate 110 and the supporting substrate. After the manufacturing process is completed, the
substrate 110 and the supporting substrate may be separated through a laser release process. The active layer 131 of
the LTPS thin film transistor 130 and the active layer 141 of the oxide semiconductor thin film transistor 140 formed on
the substrate 110 may be damaged by a laser irradiated during the laser release process.
[0115] Further, due to a current drop caused by the substrate 110 and the sacrificial layer, the threshold voltage Vth
of the LTPS thin film transistor 130 and the oxide semiconductor thin film transistor 140 may be changed. Specifically,
a negative charge trap occurs in the sacrificial layer due to the laser and a light incident from the outside, and positive
charges from the plastic material, e.g., polyimide (PI), in the substrate 110 move toward the sacrificial layer. Therefore,
a potential on a surface of the substrate 110 is increased and the threshold voltage Vth of the LTPS thin film transistor
130 and the oxide semiconductor thin film transistor 140 may be shifted in a positive direction. Such a shift of the threshold
voltage Vth decreases the reliability of the organic light emitting display device 100.
[0116] Referring to FIG. 6A, in the oxide semiconductor thin film transistor 140, the gate electrode 144 is disposed
under the active layer 141. Therefore, the gate electrode 144 can block hydrogen or moisture described above and also
block the laser irradiated during the laser release process. Further, a shift of the threshold voltage Vth of the oxide
semiconductor thin film transistor which may occur when the potential on the surface of the substrate 110 is increased
can also be suppressed. However, the active layer 131 of the LTPS thin film transistor 130 illustrated in FIG. 6A is
exposed to all of the above-described dangers. Thus, the organic light emitting display device 100 according to various
embodiments of the present disclosure may further include a bottom shield metal (BSM).
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[0117] FIG. 6B and FIG. 6C are cross-sectional views of organic light emitting display devices each including a multi-
type thin film transistor according to various embodiments of the present disclosure. An organic light emitting display
device 600B illustrated in FIG. 6B is substantially the same as the organic light emitting display device 100 illustrated
in FIG. 1 except that a BSM 617 and an active buffer 618 are further provided. Therefore, redundant description thereof
will be omitted. An organic light emitting display device 600C illustrated in FIG. 6C is substantially the same as the
organic light emitting display device 100 illustrated in FIG. 1 except that the BSM 617 and the active buffer 618 are
further provided and the source electrode 132 of the LTPS thin film transistor 130 is connected to the BSM 617. Therefore,
redundant description thereof will be omitted.
[0118] Referring to FIG. 6B, the BSM 617 is disposed on the buffer layer 111. The BSM 617 may be disposed on the
buffer layer 111 so as to be overlapped with the active layer 131 of the LTPS thin film transistor 130. In a cross-sectional
view, the BSM 617 may have a greater width than the active layer 131 of the LTPS thin film transistor 130. The BSM
617 may be formed of various metal materials. In the organic light emitting display device 600B illustrated in FIG. 6B,
the BSM 617 may be floated, so that a voltage may not be applied to the BSM 617.
[0119] The active buffer 618 configured to insulate the BSM 617 from the active layer 131 of the LTPS thin film transistor
130 is disposed on the BSM 617. The active buffer 618 may be formed of the same material as the buffer layer 111. For
example, the active buffer 618 may be formed as a single layer of silicon nitride (SiNx) or silicon oxide (SiOx) or a multi-
layer including silicon nitride (SiNx) and silicon oxide (SiOx) laminated alternately.
[0120] Referring to FIG. 6C, the BSM 617 is disposed on the buffer layer 111 and the active buffer 618 is disposed
on the BSM 617. Further, a source electrode 632 of an LTPS thin film transistor 630 is connected to the BSM 617 through
a contact hole. Therefore, the same voltage is applied to the BSM 617 and the source electrode 632 of the LTPS thin
film transistor 630. FIG. 6C illustrates that the BSM 617 is connected to the source electrode 632 of the LTPS thin film
transistor 630. However, the BSM 617 may be connected to the gate electrode 134 of the LTPS thin film transistor 630
or the drain electrode 133 of the LTPS thin film transistor 630. Accordingly, the same voltage may be applied to the BSM
617 and the gate electrode 134 of the LTPS thin film transistor 630 or to the BSM 617 and the drain electrode 133 of
the LTPS thin film transistor 630. Otherwise, a desired constant voltage may be applied to the BSM 617 through a
separate line for applying a constant voltage.
[0121] In the organic light emitting display devices 600B and 600C according to various embodiments of the present
disclosure, the BSM 617 floated as illustrated in FIG. 6B may be used or the BSM 617 configured to be applied with a
specific voltage as illustrated in FIG. 6C may be further included. Thus, the laser irradiated during the laser release
process and hydrogen or moisture can be blocked by the BSM 617. Also, a shift of the threshold voltage Vth of the LTPS
thin film transistor 130 which may occur when the potential on the surface of the substrate 110 is increased can also be
suppressed by the BSM 617.
[0122] FIG. 7 is a schematic flowchart of a method of manufacturing an organic light emitting display device including
a multi-type thin film transistor according to an embodiment of the present disclosure. FIG. 8A through FIG. 8I are process
cross-sectional views of a method of manufacturing an organic light emitting display device including a multi-type thin
film transistor according to an embodiment of the present disclosure. FIG. 7 and FIG. 8A through FIG. 8I are a flowchart
and process cross-sectional view of a method of manufacturing the organic light emitting display device 100 illustrated
in FIG. 1. Therefore, redundant description thereof will be omitted.
[0123] Firstly, the buffer layer 111 is formed on the substrate 110 (S1000).
[0124] Referring to FIG. 8A, the buffer layer 111 is deposited on the surface of the substrate 110. Specifically, the
buffer layer 111 may be formed as a single layer by depositing any one of silicon nitride (SiNx) or silicon oxide (SiOx)
or as a multi-layer by alternately laminating silicon nitride (SiNx) and silicon oxide (SiOx). Otherwise, the buffer layer
111 may be formed as a multi-layer by selecting any one of silicon nitride (SiNx) or silicon oxide (SiOx) with different
properties such as a density or the like.
[0125] Then, the active layer 131 of the LTPS thin film transistor 130 and the first electrode 121 of the storage capacitor
120 are formed on the buffer layer 111 (S1010).
[0126] Referring to FIG. 7 and FIG. 8A, an amorphous silicon (a-Si) layer 891 is formed on a surface of the buffer
layer 111 by depositing an a-Si material thereon (S1011) and a dehydrogenation process (S1012) is performed to the
a-Si layer 891. If a large amount of hydrogen is present in the a-Si layer 891, hydrogen in the a-Si layer 891 may explode
during a crystallization process (S1013) as a subsequent process, which may cause a defect. Thus, the dehydrogenation
process which is a process for removing hydrogen from the a-Si layer 891 is performed after the a-Si layer 891 is formed
and before the crystallization process (S1013) is performed.
[0127] Then, after the dehydrogenation process (S1012) is completed, the crystallization process (S1013) is performed
to the a-Si layer 891. The crystallization process is a process for crystallizing amorphous silicon (a-Si) in the a-Si layer
891 into poly-silicon. For example, the crystallization process may be performed through excimer laser annealing (ELA).
[0128] Then, referring to FIG. 7 and FIG. 8B, the crystallized a-Si layer 891 is patterned to form the active layer 131
of the LTPS thin film transistor 130 and the first electrode 121 of the storage capacitor 120 (S1014).
[0129] Then, the gate insulation layer 112 of the LTPS thin film transistor 130 is formed (S1020), and the gate electrode
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134 of the LTPS thin film transistor 130, the gate electrode 144 of the oxide semiconductor thin film transistor 140, and
the second electrode 122 of the storage capacitor 120 are formed(S1030).
[0130] Referring to FIG. 8C, the gate insulation layer 112 of the LTPS thin film transistor 130 is formed on the active
layer 131 of the LTPS thin film transistor 130 and the first electrode 121 of the storage capacitor 120. Specifically, the
gate insulation layer 112 of the LTPS thin film transistor 130 may be formed as a single layer by depositing any one of
silicon nitride (SiNx) or silicon oxide (SiOx) or as a multi-layer by alternately laminating silicon nitride (SiNx) and silicon
oxide (SiOx). Otherwise, the gate insulation layer 112 may be formed as a multi-layer by selecting any one of silicon
nitride (SiNx) or silicon oxide (SiOx) with different properties such as a density or the like.
[0131] Then, a gate electrode material is deposited on the gate insulation layer 112 of the LTPS thin film transistor
130 and then patterned to form the gate electrode 134 of the LTPS thin film transistor 130, the gate electrode 144 of the
oxide semiconductor thin film transistor 140, and the second electrode 122 of the storage capacitor 120. The gate
electrode material may include various metal materials such as molybdenum (Mo).
[0132] Then, a doping process is performed to the active layer 131 of the LTPS thin film transistor 130 using the gate
electrode 134 of the LTPS thin film transistor 130 as a mask (S1040).
[0133] Referring to FIG. 8D, impurities are injected to the active layer 131 of the LTPS thin film transistor 130 disposed
under the gate electrode 134 of the LTPS thin film transistor 130 using the gate electrode 134 of the LTPS thin film
transistor 130 as a mask. Thus, the source area SA and the drain area DA, i.e., a doping area, of the LTPS thin film
transistor 130 may be defined. The doping area may be defined in various ways depending on a P-MOS thin film transistor,
an N-MOS thin film transistor, or a C-MOS thin film transistor. For example, in case of the N-MOS thin film transistor, a
high-density doping area may be formed first and then, a low-density doping area may be formed. Specifically, the high-
density doping area may be defined using a photoresist having a greater size than the gate electrode 134 of the LTPS
thin film transistor 130. Then, the photoresist may be removed and the low-density doping area (LDD) may be defined
using the gate electrode 134 of the LTPS thin film transistor 130 as a mask.
[0134] In some embodiments, the doping area including the source area SA and the drain area DA may be defined
before the gate insulation layer 112 of the LTPS thin film transistor 130 is formed. That is, right after the active layer 131
of the LTPS thin film transistor 130 and the first electrode 121 of the storage capacitor 120 are formed, the impurities
may also be doped using the photoresist. In this case, the first electrode 121 of the storage capacitor 120 may be doped
with the impurities.
[0135] Then, the interlayer insulation layer 150 of the LTPS thin film transistor 130 is formed on the gate electrode
134 of the LTPS thin film transistor 130, the gate electrode 144 of the oxide semiconductor thin film transistor 140, and
the second electrode 122 of the storage capacitor 120 (S1050).
[0136] Referring to FIG. 8E, the interlayer insulation layer 150 of the LTPS thin film transistor 130 may be formed on
the gate electrode 134 of the LTPS thin film transistor 130, the gate electrode 144 of the oxide semiconductor thin film
transistor 140, and the second electrode 122 of the storage capacitor 120 by depositing silicon nitride (SiNx) thereon.
The interlayer insulation layer 150 of the LTPS thin film transistor 130 may be formed of an inorganic film having a high
hydrogen content to supply hydrogen to the active layer 131 of the LTPS thin film transistor 130 during a subsequent
hydrogenation process of the active layer 131 of the LTPS thin film transistor 130.
[0137] Then, an activation process is performed to the active layer 131 of the LTPS thin film transistor 130 (S1060),
and a hydrogenation process is performed to the active layer 131 of the LTPS thin film transistor 130 (S1070).
[0138] As illustrated in FIG. 8E, after the interlayer insulation layer 150 is formed of silicon nitride (SiNx), the activation
process is performed to the active layer 131 of the LTPS thin film transistor 130 before the gate insulation layer 160 of
the oxide semiconductor thin film transistor 140 is formed. After the activation process is performed, the hydrogenation
process is performed to the active layer 131 of the LTPS thin film transistor 130. The hydrogenation process may be
performed before and after the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is formed.
[0139] Regarding the activation process to the active layer 131 of the LTPS thin film transistor 130, impurities (dopant)
injected as a result of the doping process to the active layer 131 of the LTPS thin film transistor 130 are randomly present.
Thus, the activation process to the active layer 131 of the LTPS thin film transistor 130 is a process for positioning the
impurities in a silicon (Si) lattice. Further, the doping process to the active layer 131 of the LTPS thin film transistor 130
is a process of artificially injecting the impurities into the active layer. Therefore, as a result of the doping process to the
active layer 131 of the LTPS thin film transistor 130, the silicon (Si) may be damaged. Thus, the activation process may
be performed to the active layer 131 of the LTPS thin film transistor 130 to cure the damage to the silicon (Si). For
example, the activation process may be performed at a temperature of from about 480°C to about 550°C for about 120
seconds.
[0140] Regarding the hydrogenation process to the active layer 131 of the LTPS thin film transistor 130, if poly-silicon
has vacancies, the properties thereof deteriorate. Thus, the hydrogenation process to the active layer 131 of the LTPS
thin film transistor 130 is a process for filling the vacancies of the poly-silicon with hydrogen. The hydrogenation process
to the active layer 131 of the LTPS thin film transistor 130 is performed by diffusing hydrogen contained in the interlayer
insulation layer 150 of the LTPS thin film transistor 130 through a heat treatment. For example, the hydrogenation process
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may be performed at a temperature of from about 350°C to about 420°C for about 3000 seconds. The hydrogenation
process to the active layer 131 of the LTPS thin film transistor 130 may stabilize the active layer 131 of the LTPS thin
film transistor 130.
[0141] Then, the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is formed on the interlayer
insulation layer 150 of the LTPS thin film transistor 130 (S1080). Then, the active layer 141 of the oxide semiconductor
thin film transistor 140 is formed on the gate insulation layer 160 of the oxide semiconductor thin film transistor 140
(S1090). Otherwise, the hydrogenation process to the LTPS thin film transistor 130 may be performed after the interlayer
insulation layer 150 of the LTPS thin film transistor 130 is formed.
[0142] Referring to FIG. 8F, the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 may be
formed on the interlayer insulation layer 150 of the LTPS thin film transistor 130. The gate insulation layer 160 of the
oxide semiconductor thin film transistor 140 may be formed of silicon oxide (SiOx) to suppress diffusion of hydrogen
from the interlayer insulation layer 150 of the LTPS thin film transistor 130 into the active layer 141 of the oxide semi-
conductor thin film transistor 140.
[0143] Then, a metal oxide, e.g., indium-gallium-zinc oxide (hereinafter, referred to as "IGZO"), is deposited (S1091)
on the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 to form an IGZO layer 892. FIG. 8F
illustrates that the IGZO layer 892 is formed assuming that the active layer 141 of the oxide semiconductor thin film
transistor 140 is formed of IGZO from among various metal oxides. However, the present disclosure is not limited thereto.
Instead of IGZO, another metal oxide may also be used.
[0144] The deposition of IGZO is performed at a high temperature. Therefore, IGZO may be crystallized during the
deposition of IGZO. If IGZO is deposited at room temperature, IGZO may be in an amorphous state. However, if IGZO
is deposited at a high temperature, indium (In), gallium (Ga), and zinc (Zn) have a layer structure and form a network.
Further, as IGZO is crystallized at a high temperature, oxygen vacancies within the IGZO layer 892 are decreased. If
there are a lot of oxygen vacancies within the IGZO layer 892, tunneling occurs, so that the IGZO layer 892 may become
conductive. Therefore, when IGZO is deposited, crystallization is performed at a high temperature. Accordingly, the BTS
of the oxide semiconductor thin film transistor 140 can be improved and the reliability can be increased.
[0145] Then, a heat treatment is performed to the IGZO layer 892 to stabilize the IGZO layer 892 (S1092). Then, as
illustrated in FIG. 8G, the IGZO layer 892 is patterned (S1093) to form the active layer 141 of the oxide semiconductor
thin film transistor 140.
[0146] Then, as illustrated in FIG. 8H, contact holes are formed in the gate insulation layer 112 and the interlayer
insulation layer 150 of the LTPS thin film transistor 130 and the gate insulation layer 160 of the oxide semiconductor
thin film transistor 140 (S1100). Then, the source electrode 132 and the drain electrode 133 of the LTPS thin film transistor
130 and the source electrode 142 and the drain electrode 143 of the oxide semiconductor thin film transistor 140 are
formed (S1110).
[0147] After the contact holes are formed in the gate insulation layer 112 and the interlayer insulation layer 150 of the
LTPS thin film transistor 130 and the gate insulation layer 160 of the oxide semiconductor thin film transistor 140, the
source electrode 132 and the drain electrode 133 of the LTPS thin film transistor 130 and the source electrode 142 and
the drain electrode 143 of the oxide semiconductor thin film transistor 140 may be formed by depositing and patterning
a source electrode material and a drain electrode material on the gate insulation layer 160 and the active layer of the
oxide semiconductor thin film transistor 140. The source electrode 132 and the drain electrode 133 of the LTPS thin film
transistor 130 and the source electrode 142 and the drain electrode 143 of the oxide semiconductor thin film transistor
140 may be formed as a three-layer structure including titanium (Ti)/ aluminum (Al)/ titanium (Ti). In this case, a patterning
process may be performed through dry etching.
[0148] In some embodiments, dry etching may be performed in two steps to suppress damage to the active layer 141
of the oxide semiconductor thin film transistor 140. For example, primary dry etching may be performed at a high etching
rate and secondary dry etching may be performed at a low etching rate. By performing the dry etching in two steps as
such, damage to the active layer 141 of the oxide semiconductor thin film transistor 140 can be reduced.
[0149] Then, as illustrated in FIG. 8I, the passivation layer 170 is formed to cover the LTPS thin film transistor 130
and the oxide semiconductor thin film transistor 140 (S1120). The overcoating layer 113 is formed on the passivation
layer 170 (S1130) and the organic light emitting element 180 is formed on the overcoating layer 113 (S1140). Then, the
encapsulation unit 190 is formed on the organic light emitting element 180 (S1150). The passivation layer 170 may be
formed as a double-layer structure as described above.
[0150] FIG. 9 is a cross-sectional view of an organic light emitting display device including a multi-type thin film transistor
according to still another embodiment of the present disclosure. An organic light emitting display device 900 illustrated
in FIG. 9 is substantially the same as the organic light emitting display device 100 illustrated in FIG. 1 except that a gate
electrode 944 of an oxide semiconductor thin film transistor 940 is changed in position, and an interlayer insulation layer
950 of the LTPS thin film transistor 130 and a gate insulation layer 960 of the oxide semiconductor thin film transistor
940 are modified. Therefore, redundant description thereof will be omitted.
[0151] Referring to FIG. 9, the interlayer insulation layer 950 of the LTPS thin film transistor 130 is disposed on the
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gate electrode 134 of the LTPS thin film transistor 130. The interlayer insulation layer 950 may be formed as a single
layer or may be formed as two or more layers having different properties from each other. For example, the interlayer
insulation layer 950 may be formed as a single layer of silicon nitride (SiNx) or a multi-layer including at least one layer
formed of silicon nitride (SiNx).
[0152] The gate electrode 944 of the oxide semiconductor thin film transistor 940 is disposed on the interlayer insulation
layer 950 of the LTPS thin film transistor 130. The gate electrode 944 of the oxide semiconductor thin film transistor 940
is formed of a metal material. For example, the gate electrode 944 may be formed of the same material as the gate
electrode 134 of the LTPS thin film transistor 130.
[0153] The gate insulation layer 960 of the oxide semiconductor thin film transistor 940 formed of silicon oxide (SiOx)
is disposed on the gate electrode 944 of the oxide semiconductor thin film transistor 940. Further, the active layer 141
of the oxide semiconductor thin film transistor 940 is disposed on the gate insulation layer 960 of the oxide semiconductor
thin film transistor 940.
[0154] In the organic light emitting display device 900 according to still another exemplary embodiment of the present
disclosure, only the gate insulation layer 960 formed as a single layer is disposed between the active layer 141 and the
gate electrode 944 of the oxide semiconductor thin film transistor 940. That is, in the organic light emitting display device
900 according to still another embodiment of the present disclosure, the gate insulation layer 960 of the oxide semicon-
ductor thin film transistor 940 can be tuned independently. Thus, the properties of the oxide semiconductor thin film
transistor 940 can be individually controlled regardless of the other components. More specifically, an on-current of the
oxide semiconductor thin film transistor 940 is affected by a distance between the active layer 141 and the gate electrode
of the oxide semiconductor thin film transistor 940. Meanwhile, if any layer other than the gate insulation layer 960 of
the oxide semiconductor thin film transistor 940 is additionally disposed between the active layer 141 and the gate
electrode of the oxide semiconductor thin film transistor 940, there may be a change in the on-current of the oxide
semiconductor thin film transistor 940. In this case, there is a limit to the control of distance between the active layer
141 and the gate electrode of the oxide semiconductor thin film transistor 940 to improve only the on-current of the oxide
semiconductor thin film transistor 940. However, in the organic light emitting display device 900 according to still another
embodiment of the present disclosure, only the gate insulation layer 960 is disposed between the active layer 141 and
the gate electrode of the oxide semiconductor thin film transistor 940. Therefore, it is possible to independently control
the distance between the active layer 141 and the gate electrode of the oxide semiconductor thin film transistor 940 and
thus possible to reduce the distance between the active layer 141 and the gate electrode of the oxide semiconductor
thin film transistor 940. Therefore, the on-current of the oxide semiconductor thin film transistor 940 can be improved.
Further, since the gate insulation layer 960 of the oxide semiconductor thin film transistor 940 is separately used, the
degree of freedom in design can also be increased.
[0155] In the organic light emitting display device 900 illustrated in FIG. 9, the storage capacitor 120 includes the first
electrode 121 and the second electrode 122, but is not limited thereto. The storage capacitor 120 may further include
a third electrode or a fourth electrode. For example, a third electrode of the storage capacitor 120 may be disposed on
the interlayer insulation layer 950 of the LTPS thin film transistor 130. In this case, the third electrode may be formed of
the same material through the same process as the gate electrode 944 of the oxide semiconductor thin film transistor
940. Further, a fourth electrode of the storage capacitor 120 may be disposed on the gate insulation layer 960 of the
oxide semiconductor thin film transistor 940. In this case, the fourth electrode may be formed of the same material
through the same process as the source electrode 142 and the drain electrode 143 of the oxide semiconductor thin film
transistor 940. As such, since the third electrode or the fourth electrode of the storage capacitor 120 is further disposed,
a capacitance value of the storage capacitor 120 can be increased. Further, the storage capacitor 120 can be formed
during a manufacturing process of the LTPS thin film transistor 130 or the oxide semiconductor thin film transistor 940
without any additional processes, which is efficient in terms of the processing costs and the processing time.
[0156] Further, the structures of the above-described organic light emitting display devices 100, 400, 500, 600B, and
600C can be applied to the organic light emitting display device 900 illustrated in FIG. 9. For example, the plurality of
overcoating layers 513 and 515 and the additional metal layers 519, 524, and 523 of the organic light emitting display
device 500 illustrated in FIG. 5 can be applied to the organic light emitting display device 900. Otherwise, the BSM 617
of the organic light emitting display devices 600B and 600C illustrated in FIG. 6B and FIG. 6C can also be applied thereto.
[0157] FIG. 7 illustrates that in the method of manufacturing an organic light emitting display device including a multi-
type thin film transistor according to an embodiment of the present disclosure, the activation process and the hydrogen-
ation process to the active layer 131 of the LTPS thin film transistor 130 and the heat treatment to the active layer 141
of the oxide semiconductor thin film transistor 140 are separately performed. However, the activation process and the
hydrogenation process to the active layer 131 of the LTPS thin film transistor 130 and the heat treatment to the active
layer 141 of the oxide semiconductor thin film transistor 140 may be performed at the same process. That is, by controlling
a processing temperature in the heat treatment to the active layer 141 of the oxide semiconductor thin film transistor
140, the activation process and the hydrogenation process to the active layer 131 of the LTPS thin film transistor 130
may be performed together with the heat treatment to the active layer 141 of the oxide semiconductor thin film transistor
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140. If the processes are performed as such, an effect of hydrogen on the active layer 141 of the oxide semiconductor
thin film transistor 140 may be increased, but a plurality of processes can be integrated into a single process. Thus, the
manufacturing process can be more simplified.
[0158] As described above, if the activation process and the hydrogenation process to the active layer 131 of the LTPS
thin film transistor 130 and the heat treatment to the active layer 141 of the oxide semiconductor thin film transistor 140
are separately performed, the activation process and the hydrogenation process to the active layer 131 of the LTPS thin
film transistor 130 need to be performed before the active layer 141 of the oxide semiconductor thin film transistor 140
is formed. In this case, after the interlayer insulation layer 150 of the LTPS thin film transistor 130 is formed and only
the activation process is performed to the active layer 131 of the LTPS thin film transistor 130, the gate insulation layer
160 of the oxide semiconductor thin film transistor 140 may be formed. Then, the hydrogenation process may be performed
to the active layer 131 of the LTPS thin film transistor 130 (Example 1). Otherwise, after the interlayer insulation layer
150 of the LTPS thin film transistor 130 is formed and all of the activation process and the hydrogenation process are
performed to the active layer 131 of the LTPS thin film transistor 130, the gate insulation layer 160 of the oxide semi-
conductor thin film transistor 140 may be formed (Example 2). Alternatively, after all of the interlayer insulation layer 150
of the LTPS thin film transistor 130 and the gate insulation layer 160 of the oxide semiconductor thin film transistor 140
are formed, the activation process and the hydrogenation process may be performed to the active layer 131 of the LTPS
thin film transistor 130 (Comparative Example). In the method of manufacturing an organic light emitting display device
according to an embodiment of the present disclosure, the activation process is performed to the active layer 131 of the
LTPS thin film transistor 130 before the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is
formed. Thus, an effect of hydrogen on the active layer 141 of the oxide semiconductor thin film transistor 140 can be
minimized. A more detailed explanation will be provided with reference to FIG. 10A through FIG. 10C and FIG. 11.
[0159] FIG. 10A is a schematic flowchart of an activation process and a hydrogenation process of an LTPS thin film
transistor in a method of manufacturing an organic light emitting display device including a multi-type thin film transistor
according to Comparative Example. FIG. 10B and FIG. 10C are schematic flowcharts of an activation process and a
hydrogenation process of an LTPS thin film transistor in a method of manufacturing an organic light emitting display
device including a multi-type thin film transistor according to an embodiment and another embodiment of the present
disclosure. FIG. 11 is a table provided to explain Vth MAP and Vth variation caused by an activation process and a
hydrogenation process of an LTPS thin film transistor in a method of manufacturing an organic light emitting display
device including a multi-type thin film transistor according to an embodiment of the present disclosure and Comparative
Example.
[0160] FIG. 10A is a flowchart of Comparative Example described above. FIG. 10B is a flowchart of Example 1
described above. FIG. 10C is a flowchart of Example 2 of the present disclosure. FIG. 11 shows Vth MAPs and Vth
variation ranges of samples of Comparative Example, Example 1, and Example 2 after organic light emitting display
devices each including a multi-type thin film transistor are manufactured by the processes according to Comparative
Example, Example 1, and Example 2 illustrated in FIG. 10A through FIG. 10C, respectively. Herein, the Vth MAP is a
diagram showing a difference in threshold voltage Vth in an active layer of an oxide semiconductor thin film transistor.
In a specific area of the Vth Map, a threshold voltage Vth is low at a high hatching density, i.e., point density. Further,
the Vth variation range shows the highest threshold voltage (Vth) value and the lowest threshold voltage (Vth) value in
the Vth MAP. In each of Comparative Example, Example 1, and Example 2, an oxide semiconductor thin film transistor
was manufactured such that a channel area of the oxide semiconductor thin film transistor has a width of 6 mm and a
length of 6 mm In this case, the samples are 20 oxide semiconductor thin film transistors formed on a single mother
substrate.
[0161] Referring to FIG. 10A, in Comparative Example, the interlayer insulation layer 150 of the LTPS thin film transistor
130 is formed (S1050), the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is formed (S1080’),
and an activation process (S1060’) and a hydrogenation process (S1070’) are performed to the active layer 131 of the
LTPS thin film transistor 130. That is, in a state where the gate insulation layer 160 of the oxide semiconductor thin film
transistor 140 formed of silicon oxide (SiOx) is disposed on the interlayer insulation layer 150 of the LTPS thin film
transistor 130 formed of silicon nitride (SiNx), the activation process and the hydrogenation process are performed in
series to the active layer 131 of the LTPS thin film transistor 130. Thus, while the activation process and the hydrogenation
process are performed to the active layer 131 of the LTPS thin film transistor 130, hydrogen contained in the interlayer
insulation layer 150 of the LTPS thin film transistor 130 is diffused into the gate insulation layer 160 of the oxide semi-
conductor thin film transistor 140. Thus, a large amount of hydrogen is included in the gate insulation layer 160 of the
oxide semiconductor thin film transistor 140. Therefore, while the active layer 141 of the oxide semiconductor thin film
transistor 140 is formed later and a heat treatment is performed to the active layer 141 of the oxide semiconductor thin
film transistor 140, the large amount of hydrogen contained in the gate insulation layer 160 of the oxide semiconductor
thin film transistor 140 may be diffused into the active layer 141 of the oxide semiconductor thin film transistor 140. Thus,
the threshold voltage Vth of the oxide semiconductor thin film transistor 140 may be changed. Therefore, referring to
FIG. 11, the Vth variation in the Comparative Example is as high as 4.2 V.
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[0162] Referring to FIG. 10B, in Example 1, the interlayer insulation layer 150 of the LTPS thin film transistor 130 is
formed (S1050), an activation process is performed to the active layer 131 of the LTPS thin film transistor 130 (S1060),
the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is formed (S1080’), and a hydrogenation
process is performed to the active layer 131 of the LTPS thin film transistor 130 (S1070’). That is, in a state where the
interlayer insulation layer 150 of the LTPS thin film transistor 130 formed of silicon nitride (SiNx) is disposed, the activation
process is performed to the active layer 131 of the LTPS thin film transistor 130. Then, in a state where the gate insulation
layer 160 of the oxide semiconductor thin film transistor 140 formed of silicon oxide (SiOx) is disposed, the hydrogenation
process is performed to the active layer 131 of the LTPS thin film transistor 130. Thus, during the activation process to
the active layer 131 of the LTPS thin film transistor 130, the gate insulation layer 160 of the oxide semiconductor thin
film transistor 140 is not present on the interlayer insulation layer 150 of the LTPS thin film transistor 130. Therefore,
hydrogen is not diffused from the interlayer insulation layer 150 of the LTPS thin film transistor 130 into an upper layer.
However, in a state where the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 is disposed,
the hydrogenation process is performed to the active layer 131 of the LTPS thin film transistor 130. Thus, during the
hydrogenation process to the active layer 131 of the LTPS thin film transistor 130, hydrogen may be diffused from the
interlayer insulation layer 150 of the LTPS thin film transistor 130 into the gate insulation layer 160 of the oxide semi-
conductor thin film transistor 140. However, the activation process performed at a higher processing temperature than
the hydrogenation process may be performed before the gate insulation layer 160 of the oxide semiconductor thin film
transistor 140 is formed, so that diffusion of hydrogen into the gate insulation layer 160 of the oxide semiconductor thin
film transistor 140 can be minimized. Further, as described above, referring to FIG. 8B, the gate insulation layer 160 of
the oxide semiconductor thin film transistor 140 may be formed as a multi-layer with a difference in density. For example,
the gate insulation layer 160 of the oxide semiconductor thin film transistor 140 may include a first gate insulation layer
861 and a second gate insulation layer 862 formed of silicon oxide (SiOx). In this case, a film density of the second gate
insulation layer 862 disposed in contact with the active layer 141 of the oxide semiconductor thin film transistor 140 may
be higher than that of the first gate insulation layer 861. Therefore, while the active layer 141 of the oxide semiconductor
thin film transistor 140 is formed later and a heat treatment is performed, the second gate insulation layer 862 having a
higher film density can minimize diffusion of hydrogen into the active layer 141 of the oxide semiconductor thin film
transistor 140. Referring to FIG. 11, it can be seen that the Vth variation of Example 1 is much lower than that of
Comparative Example.
[0163] Referring to FIG. 10C, in Example 2, the interlayer insulation layer 150 of the LTPS thin film transistor 130 is
formed (S1050), an activation process (S1060) and a hydrogenation process (S1070) are performed to the active layer
131 of the LTPS thin film transistor 130, and the gate insulation layer 160 of the oxide semiconductor thin film transistor
140 is formed (S1080). That is, in a state where the interlayer insulation layer 150 of the LTPS thin film transistor 130
formed of silicon nitride (SiNx) is disposed, all of the activation process and the hydrogenation process are performed
to the active layer 131 of the LTPS thin film transistor 130. Then, the gate insulation layer 160 of the oxide semiconductor
thin film transistor 140 formed of silicon oxide (SiOx) is disposed. Thus, during the activation process and the hydrogen-
ation process to the active layer 131 of the LTPS thin film transistor 130, any layer is not present on the interlayer
insulation layer 150 of the LTPS thin film transistor 130. Therefore, hydrogen is not diffused from the interlayer insulation
layer 150 of the LTPS thin film transistor 130 into an upper layer. Further, during the activation process and the hydro-
genation process to the active layer 131 of the LTPS thin film transistor 130, hydrogen contained in a surface of the
interlayer insulation layer 150 of the LTPS thin film transistor 130 in contact with the gate insulation layer 160 of the
oxide semiconductor thin film transistor 140 may be removed. Therefore, hydrogen is not diffused from the interlayer
insulation layer 150 of the LTPS thin film transistor 130 into the gate insulation layer 160 of the oxide semiconductor
thin film transistor 140 formed later. Therefore, while the active layer 141 of the oxide semiconductor thin film transistor
140 is formed later and a heat treatment is performed, the amount of hydrogen diffused from the gate insulation layer
160 of the oxide semiconductor thin film transistor 140 and the interlayer insulation layer 150 of the LTPS thin film
transistor 130 is remarkably reduced. Referring to FIG. 11, it can be seen that the Vth variation of Example 2 is much
lower than that of Comparative Example.
[0164] Although the exemplary embodiments of the present disclosure have been described in detail with reference
to the accompanying drawings, the present disclosure is not limited thereto and may be embodied in many different
forms without departing from the technical concept of the present disclosure. Therefore, the exemplary embodiments
of the present disclosure are provided for illustrative purposes only but not intended to limit the technical concept of the
present disclosure. The scope of the technical concept of the present disclosure is not limited thereto. The protective
scope of the present disclosure should be construed based on the following claims, and all the technical concepts in the
equivalent scope thereof should be construed as falling within the scope of the present disclosure.
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Claims

1. An organic light emitting display device, comprising:

a substrate (110); and
a pixel on the substrate (110), the pixel including:

a driving thin film transistor (130), driving TFT (130), the driving TFT (130) including a poly-Si active layer
(131) formed of poly-silicon;
a switching thin film transistor (140), switching TFT (140), the switching TFT (140) including an oxide
semiconductor active layer (141) formed of an oxide semiconductor material; and
an organic light emitting diode (OLED) electrically connected to the driving TFT;
wherein an interlayer insulation layer (150) formed of a first material including hydrogen is provided between
the poly-Si active layer (131) and the oxide semiconductor active layer (141), and
wherein a gate insulation layer (160) is provided between the interlayer insulation layer (150) and the oxide
semiconductor active layer (141), the gate insulation layer (160) formed of a second material different from
the first material, the second material being configured to block diffusion of hydrogen from the interlayer
insulation layer (150) to the oxide semiconductor active layer (141).

2. The organic light emitting display device of claim 1, wherein the first material includes silicon nitride SiNx, and/or
wherein the second material includes silicon oxide SiOx.

3. The organic light emitting display device of claim 1 or 2, wherein a hydrogen content of the second material is less
than a hydrogen content of the first material.

4. The organic light emitting display device according to any one of the preceding claims, wherein the gate insulation
layer (160) includes a first gate insulation layer (461) and a second gate insulation layer (462) disposed on the first
gate insulation layer (461), wherein a hydrogen content of the second gate insulation layer (462) is less than a
hydrogen content of the first gate insulation layer (461), the second gate insulation layer (462) being closer to the
oxide semiconductor active layer (141) than the first gate insulation layer (461).

5. The organic light emitting display device according to any one of the preceding claims, wherein the gate insulation
layer (160) includes a first gate insulation layer (461) and a second gate insulation layer (462) disposed on the first
gate insulation layer (461), wherein a density of the second gate insulation layer (462) is higher than a density of
the first gate insulation layer (461), the second gate insulation layer (462) being closer to the oxide semiconductor
active layer (141) than the first gate insulation layer (461).

6. The organic light emitting display device according to any one of the preceding claims, further comprising a passi-
vation layer (170) disposed over the driving TFT and the switching TFT, wherein at least a portion of the passivation
layer (170) contacts the oxide semiconductor active layer (141).

7. The organic light emitting display device of claim 6, wherein the passivation layer (170) comprises a first passivation
layer (171) including silicon oxide SiOx and a second passivation layer (172) on the first passivation layer (171) and
formed of a material other than silicon oxide SiOx, the first passivation layer (171) being closer to the oxide semi-
conductor active layer (141) than the second passivation layer (172).

8. The organic light emitting display device of claim 6 or 7, wherein the passivation layer (170) includes a third passivation
layer (473) and a first passivation layer (171) disposed on the third passivation layer (473), wherein a hydrogen
content of the third passivation layer (473) is less than a hydrogen content of the first passivation layer (171), the
third passivation layer (473) being closer to the oxide semiconductor active layer (141) than the first passivation
layer (171).

9. The organic light emitting display device of claim 6, 7 or 8, wherein the passivation layer (170) includes a third
passivation layer (473) and a first passivation layer (171) disposed on the third passivation layer (473), wherein a
density of the third passivation layer (473) is higher than a density of first passivation layer (171), the third passivation
layer (473) being closer to the oxide semiconductor active layer (141) than the first passivation layer (171).

10. The organic light emitting display device according to any one of the preceding claims, wherein the driving TFT



EP 3 270 417 A1

24

5

10

15

20

25

30

35

40

45

50

55

(130) includes a gate electrode (134), and the switching TFT (141) includes a gate electrode (144), wherein both
gate electrodes (134, 144) are disposed on a same layer.

11. The organic light emitting display device according to any one of the preceding claims, wherein the switching TFT
(140) further includes a gate electrode (144) disposed below the oxide semiconductor active layer (141), and wherein
the interlayer insulation layer (150) and the gate insulation layer (160) are disposed between the gate electrode
(144) of the switching TFT (140) and the oxide semiconductor active layer (141).

12. The organic light emitting display device according to any one of the preceding claims, further comprising a bottom
shield metal (617) disposed below the poly-Si active layer (131) and overlapping with the poly-Si active layer (131).

13. The organic light emitting display device according to any one of the preceding claims, further comprising a storage
capacitor (120), the storage capacitor (120) including a first capacitor electrode (121) disposed on a same layer as
the poly-Si active layer (131), and a second capacitor electrode (122) on the first storage electrode (121).

14. The organic light emitting display device according to any one of the preceding claims, further comprising a storage
capacitor (120), the storage capacitor (120) including a first capacitor electrode (121) and a second capacitor
electrode (122) on the first storage electrode (121), wherein the second capacitor electrode (122) is disposed on a
same layer as a gate electrode (144) of the switching TFT (140).

15. A method for manufacturing an organic light emitting display device, comprising:

Forming a driving thin film transistor (130), driving TFT (130), the driving TFT (130) including a poly-Si active
layer (131) formed of poly-silicon;
Forming a switching thin film transistor (140), switching TFT (140), the switching TFT (140) including an oxide
semiconductor active layer (141) formed of an oxide semiconductor material; and
Forming an organic light emitting diode (OLED) electrically connected to the driving TFT;
wherein an interlayer insulation layer (150) formed of a first material including hydrogen is provided between
the poly-Si active layer (131) and the oxide semiconductor active layer (141), and
wherein a gate insulation layer (160) is provided between the interlayer insulation layer (150) and the oxide
semiconductor active layer (141), the gate insulation layer (160) formed of a second material different from the
first material, the second material being configured to block diffusion of hydrogen from the interlayer insulation
layer (150) to the oxide semiconductor active layer (141).
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摘要(译)

有机发光显示装置（100）包括在基板（110）上的驱动TFT（130），
在基板（110）上的开关TFT（140），以及有机发光二极管（180）。
驱动TFT（130）包括由多晶硅形成的第一有源层（131），以及在第一
有源层（131）上的层间绝缘层（150）的至少第一部分。层间绝缘层
（150）由包含氢的第一材料形成。开关TFT（140）包括第二有源层
（141），第一有源层（131）和第二有源层（141）之间的层间绝缘层
（150）的至少第二部分，以及至少一部分在层间绝缘层（150）的第二
部分和第二有源层（141）之间的栅极绝缘层（160）的一部分。栅极绝
缘层（160）由不同于第一材料的第二材料形成，并阻止氢从层间绝缘层
（150）扩散到第二有源层（141）。
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