
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

2 
87

1 
68

4
B

1
*EP002871684B1*

(11) EP 2 871 684 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
02.12.2020 Bulletin 2020/49

(21) Application number: 14188193.8

(22) Date of filing: 08.10.2014

(51) Int Cl.:
H01L 51/05 (2006.01) H01L 51/30 (2006.01)

H01L 51/40 (2006.01)

(54) Thin film transistor, method of manufacturing the same, and electronic device including the 
thin film transistor

Dünnschichttransistor, Verfahren zur Herstellung davon und elektronische Vorrichtung mit dem 
Dünnschichttransistor

Transistor à film mince, son procédé de fabrication et dispositif électronique comprenant un transistor 
à film mince

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 06.11.2013 KR 20130134389
23.06.2014 KR 20140076624

(43) Date of publication of application: 
13.05.2015 Bulletin 2015/20

(73) Proprietor: Samsung Electronics Co., Ltd.
Gyeonggi-do 443-742 (KR)

(72) Inventors:  
• Lee, Ji Youl

Seoul, (KR)

• Kim, Joo Young
Gyeonggi-do, (KR)

• Chung, Jong Won
Gyeonggi-do, (KR)

• Lee, Sang Yoon
Seoul, (KR)

• Park, Jeong II
Gyeonggi-do, (KR)

(74) Representative: Elkington and Fife LLP
Prospect House 
8 Pembroke Road
Sevenoaks, Kent TN13 1XR (GB)

(56) References cited:  
WO-A1-2006/025473 WO-A2-2012/118713
US-A1- 2005 142 496  



EP 2 871 684 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to a thin film transistor, a method of manufacturing the same, and an electronic
device including the thin film transistor.

BACKGROUND OF THE INVENTION

[0002] A flat panel display, such as a liquid crystal display (LCD), an organic light emitting diode (OLED) display, an
electrophoretic display, and the like, includes a pair of electric field-generating electrodes and an electrical optical active
layer interposed therebetween. The liquid crystal display (LCD) includes a liquid crystal layer as an electric optical active
layer, and the organic light emitting diode (OLED) display includes an organic emission layer as an electrical optical
active layer.
[0003] One of the pair of the electric field-generating electrodes is commonly connected to a switching device and
receives an electrical signal, and the electrical optical active layer transforms the electrical signal into an optical signal
and thus displays an image.
[0004] The flat panel display includes a thin film transistor (TFT) that is a three-terminal element as a switching element.
[0005] Research has been conducted on an organic thin film transistor (OTFT) including an organic semiconductor
such as a low molecular weight semiconductor or polymer semiconductor instead of an inorganic semiconductor such
as a silicon (Si) semiconductor as one kind of the thin film transistor.
[0006] The organic thin film transistor may be made into a fiber or a film due to characteristics of an organic material,
and thus is drawing attention as an important element for a flexible display device.
[0007] However, an organic semiconductor used in the organic thin film transistor may be easily damaged in subsequent
processes due to the characteristics of the organic material, and has a limit for forming a fine structured thin film transistor
capable of realizing a relatively short channel length.
[0008] WO 2006/025473 A1 and US 2005/0142496 A1 disclose organic transistors having a photosensitive, solvent
selective pattern on the organic semiconductor.

SUMMARY OF THE INVENTION

[0009] Some example embodiments relate to a thin film transistor that may reduce organic semiconductor damage
and simultaneously provide a relatively short channel length, thus improving the performance thereof.
[0010] Some example embodiments relate to a method of manufacturing the thin film transistor.
[0011] Some example embodiments relate to an electronic device including the thin film transistor.
[0012] The thin film transistor of the invention includes a gate electrode, an organic semiconductor overlapping the
gate electrode, a gate insulating layer disposed between the gate electrode and the organic semiconductor, a source
electrode and a drain electrode disposed on and electrically connected to the organic semiconductor, and a solvent
selective photosensitive pattern disposed on the organic semiconductor and between the source electrode and the drain
electrode, the source electrode and drain electrode overlapping opposing edges of the solvent selective photosensitive
pattern.
[0013] The solvent selective photosensitive pattern may have a smaller width than the organic semiconductor.
[0014] A width of the solvent selective photosensitive pattern and a channel length of the thin film transistor may
substantially be the same.
[0015] The channel length of the thin film transistor may be less than or equal to about 10 mm.
[0016] The channel length of the thin film transistor may be less than or equal to about 5 mm.
[0017] The organic semiconductor may be a deposited organic semiconductor.
[0018] According to another example embodiment, a method of manufacturing a thin film transistor may include pro-
viding a gate electrode; providing a gate insulating layer on the gate electrode; providing an organic semiconductor on
the gate insulating layer; providing a solvent selective photosensitive pattern on the organic semiconductor; and providing
a source electrode and a drain electrode on the organic semiconductor and the solvent selective photosensitive pattern.
The source electrode and the drain electrode are electrically connected to the organic semiconductor to manufacture a
thin film transistor, wherein the thin film transistor comprises:

a gate electrode; an organic semiconductor overlapping the gate electrode; a gate insulating layer between the gate
electrode and the organic semiconductor; a source electrode and a drain electrode disposed on and electrically
connected to the organic semiconductor;
and a solvent selective photosensitive pattern on the organic semiconductor and between the source electrode and
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the drain electrode, the source electrode and drain electrode overlapping opposing edges of the solvent selective
photosensitive pattern.

[0019] The providing of the organic semiconductor may include providing an organic semiconductor thin film on the
gate insulating layer, and etching the organic semiconductor thin film by using a mask pattern including the same material
as in the solvent selective photosensitive pattern.
[0020] The providing of the organic semiconductor thin film may be performed through solution coating or deposition,
and the etching of the organic semiconductor thin film may be performed through dry etching.
[0021] The providing of the solvent selective photosensitive pattern may include coating a composition substantially
not causing a chemical reaction with the organic semiconductor.
[0022] The composition may include a fluorine compound (including a fluorine-containing low molecular compound,
a fluorine-containing oligomer, a fluorine-containing polymer, or a combination thereof), a photosensitive material, and
a fluorine-containing solvent.
[0023] According to another example embodiment, an electronic device may include the thin film transistor.
[0024] The electronic device may include a liquid crystal display (LCD), an organic light emitting diode (OLED), an
electrophoretic display device, or an organic sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a cross-sectional view showing a thin film transistor according to one example embodiment,
FIGS. 2 to 8 are cross-sectional views sequentially showing a method of manufacturing the thin film transistor in
FIG. 1 according to one example embodiment,
FIG. 9 is a photograph showing a pattern having a fine line-width without damage according to one example em-
bodiment,
FIG. 10 is a photograph showing the surface of the organic semiconductor of thin film transistor according to Example
1, and
FIG. 11 is a photograph showing the surface of the organic semiconductor of thin film transistor according to Com-
parative Example 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0026] The present disclosure will be described more fully hereinafter with reference to the accompanying drawings,
in which example embodiments of this disclosure are shown. However, this disclosure may be embodied in many different
forms and should not be construed as limited to the example embodiments set forth herein.
[0027] It will be understood that when an element or layer is referred to as being "on," "connected to," "coupled to,"
or "covering" another element or layer, it may be directly on, connected to, coupled to, or covering the other element or
layer or intervening elements or layers may be present. In contrast, when an element is referred to as being "directly
on," "directly connected to," or "directly coupled to" another element or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout the specification. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated listed items.
[0028] It will be understood that, although the terms first, second, third, etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only used to distinguish one element, component, region, layer,
or section from another element, component, region, layer, or section. Thus, a first element, component, region, layer,
or section discussed below could be termed a second element, component, region, layer, or section without departing
from the teachings of example embodiments.
[0029] Spatially relative terms, e.g., "beneath," "below," "lower," "above," "upper," and the like, may be used herein
for ease of description to describe one element or feature’s relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative terms are intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For example, if the device in the
figures is turned over, elements described as "below" or "beneath" other elements or features would then be oriented
"above" the other elements or features. Thus, the term "below" may encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative descriptors
used herein interpreted accordingly.
[0030] The terminology used herein is for the purpose of describing various embodiments only and is not intended to
be limiting of example embodiments. As used herein, the singular forms "a," "an," and "the" are intended to include the
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plural forms as well, unless the context clearly indicates otherwise. It will be further understood that the terms, "comprises,"
"comprising," "includes," and/or "including," if used herein, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or groups thereof.
[0031] Example embodiments are described herein with reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate structures) of example embodiments. As such, variations from
the shapes of the illustrations as a result, for example, of manufacturing techniques and/or tolerances, are to be expected.
Thus, example embodiments should not be construed as limited to the shapes of regions illustrated herein but are to
include deviations in shapes that result, for example, from manufacturing.
[0032] Unless otherwise defined, all terms (including technical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art. It will be further understood that terms, including those defined
in commonly used dictionaries, should be interpreted as having a meaning that is consistent with their meaning in the
context of the relevant art and will not be interpreted in an idealized or overly formal sense unless expressly so defined
herein.
[0033] Hereinafter, a thin film transistor according to one example embodiment is discussed in further detail with
reference to the drawings.
[0034] FIG. 1 is a cross-sectional view showing a thin film transistor according to one example embodiment.
[0035] Referring to FIG. 1, a gate electrode 124 is formed on a substrate 110.
[0036] The substrate 110 may be made of, for example, transparent glass, silicon, or a polymer. The gate electrode
124 is connected to a gate line (not shown) transmitting a data signal, and may be made of, for example, gold (Au),
copper (Cu), nickel (Ni), aluminum (Al), molybdenum (Mo), chromium (Cr), tantalum (Ta), titanium (Ti), an alloy thereof,
and a combination thereof, but is not limited thereto.
[0037] A gate insulating layer 140 is formed on the gate electrode 124.
[0038] The gate insulating layer 140 may be made of an organic material or an inorganic material. Examples of the
organic material may include a polyvinyl alcohol-based compound, a polyimide-based compound, a polyacryl-based
compound, a polystyrene-based compound, and a dissoluble polymer compound such as benzocyclobutane (BCB).
Examples of the inorganic material may include a silicon nitride (SiNx) and a silicon oxide (SiOx).
[0039] An organic semiconductor 154 is formed on the gate insulating layer 140. The organic semiconductor 154 may
be disposed at a position overlapping with the gate electrode 124 in the center of the gate insulating layer 140, and may
have a shape of, for example, an island.
[0040] The organic semiconductor 154 may be made of a low molecular weight compound or polymer. The low
molecular weight compound or polymer may be an aromatic compound (e.g., polycyclic aromatic compound). In a non-
limiting embodiment, the low molecular weight compound or polymer may include at least one selected from pentacene
and a derivative thereof, tetrabenzoporphyrin and a derivative thereof, polyphenylenevinylene and a derivative thereof,
polyfluorene and a derivative thereof, polythienylenevinylene and a derivative thereof, polythiophene and a derivative
thereof, polythienothiophene and a derivative thereof, polyarylamine and a derivative thereof, phthalocyanine and a
derivative thereof, metallized phthalocyanine and a halogenated derivative thereof, perylenetetracarboxylic dianhydride
(PTCDA), naphthalenetetracarboxylic dianhydride (NTCDA) and an imide derivative thereof, perylene and a derivative
thereof, coronene and a derivative thereof, and heteroacene and a derivative thereof.
[0041] The organic semiconductor 154 may be formed by a deposition process, and the deposition-type organic
semiconductor material may be a low molecular weight organic semiconductor material, for example, pentacene or a
pentacene derivative, tetrabenzoporphyrin or a tetrabenzoporphyrin derivative, phthalocyanine or a phthalocyanine
derivative, perylene or a perylene derivative, coronene or a coronene derivative, or heteroacene or a heteroacene
derivative.
[0042] A solvent selective photosensitive pattern 161 and a solvent selective insulation layer 162 may be formed on
the organic semiconductor 154. The term "solvent selective" refers to an ability to discriminately engage in a chemical
interaction with a predetermined solvent, for example, dissolving, while substantially not causing a chemical interaction
with the material for an organic semiconductor 154. The phrase "substantially not causing a chemical interaction" or
"substantially non-reactive" refers to not affecting the arrangement, chemical characteristics, and electrical characteristics
of an organic semiconductor material used for the organic semiconductor 154. The solvent selective photosensitive
pattern 161 also serves an an etch stop layer which protects the organic semiconductor 154 from damage.
[0043] The solvent selective photosensitive pattern 161 and the solvent selective insulation layer 162 may be formed
from a composition substantially not causing the chemical interaction with the material for an organic semiconductor
154. The composition may include a fluorine compound, a photosensitive material, and a fluorine-containing solvent.
The fluorine compound is the main component of the composition and may include a fluorine-containing low molecular
weight compound, a fluorine-containing oligomer, a fluorine-containing polymer, or a combination thereof. The fluorine
compound neither reacts with nor damages the organic semiconductor 154. The amount of the fluorine compound in
the composition may be more than the amount of the photosensitive material but less than the amount of the fluorine-
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containing solvent. The fluorine compound may be present in the composition in an amount ranging from about 5 to 15
wt% of the total weight of the composition, although example embodiments are not limited thereto. The photosensitive
material may be, for example, a photoacid generator that is a material having reactivity with light. The photosensitive
material may be present in the composition in an amount of about 5 wt% or less of the total weight of the composition,
although example embodiments are not limited thereto. As a solvent, a a fluorine-containing solvent is used instead of
a general organic solvent such as propylene glycol methyl ether acetate (PGMEA). The fluorine-containing solvent can
can dissolve the fluorine compound without reacting with or damaging the organic semiconductor 154. The fluorine-
containing solvent may be present in the composition in an amount ranging from about 80 to 90 wt% of the total weight
of the composition, although example embodiments are not limited thereto.
[0044] The solvent selective photosensitive pattern 161 may have a smaller width than that of the organic semiconductor
154, and the solvent selective photosensitive pattern 161 may have a width that is substantially the same as the channel
length of the thin film transistor. Thereby, the width of solvent selective photosensitive pattern 161 may be adjusted
according to the desirable channel length, and a short channel length, for example, less than or equal to about 10 mm,
may be accomplished by adjusting the width of solvent selective photosensitive pattern 161. As an example, referring
to FIG 9, it has been confirmed that a pattern can be formed from the composition so as to have a relatively fine line-
width of less than 5 mm, without damage.
[0045] The solvent selective photosensitive pattern 161 may not affect the chemical characteristics and the electric
characteristics of the organic semiconductor 154 and may prevent damage to the channel region of the organic semi-
conductor 154 from plasma and/or a chemical solution such as an etching solution, a developing solution, and a stripping
solution during subsequent processes.
[0046] The solvent selective insulation layer 162 may be formed on the gate insulating layer 140, with the exception
of the region where the organic semiconductor 154 is provided.
[0047] A source electrode 173 and a drain electrode 175 are formed on the solvent selective photosensitive pattern
161 and the solvent selective insulation layer 162. The source electrode 173 is connected to a data line (not shown)
transferring a data signal. The source electrode 173 and drain electrode 175 may be made of, for example, gold (Au),
copper (Cu), nickel (Ni), aluminum (Al), molybdenum (Mo), chromium (Cr), tantalum (Ta), titanium (Ti), an alloy thereof,
and a combination thereof, but is not limited thereto.
[0048] The source electrode 173 and the drain electrode 175 are on the organic semiconductor 154 and face each
other across the solvent selective photosensitive pattern 161 therebetween. The source electrode 173 and the drain
electrode 175 are also electrically connected to the organic semiconductor 154. The electrically connecting the source
electrode 173 and the drain electrode 175 to the organic semiconductor 154 refers to including a structure that directly
connects the source electrode 173 and the drain electrode 175 to the organic semiconductor 154, and including a
structure interposing a semi-conductive or conductive material therebetween.
[0049] As described above, the thin film transistor according to one example embodiment has a top contact structure
in which the organic semiconductor 154 and source electrode 173 (and the organic semiconductor 154 and drain electrode
175) are electrically connected above the organic semiconductor 154. The top contact structure may provide a stable
channel of the organic semiconductor 154 by ensuring the continuity of the organic semiconductor 154 compared to a
bottom contact in which the source electrode 173 (and drain electrode 175) are electrically connected to organic semi-
conductor 154 from the bottom side of the organic semiconductor 154. In addition, the source electrode 173 and the
drain electrode 175 are obtained by a process such as deposition and patterning and the like, and then the electrode
materials for the source electrode 173 and the drain electrode 175 are directly deposited on the organic semiconductor
layer under vacuum to decrease contact resistance between the organic semiconductor 154 and source electrode 173
and between the organic semiconductor 154 and drain electrode 175.
[0050] In addition, the thin film transistor according to one example embodiment may not affect the chemical charac-
teristics and the electric characteristics of the organic semiconductor 154 and may prevent damage to the channel region
of the organic semiconductor 154 during subsequent processes, by forming the solvent selective photosensitive pattern
161 made of the material substantially not causing a chemical interaction with the organic semiconductor 154 at the
place corresponding to the channel region of the organic semiconductor 154. In addition, the channel length of thin film
transistor may be controlled by adjusting the width of the solvent selective photosensitive pattern 161, so that a short
channel length may be accomplished at less than or equal to about 10 mm, for example, less than or equal to about 5
mm. Thus the performance of thin film transistor including the organic semiconductor 154 may be improved.
[0051] The thin film transistor may be applied to various electronic devices such as a semiconductor device, a flat
panel display, an energy device, and a sensor. The electronic device may include, for example, a liquid crystal display
(LCD), an organic light emitting device, a solar cell, and an organic sensor.
[0052] Hereinafter, a method of manufacturing a thin film transistor according to the non-limiting embodiment of FIG.
1 will be described with reference to FIGS. 2 to 8 along with FIG. 1.
[0053] FIGS. 2 to 8 are cross-sectional views sequentially showing a method of manufacturing the thin film transistor
of FIG. 1.
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[0054] Referring to FIG. 2, the gate electrode 124 is formed by forming a conductive metal electrode layer on the
substrate 110 through sputtering and performing photolithography on the conductive metal electrode layer.
[0055] Referring to FIG. 3, the gate insulating layer 140 is formed on the gate electrode 124. The gate insulating layer
140 may be formed, for example, in a dry process such as chemical vapor deposition, or in a solution process such as
spin coating, inkjet printing, and the like.
[0056] Subsequently, an organic semiconductor thin film 150 is formed on the gate insulating layer 140. The organic
semiconductor thin film 150 may be obtained by, for example, a dry process such as vacuum deposition, or by a solution
process such as spin coating, inkjet printing, and the like.
[0057] Referring to FIG. 4, a photosensitive layer for a mask (not shown) is coated on the organic semiconductor thin
film 150 and patterned to provide a mask pattern 165. The mask pattern 165 may be made of, for example, a composition
substantially not causing a chemical interaction with the organic semiconductor thin film 150, and the composition may
include, for example, a fluorine compound (including fluorine-containing low molecules, a fluorine-containing oligomer,
a fluorine-containing polymer, or a combination thereof), a photosensitive material, and a fluorine-containing solvent.
The composition may be the same as the composition used when forming the later-described solvent selective photo-
sensitive pattern 161.
[0058] Referring to FIG. 4 and FIG. 5, using the mask pattern 165 as a mask, the organic semiconductor thin film 150
is etched to provide the organic semiconductor 154. The etching may be performed by, for example, dry-etching such
as reactive ion etching (RIE) using oxygen plasma.
[0059] Referring to FIG. 6, the patterning of the organic semiconductor layer is completed by removing the mask
pattern 165.
[0060] Referring to FIG. 7, a composition having solution selectivity is coated on the organic semiconductor 154 and
the gate insulating layer 140 and patterned to provide the solvent selective photosensitive pattern 161 and the solvent
selective insulation layer 162. The composition may include, for example, a composition substantially not causing a
chemical reaction with the organic semiconductor 154, and may include, for example, a fluorine compound (including
fluorine-containing low molecular weight molecules, a fluorine-containing oligomer, a fluorine-containing polymer, or a
combination thereof), a photosensitive material, and a fluorine-containing solvent. The composition may be coated by
a solution process, for example, spin coating, slit coating, or inkjet printing.
[0061] The providing of the solvent selective photosensitive pattern 161 and the solvent selective insulation layer 162
may be performed at less than or equal to about 150 °C, for example, at about 25 °C to about 150 °C. By performing
the process at a relatively low temperature, deterioration of the organic semiconductor 154 below the solvent selective
photosensitive pattern 161 may be reduced or prevented. The solvent selective photosensitive pattern 161 may include
at least 1 wt% fluorine in view of the composition used in its formation.
[0062] As shown in FIG. 8, a conductive metal electrode layer 170 is laminated through sputtering on the solvent
selective photosensitive pattern 161 and the solvent selective insulation layer 162, and then a photosensitive layer (not
shown) is coated thereon. Subsequently, the photosensitive layer is patterned to form a photosensitive pattern 180.
[0063] Then, referring to FIG. 1, using the photosensitive pattern 180 as a mask, the conductive metal electrode layer
170 is processed through photolithography to provide the source electrode 173 and the drain electrode 175 and then
the photosensitive pattern 180 is removed.
[0064] Hereinafter, the present disclosure is described in more detail with reference to various examples. However,
it should be understood that the following are merely examples, and the present disclosure is not limited thereto.

Manufacture of Thin Film Transistor

Example 1

[0065] Molybdenum is deposited on a glass substrate through sputtering and processed through photolithography to
provide a gate electrode. Subsequently, a silicon oxide is deposited through plasma enhanced chemical vapor deposition
(PECVD) to provide a gate insulating layer. A self-assembled layer is then formed on the surface of the gate insulating
layer using octadecyl trichlorosilane. Then, a heteroacene-based organic semiconductor represented by the Chemical
Formula A is vacuum deposited to provide an organic semiconductor thin film. A composition (AZ Electronic Materials
USA Co.) including 5-15 wt% of a fluorine compound, less than or equal to 5 wt% of a photoacid generator, and 80-90
wt% of a fluorine-containing solvent is then coated to provide a photosensitive layer and processed through photolithog-
raphy. Subsequently, the organic semiconductor thin film is etched by oxygen plasma with a mask of the patterned
photosensitive layer to provide an organic semiconductor. The patterned photosensitive layer is then removed. Then,
a composition (AZ Electronic Materials USA Co.) including 5-15 wt% of a fluorine compound, less than or equal to 5
wt% of a photoacid generator, and 80-90 wt% of a fluorine-containing solvent is coated on the gate insulating layer and
the organic semiconductor and patterned to provide a solvent selective photosensitive pattern disposed on the organic
semiconductor and a solvent selective insulation layer disposed on the gate insulating layer. Gold (Au) is then deposited
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through thermal evaporation and processed through photolithography to provide a source electrode and a drain electrode,
thereby obtaining a thin film transistor.

Comparative Example 1

[0066] Molybdenum is deposited on a glass substrate according to sputtering and performed with photolithography to
provide a gate electrode. Subsequently, a silicon silicon oxide is deposited through chemical vapor deposition (PECVD)
to provide a gate insulating layer. Next, a self-assembled layer is formed on the surface of gate insulating layer using
octadecyl trichlorosilane. A heteroacene-based organic semiconductor represented by the Chemical Formula A is then
vacuum deposited to provide an organic semiconductor thin film. A photoacryl-based photosensitive agent (TR-8887
SA7, DONGJIN SEMICHEM CO., LTD.) is then coated and processed through photolithography. Subsequently, the
organic semiconductor thin film is etched by oxygen plasma with a mask of the patterned photosensitive layer to provide
an organic semiconductor. Then, the patterned photosensitive layer is removed with a stripping agent (Clariant AZ 300
MIF Developer). Gold (Au) is then deposited through thermal evaporation and processed through photolithography to
provide a source electrode and a drain electrode, thereby obtaining a thin film transistor.

Reference Example 1

[0067] Molybdenum is deposited on a glass substrate through sputtering and processed through photolithography to
provide a gate electrode. Next, a silicon oxide is deposited through chemical vapor deposition (PECVD) to provide a
gate insulating layer. Subsequently, a self-assembled layer is formed on the surface of gate insulating layer using
octadecyl trichlorosilane. A heteroacene-based organic semiconductor represented by the Chemical Formula A is then
vacuum deposited to provide an organic semiconductor thin film. A substrate deposited with the organic semiconductor
is matched with a shadow mask and gold is deposited through thermal evaporation to provide a source electrode and
a drain electrode, thereby obtaining a thin film transistor.

Evaluation

Evaluation 1

[0068] Characteristics of the thin film transistors according to Example 1 and Comparative Example 1 are evaluated.
[0069] FIG. 10 is a photograph showing the surface of the organic semiconductor of the thin film transistor according
to Example 1. FIG. 11 is a photograph showing the surface of the organic semiconductor of the thin film transistor
according to Comparative Example 1.
[0070] Referring to FIG. 10, it is confirmed that physical damage is not found in the organic semiconductor of the thin
film transistor according to Example 1. On the other hand, referring to FIG. 11, the surface of the organic semiconductor
of the thin film transistor according to Comparative Example 1 is cracked.

Evaluation 2

[0071] Characteristics of the thin film transistors according to Example 1 and Reference Example 1 are evaluated.
[0072] Table 1 shows charge mobility and high temperature reliability of the thin film transistors according to Example
1 and Reference Example 1. The high temperature reliability is measured by a change of threshold voltage after driving
the same at about 60 °C for 10,000 seconds.
[0073] The results are shown in Table 1.

(Table 1)

Charge mobility (cm2/V · s) Reliability (ΔVth)

Example 1 9.3 < |2 V|
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[0074] As shown in Table 1, it is confirmed that the thin film transistor according to Example 1 has a charge mobility
and high temperature reliability of equivalent levels to those of Reference Example 1.
[0075] While various example embodiments are discussed herein, it is to be understood that the present disclosure
is not limited to the disclosed embodiments, but, on the contrary, is intended to cover various modifications and equivalent
arrangements included within the scope of the appended claims.

Claims

1. A thin film transistor comprising:

a gate electrode (124);
an organic semiconductor (154) overlapping the gate electrode (124);
a gate insulating layer (140) between the gate electrode (124) and the organic semiconductor (154);
a source electrode (173) and a drain electrode (175) disposed on and electrically connected to the organic
semiconductor (154); and
a solvent selective photosensitive pattern (161) on the organic semiconductor and between the source electrode
(173) and the drain electrode (175), charaterised in that the source electrode and drain electrode are overlapping
opposing edges of the solvent selective photosensitive pattern (162).

2. The thin film transistor of claim 1, wherein the solvent selective photosensitive pattern includes fluorine.

3. The thin film transistor of claim 1 or 2, wherein the solvent selective photosensitive pattern has a smaller width than
the organic semiconductor.

4. The thin film transistor of any of claims 1-3, wherein a width of the solvent selective photosensitive pattern and a
channel length of the thin film transistor are substantially the same.

5. The thin film transistor of claim 4, wherein the channel length of the thin film transistor is less than or equal to 10
mm, preferably less than or equal to about 5 mm.

6. The thin film transistor of any of claims 1-5, wherein the organic semiconductor is a deposited organic semiconductor.

7. An electronic device comprising the thin film transistor according to any of claims 1-6.

8. The electronic device of claim 7, wherein the electronic device is a liquid crystal display (LCD), an organic light
emitting diode (OLED) display, an electrophoretic display, or an organic sensor.

9. A method of manufacturing a thin film transistor, comprising:

providing a gate electrode (124);
providing a gate insulating layer (140) on the gate electrode (124);
providing an organic semiconductor (154) on the gate insulating layer (140);
providing a solvent selective photosensitive pattern (161, 162) on the organic semiconductor (154); and
providing a source electrode (173) and a drain electrode (175) on the solvent selective photosensitive pattern
(161, 162) and electrically connected to the organic semiconductor (154), to manufacture a thin film transistor,
wherein the thin film transistor comprises:

a gate electrode (124);
an organic semiconductor (154) overlapping the gate electrode (124);
a gate insulating layer (140) between the gate electrode (124) and the organic semiconductor (154);
a source electrode (173) and a drain electrode (175) disposed on and electrically connected to the organic

(continued)

Charge mobility (cm2/V · s) Reliability (ΔVth)

Reference Example 1 9.5 < |2 V|
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semiconductor (154); and
a solvent selective photosensitive pattern (161) on the organic semiconductor (154) and between the source
electrode (173) and the drain electrode (175), characterised in that the source electrode (173) and drain
electrode (175) are overlapping opposing edges of the solvent selective photosensitive pattern (162).

10. The method of claim 9, wherein the providing an organic semiconductor comprises:

providing an organic semiconductor thin film on the gate insulating layer; and
etching the organic semiconductor thin film using a mask pattern formed of a same material as the solvent
selective photosensitive pattern.

11. The method of claim 10, wherein the providing an organic semiconductor thin film is performed through solution
coating or deposition, and
the etching the organic semiconductor thin film is performed through dry etching.

12. The method of any of claims 9-11, wherein the providing a solvent selective photosensitive pattern comprises coating
the organic semiconductor with a composition that is substantially non-reactive with the organic semiconductor.

13. The method of claim 12, wherein the composition comprises a fluorine compound, a photosensitive material, and
a fluorine-containing solvent, the fluorine compound including a fluorine-containing low molecular weight compound,
a fluorine-containing oligomer, a fluorine-containing polymer, or a combination thereof.

Patentansprüche

1. Dünnfilmtransistor, umfassend:

eine Gate-Elektrode (124);
einen organischen Halbleiter (154), der die Gate-Elektrode (124) überlappt;
eine Gate-Isolierschicht (140) zwischen der Gate-Elektrode (124) und dem organischen Halbleiter (154);
eine Source-Elektrode (173) und eine Drain-Elektrode (175), die auf dem organischen Halbleiter (154) ange-
ordnet und elektrisch damit verbunden sind; und
ein lösungsmittelselektives lichtempfindliches Muster (161) auf dem organischen Halbleiter und zwischen der
Source-Elektrode (173) und der Drain-Elektrode (175), dadurch gekennzeichnet, dass die Source-Elektrode
und die Drain-Elektrode einander gegenüberliegende Ränder des lösungsmittelselektiven lichtempfindlichen
Musters (162) überlappen.

2. Dünnfilmtransistor nach Anspruch 1, wobei das lösungsmittelselektive lichtempfindliche Muster Fluor beinhaltet.

3. Dünnfilmtransistor nach Anspruch 1 oder 2, wobei das lösungsmittelselektive lichtempfindliche Muster eine geringere
Breite als der organische Halbleiter aufweist.

4. Dünnfilmtransistor nach einem der Ansprüche 1-3, wobei eine Breite des lösungsmittelselektiven lichtempfindlichen
Musters und eine Kanallänge des Dünnfilmtransistors im Wesentlichen gleich sind.

5. Dünnfilmtransistor nach Anspruch 4, wobei die Kanallänge des Dünnfilmtransistors weniger als oder gleich wie 10
mm, vorzugsweise weniger als oder gleich wie etwa 5 mm ist.

6. Dünnfilmtransistor nach einem der Ansprüche 1-5, wobei der organische Halbleiter ein abgeschiedener organischer
Halbleiter ist.

7. Elektronische Vorrichtung, umfassend den Dünnfilmtransistor nach einem der Ansprüche 1-6.

8. Elektronische Vorrichtung nach Anspruch 7, wobei die elektronische Vorrichtung eine Flüssigkristallanzeige (LCD),
eine organische Leuchtdiodenanzeige (OLED), eine elektrophoretische Anzeige oder ein organischer Sensor ist.

9. Herstellungsverfahren eines Dünnfilmtransistors, umfassend:
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Bereitstellen einer Gate-Elektrode (124);
Bereitstellen einer Gate-Isolierschicht (140) auf der Gate-Elektrode (124);
Bereitstellen eines organischen Halbleiters (154) auf der Gate-Isolierschicht (140);
Bereitstellen eines lösungsmittelselektiven lichtempfindlichen Musters (161, 162) auf dem organischen Halb-
leiter (154); und
Bereitstellen einer Source-Elektrode (173) und einer Drain-Elektrode (175) auf dem lösungsmittelselektiven
lichtempfindlichen Muster (161, 162) und elektrisch verbunden mit dem organischen Halbleiter (154), um einen
Dünnfilmtransistor herzustellen, wobei der Dünnfilmtransistor Folgendes umfasst:

eine Gate-Elektrode (124);
einen organischen Halbleiter (154), der die Gate-Elektrode (124) überlappt;
eine Gate-Isolierschicht (140) zwischen der Gate-Elektrode (124) und dem organischen Halbleiter (154);
eine Source-Elektrode (173) und eine Drain-Elektrode (175), die auf dem organischen Halbleiter (154)
angeordnet und elektrisch damit verbunden sind; und
ein lösungsmittelselektives lichtempfindliches Muster (161) auf dem organischen Halbleiter (154) und zwi-
schen der Source-Elektrode (173) und der Drain-Elektrode (175), dadurch gekennzeichnet, dass die
Source-Elektrode (173) und die Drain-Elektrode (175) einander gegenüberliegende Ränder des lösungs-
mittelselektiven lichtempfindlichen Musters (162) überlappen.

10. Verfahren nach Anspruch 9, wobei das Bereitstellen eines organischen Halbleiters Folgendes umfasst:
Bereitstellen eines organischen Halbleiter-Dünnfilms auf der Gate-Isolierschicht; und Ätzen des organischen Halb-
leiter-Dünnfilms unter Verwendung eines Maskenmusters, das aus einem gleichen Material wie das lösungsmittel-
selektive lichtempfindliche Muster gebildet ist.

11. Verfahren nach Anspruch 10, wobei das Bereitstellen eines organischen Halbleiter-Dünnfilms durch Lösungsbe-
schichtung oder Abscheidung erfolgt, und
das Ätzen des organischen Halbleiter-Dünnfilms durch Trockenätzen ausgeführt wird.

12. Verfahren nach einem der Ansprüche 9-11, wobei das Bereitstellen eines lösungsmittelselektiven lichtempfindlichen
Musters ein Beschichten des organischen Halbleiters mit einer Zusammensetzung umfasst, die im Wesentlichen
nicht reaktiv mit dem organischen Halbleiter ist.

13. Verfahren nach Anspruch 12, wobei die Zusammensetzung eine Fluorverbindung, ein lichtempfindliches Material
und ein fluorhaltiges Lösungsmittel umfasst, wobei die Fluorverbindung eine fluorhaltige Verbindung mit niedrigem
Molekulargewicht, ein fluorhaltiges Oligomer, ein fluorhaltiges Polymer oder eine Kombination davon beinhaltet.

Revendications

1. Transistor à film mince comprenant : une électrode de grille (124) ;
un semi-conducteur organique (154) chevauchant l’électrode de grille (124) ;
une couche d’isolation de grille (140) entre l’électrode de grille (124) et le semi-conducteur organique (154) ;
une électrode de source (173) et une électrode de drain (175) disposées et raccordées électriquement au semi-
conducteur organique (154), et
un motif photosensible sélectif au solvant (161) sur le semi-conducteur organique et entre l’électrode de source
(173) et l’électrode de drain (175), caractérisé en ce que l’électrode de source et l’électrode de drain chevauchent
des bords opposés du motif photosensible sélectif au solvant (162).

2. Transistor à film mince selon la revendication 1, ledit motif photosensible sélectif au solvant comprenant du fluor.

3. Transistor à film mince selon la revendication 1 ou 2, ledit motif photosensible sélectif au solvant possédant une
largeur plus petite que le semi-conducteur organique.

4. Transistor à film mince selon l’une quelconque des revendications 1 à 3, une largeur du motif photosensible sélectif
au solvant et une longueur de canal du transistor à film mince étant sensiblement les mêmes.

5. Transistor à film mince selon la revendication 4, ladite longueur de canal du transistor à film mince étant inférieure
ou égale à 10 mm, de préférence inférieure ou égale à environ 5 mm.
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6. Transistor à film mince selon l’une quelconque des revendications 1 à 5, ledit semi-conducteur organique étant un
semi-conducteur organique déposé.

7. Dispositif électronique comprenant le transistor à film mince selon l’une quelconque des revendications 1 à 6.

8. Dispositif électronique selon la revendication 7, ledit dispositif électronique étant un dispositif d’affichage à cristaux
liquides (LCD), un dispositif d’affichage à diode électroluminescente organique (OLED), un dispositif d’affichage
électrophorétique ou un capteur organique.

9. Procédé de fabrication d’un transistor à film mince, comprenant :

la fourniture d’une électrode de grille (124) ;
la fourniture d’une couche d’isolation de grille (140) sur l’électrode de grille (124) ;
la fourniture d’un semi-conducteur organique (154) sur la couche d’isolation de grille (140) ;
la fourniture d’un motif photosensible sélectif au solvant (161, 162) sur le semi-conducteur organique (154) ; et
la fourniture d’une électrode de source (173) et d’une électrode de drain (175) sur le motif photosensible sélectif
au solvant (161, 162) et électriquement raccordées au semi-conducteur organique (154), pour fabriquer un
transistor à film mince, ledit transistor à film mince comprenant : une électrode de grille (124) ;
un semi-conducteur organique (154) chevauchant l’électrode de grille (124) ;
une couche d’isolation de grille (140) entre l’électrode de grille (124) et le semi-conducteur organique (154) ;
une électrode de source (173) et une électrode de drain (175)
disposées sur le semi-conducteur organique (154) et raccordées électriquement à celui-ci, et
un motif photosensible sélectif au solvant (161) sur le semi-conducteur organique (154) et
entre l’électrode de source (173) et l’électrode de drain (175), caractérisé en ce que l’électrode de source
(173) et l’électrode de drain (175) chevauchent des bords opposés du motif photosensible sélectif au solvant
(162).

10. Procédé selon la revendication 9, ladite fourniture d’un semi-conducteur organique comprenant :
la fourniture d’un film mince semi-conducteur organique sur la couche d’isolation de grille ; et la gravure du film
mince semi-conducteur organique à l’aide d’un motif de masque formé d’un même matériau que le motif photosen-
sible sélectif au solvant.

11. Procédé selon la revendication 10, ladite fourniture d’un film mince semi-conducteur organique étant effectuée par
l’intermédiaire du revêtement ou du dépôt de solution, et
ladite gravure du film mince semi-conducteur organique étant effectuée par gravure sèche.

12. Procédé selon l’une quelconque des revendications 9 à 11, ladite fourniture d’un motif photosensible sélectif au
solvant comprenant le revêtement du semi-conducteur organique avec une composition qui est sensiblement non
réactive avec le semi-conducteur organique.

13. Procédé selon la revendication 12, ladite composition comprenant un composé de fluor, un matériau photosensible
et un solvant contenant du fluor, le composé de fluor comprenant un composé à faible masse moléculaire contenant
du fluor, un oligomère contenant du fluor, un polymère contenant du fluor, ou une combinaison de ceux-ci.
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