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(57) ABSTRACT 

Disclosed herein are an alternating copolymer of phenylene 
vinylene and biarylene vinylene, a preparation method 
thereof, and an organic thin film transistorincluding the same. 
The organic thin film transistor maintains low off-state leak 
age current and realizes a high on/off current ratio and high 
charge mobility because the organic active layer thereof is 
formed of an alternating copolymer of phenylene vinylene 
and biarylene vinylene. 
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ALTERNATING COPOLYMERS OF 
PHENYLENE VINYLENE AND BARYLENE 
VINYLENE, PREPARATION METHOD 
THEREOF, AND ORGANIC THIN FLIM 
TRANSISTER COMPRISING THE SAME 

PRIORITY STATEMENT 

0001. This non-provisional application claims priority 
under U.S.C. S 119 to Korean Patent Application No. 
10-2007-01 13754, filed on Nov. 8, 2007, in the Korean Intel 
lectual Property Office (KIPO), the entire contents of which 
are incorporated herein by reference. 

BACKGROUND 

0002 1. Field of the Invention 
0003. This disclosure is directed to an alternating copoly 
mer of phenylene vinylene and biarylene vinylene, a prepa 
ration method thereof, and an organic thin film transistor 
comprising the same, and, more particularly, to an alternating 
copolymer of phenylene vinylene and biarylene vinylene, 
which comprises phenylene vinylene and biarylene vinylene 
alternating in the polymer backbone, and thus, when applied 
to the organic active layer of an organic thin film transistor, a 
high on/off current ratio and high charge mobility can be 
imparted while low off-state leakage current is maintained, 
and to a preparation method thereof and an organic thin film 
transistor comprising the same. 
0004 2. Description of the Related Art 
0005 Generally, an organic thin film transistor (OTFT) 
comprises a Substrate, a gate electrode, an insulating layer, 
Source/drain electrodes, and a channel layer, and is classified 
into a bottom contact (BC) type, in which a channel layer is 
formed on Source? drain electrodes, and a top contact (TC) 
type, in which metal electrodes are formed on a channel layer 
through mask deposition. 
0006. The channel layer of the TFT is typically formed of 
an inorganic semiconductor material. Such as silicon (Si). 
Recently, however, in order to realize large, inexpensive, and 
flexible displays, the demand to use an organic semiconduc 
tor material, in place of expensive inorganic material, requir 
ing a high-temperature vacuum process, is increasing. 
0007 Thus, thorough research into organic semiconduc 
tor materials useful as the channel layer of OTFTs and tran 
sistor properties using the same is being conducted. Examples 
of low-molecular-weight or oligomeric organic semiconduc 
tor materials include merocyanine, phthalocyanine, perylene, 
pentacene, C60, or thiophene oligomer. Lucent Technologies 
and 3M reported the use of pentacene monocrystals to realize 
OTFTs having high charge mobility of 3.2-5.0 cm/Vs (Mat. 
Res. Soc. Symp. Proc. 2003, Vol. 771, L6.5.1-L6.5.11). 
0008. In addition, OTFTs using a thiophene polymer as 
the polymer material have been reported. Although these 
OTFTs have properties inferior to those of OTFTs using 
low-molecular-weight material, they are advantageous with 
respect to the processability thereof because a large area may 
be realized at a low expense through a solution process, for 
example, a printing process. Further, the organic semiconduc 
tor polymer material has lower charge mobility than low 
molecular-weight material, including pentacene, but is pref 
erable thereto because it eliminates the need for a high 
operating frequency and enables the inexpensive fabrication 
of TFTS. 
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0009. With the goal of commercializing the OTFTs, off 
state leakage current, in addition to charge mobility, must be 
minimized. That is, a high on/off current ratio should be 
satisfied. To this end, various attempts to improve such prop 
erties are being made. 

SUMMARY 

0010 Disclosed herein is a novel alternating copolymer of 
phenylene vinylene and biarylene vinylene, which has high 
solubility in an organic Solvent and high processability and 
exhibits partial coplanarity to thus realize amorphous prop 
erties and Superior t-stacking properties when formed into a 
film, and a method of preparing the same. 
0011. Also disclosed herein is an OTFT, the organic active 
layer of which is formed of an alternating copolymer of 
phenylene vinylene and biarylene vinylene prepared by add 
ing an arylene group to an arylene derivative and having a 
decreased band gap, thus realizing high mobility of charges 
and holes. 

0012. Also disclosed herein is an electronic device, com 
prising the alternating copolymer of phenylene vinylene and 
biarylene vinylene. 
0013. In one embodiment, a novel alternating copolymer 
of phenylene vinylene and biarylene vinylene is provided, 
which is adapted for use in the organic active layer of an 
OTFT to improve device properties. Such an alternating 
copolymer of phenylene vinylene and biarylene vinylene may 
be represented by Formula 1 below: 

Formula 1 

0014 wherein R', R, R, and Rare each independently 
selected from the group consisting of hydrogen, a hydroxyl 
group, a Colinear, branched or cyclic alkyl group, a Co 
alkoxyalkyl group, and a C linear, branched or cyclic 
alkoxy group, X is selected from the group consisting of S. O. 
NH, N-methyl, and Se, and n is an integer from 4 to 200. 
0015 The alternating copolymer of phenylene vinylene 
and biarylene vinylene is a novel p-type polymer organic 
semiconductor, having a structure in which phenylene 
vinylene and biarylene vinylene having an aryl group acting 
as a hole donor alternate in the polymer backbone, and exhib 
iting conductive polymer properties. 
0016. In another embodiment, a method of preparing the 
alternating copolymer of phenylene vinylene and biarylene 
vinylene is provided. The method may include copolymeriz 
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ing a monomer represented by Formula 4 below with a mono 
mer represented by Formula 5 below: 

Formula 4 

O P 
NOY), 

I0017 wherein R' and R are each independently selected 
from the group consisting of hydrogen, a hydroxyl group, a 
C1-2 linear, branched or cyclic alkyl group, a C-2 alkoxy 
alkyl group, and a C linear, branched or cyclic alkoxy 
group, and Y is a C alkyl group; and 

Formula 5 

0018 wherein R and Rare each independently selected 
from the group consisting of hydrogen, a hydroxyl group, a 
Colinear, branched or cyclic alkyl group, a Coalkoxy 
alkyl group, and a C linear, branched or cyclic alkoxy 
group, and X is selected from the group consisting of S. O. 
NH, N-methyl, and Se. 
0019. In a further embodiment, an OTFT is provided, 
which comprises a Substrate, a gate electrode, a gate insulat 
ing layer, an organic active layer, and source/drain electrodes, 
the organic active layer being formed of the alternating 
copolymer of phenylene vinylene and biarylene vinylene. 
Because the organic active layer of the OTFT is formed of the 
alternating copolymer of phenylene vinylene and biarylene 
vinylene, low off-state leakage current may be maintained 
and a high on/off current ratio may be attained. Further, the 
arylene group is added to the arylene derivative, and thus a 
band gap may be decreased, and charges or holes may be 
efficiently transported, resulting in high charge mobility. 
0020. The alternating copolymer of phenylene vinylene 
and biarylene vinylene may also be applied to various elec 
tronic devices, examples of the electronic device including, 
but not being limited to, an organic light emitting device 
(OLED), an organic photovoltaic device, or a sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Example embodiments will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings, in which: 
0022 FIG. 1 is an exemplary schematic cross-sectional 
view illustrating an OTFT: 
0023 FIG. 2 is a 'H-NMR spectrum of an alternating 
copolymer (PPVBTV-1) of a phenylene vinylene (PV) 
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derivative and a bithiophene vinylene (BTV) derivative, 
obtained in Preparative Example 1: 
(0024 FIG. 3 is a UV-VIS spectrum of a film of an alter 
nating copolymer (PPVBTV-3) of a phenylene vinylene (PV) 
derivative and a bithiophene vinylene (BTV) derivative, 
obtained in Preparative Example 3: 
0025 FIG. 4 is a current transfer curve of the alternating 
copolymer (PPVBTV-3) of a phenylene vinylene (PV) 
derivative and a bithiophene vinylene (BTV) derivative, 
obtained in Preparative Example 3; and 
0026 FIG. 5 is a current transfer curve of the alternating 
copolymer (PPVBTV-7) of a phenylene vinylene (PV) 
derivative and a bithiophene vinylene (BTV) derivative, 
obtained in Preparative Example 7. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

0027. Hereinafter, example embodiments will be 
described in detail with reference to the attached drawings. 
Example embodiments may, however, be embodied in many 
different forms and should not be construed as being limited 
to the embodiments set force herein. Rather, these embodi 
ments are provided so that this disclosure will be thorough 
and complete, and will fully convey the scope of example 
embodiments to those skilled in the art. 
0028. In accordance with one embodiment, an alternating 
copolymer of phenylene vinylene and biarylene vinylene may 
be represented by Formula 1 below: 

Formula 1 

(0029 wherein R', R. R. and Rare each independently 
selected from the group consisting of hydrogen, a hydroxyl 
group, a C-20 linear, branched or cyclic alkyl group, a C-2 
alkoxyalkyl group, and a C linear, branched or cyclic 
alkoxy group, X is selected from the group consisting of S. O. 
NH, N-methyl, and Se, and n is an integer from 4 to 200. 
0030. In addition, examples of the alternating copolymer 
of phenylene vinylene and biarylene vinylene include, but are 
not limited to, a compound selected from the group repre 
sented by Formula 2 below: 

Formula 2 
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I0031) wherein R' and R are each independently selected 
from the group consisting of a hexyl group, a heptyl group, -continued 
and an octyl group, R is selected from the group consisting of 
abutyl group, a hexyl group, and an octyl group, and n is an 
integer from 4 to 200. 
0032. In addition, examples of the alternating copolymer 
of phenylene vinylene and biarylene vinylene include, but are 
not limited to, a compound selected from the group repre 
sented by Formula 3 below. 

Heptyl 
PPVBTV-5 

Formula 3 

n Hexyl 
Octyl PPVBTV-6 

PPVBTV-1 Butyl 

Octyl 

PPVBTV-7 

OS Heptyl Butyl 
Heptyl 

PPVBTV-2 

n Heptyl 

PPVBTV-8 
Butyl 

Hexyl 

PPVBTV-3 

O 
n Hexyl 

PPVBTV-9 

0033. The alternating copolymer of phenylene vinylene 
and biarylene vinylene has high solubility in an organic Sol 
vent and high processability, and exhibits partial coplanarity. 

Yoctyl 0034) Further, when the compound, in which phenylene 
vinylene and biarylene vinylene alternate in the polymer 

PPVBTV-4 backbone, is formed into a film, amorphous properties and 
Superior t-stacking properties may be manifested. 

  

  

  

  

  

  

  



US 2009/0218564 A1 

0035. In accordance with another embodiment, a method 
of preparing the alternating copolymer of phenylene vinylene 
and biarylene vinylene is provided. The method of preparing 
the alternating copolymer of phenylene vinylene and 
biarylene vinylene includes copolymerizing a monomer rep 
resented by Formula 4 below with a monomer represented by 
Formula 5 below: 

Formula 4 

RI 

(YO) 
2n P O 

I 
NOY), 

R2 

I0036) wherein R' and R are each independently selected 
from the group consisting of hydrogen, a hydroxyl group, a 
Colinear, branched or cyclic alkyl group, a Coalkoxy 
alkyl group, and a C linear, branched or cyclic alkoxy 
group, and 
0037 Y is a C alkyl group; and 

Formula 5 

0038 wherein R and Rare each independently selected 
from the group consisting of hydrogen, a hydroxyl group, a 
Colinear, branched or cyclic alkyl group, a Coalkoxy 
alkyl group, and a C linear, branched or cyclic alkoxy 
group, and 
0039 X is selected from the group consisting of S, O, NH, 
N-methyl, and Se. 
0040. Examples of the monomer represented by Formula 
5, include, but are not limited to, a monomerselected from the 
group represented by Formula 6 below: 

Formula 6 
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-continued 

I0041 wherein R and Rare each independently selected 
from the group consisting of hydrogen, a hydroxyl group, a 
C1-2 linear, branched or cyclic alkyl group, a C-2 alkoxy 
alkyl group, and a C linear, branched or cyclic alkoxy 
group. 

0042. Further, examples of the monomer represented by 
Formula 5, include, but are not limited to, a monomer selected 
from the group represented by Formula 7 below. 

Formula 7 
OHC S Octyl 

/ S 
Octyl CHO 

OHC S Hexyl 

/ S 
Hexyl CHO 

OHC S Butyl 

/ S 
Butyl CHO 

0043. According to the example embodiments, the alter 
nating copolymer of phenylene vinylene and biarylene 
vinylene may be polymerized through a Horner-Emmons 
reaction. Through Such a reaction, dialkyl phosphoric acid is 
removed from the phenylene derivative, and a double bond is 
formed between the phenylene derivative and the biarylene 
derivative, thus obtaining an alternating copolymer of phe 
nylene vinylene and biarylene vinylene. In the above reac 
tion, Sodium methoxide or potassium butoxide may be used 
as a reaction accelerator, and examples of the polymerization 
solvent include dimethylformaldehyde (DMF), tetrahydrofu 
ran (THF), or N-methylpyrrolidinone (NMP). 
0044) The polymerization reaction of the alternating 
copolymer of phenylene vinylene and biarylene vinylene is 
shown by way of example in Scheme 1 below. 
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Scheme 1 

Octyl 
O1 

EtO 
R O 

EtO1 OEt + 
O PS 

OEt 

O 

Horner-Emmons is t-BOK THF 

-Octyl 

0045 
0046. The alternating copolymer (PPVBTV-1) of phe 
nylene vinylene and bithiophene vinylene obtained through 
Scheme 1 has a number average molecular weight ranging 
from about 10,000 to about 100,000. 
0047 According to the example embodiments, the alter 
nating copolymer of phenylene vinylene and biarylene 
vinylene preferably has a number average molecular weight 
of 10,000 or more. When the number average molecular 
weight thereof is less than 10,000, it is difficult to form a thin 
film, and poor current transfer properties result. 
0.048. In accordance with a further embodiment, an OTFT, 
comprising a Substrate, a gate electrode, a gate insulating 
layer, an organic active layer, and source/drain electrodes, is 
provided, in which the organic active layer is formed of the 
alternating copolymer of phenylene vinylene and biarylene 
vinylene. In this way, when the organic active layer of the 
OTFT is formed of the alternating copolymer of phenylene 
vinylene and biarylene vinylene, low off-state leakage current 
is maintained, and simultaneously, a high on/off current ratio 
is realized. Further, an arylene group is added to an arylene 
derivative, thus decreasing a band gap and efficiently trans 
porting electrons or holes, resulting in high charge mobility. 
0049 Specifically, the alternating copolymer of phe 
nylene vinylene and biarylene vinylene according to the 
example embodiments may be used as a novel organic semi 
conductor material to manufacture the active layer of the 
OTFT. Examples of the process of forming the organic active 
layer include, but are not limited to, screen printing, printing, 
spin coating, dipping, or inkjetting. 
0050 FIG. 1 is an exemplary schematic cross-sectional 
view illustrating the OTFT. 
0051. With reference to FIG. 1, the OTFT is manufactured 
to have a structure, including a substrate 1, a gate electrode 2. 
a gate insulating layer 3, a source electrode 4, a drain elec 
trode 5, and an organic active layer 6, but the example 
embodiments are not limited thereto. 

Here, n is an integer from 4 to 200. 
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0052. The gate insulating layer 3 of the OTFT is formed of 
a typical insulator having a high dielectric constant, and spe 
cific examples of the insulator include, but are not limited to, 
a ferroelectric insulator selected from the group consisting of 
Bao SrogTiOs (BST), Al2O3. Ta2Os, La-Os, YOs and 
TiO, an inorganic insulator selected from the group consist 
ing of Pbzro. TiO (PZT), BiaTiO2, BaMgF, SrBi 
(TaNb)O3, Ba(ZrTi)O (BZT), BaTiO, SrTiO, BiTiO, 
SiO, SiN and AlON, oran organic insulator including poly 
imide, BCB (benzocyclobutene), parylene, polyacrylate, 
polyvinylalcohol and polyvinylphenol. 
0053. The gate electrode 2, the source electrode 4, and the 
drain electrode 5 of the OTFT are formed of typical metal, and 
specific examples of the metal include, but are not limited to, 
gold (Au), silver (Ag), aluminum (Al), nickel (Ni), or indium 
tin oxide (ITO). 
0054 Examples of material for the substrate of the OTFT 
include, but are not limited to, glass, polyethylene naphtha 
late (PEN), polyethylene terephthalate (PET), polycarbonate, 
polyvinylalcohol, polyacrylate, polyimide, polynorbornene, 
or polyethersulfone (PES). 
0055. The alternating copolymer of phenylene vinylene 
and biarylene vinylene according to the example embodi 
ments may also be applied to various electronic devices, in 
addition to the OTFT. Examples of the electronic device 
include, but are not limited to, an organic light emitting device 
(OLED), an organic photovoltaic device, or a sensor. 
0056. Hereinafter, example embodiments will be 
described in detail with reference to Examples. These 
Examples are set forth to illustrate example embodiments, but 
should not be construed to be the limit of example embodi 
mentS. 

EXAMPLES 

Synthesis of Alternating Copolymers of Phenylene 
Vinylene and Biarylene Vinylene 

0057 Alternating copolymers (PPVBTV-1 to PPVBTV 
9) of phenylene vinylene and biarylene vinylene were syn 
thesized through the reaction according to Scheme 2 below. 

Scheme 2 

S 

/ BuLi, TMEDA 
CuCl2 

BuLifether 
DMF 
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-continued 
OHC S R3 

R3 S CHO 

3 

R1 

(YO) 
n P O 

t-BOK THF 
O PS 

(OY) 

R2 
PV derivative 

PPVBTV 

Preparative Example 1 

Synthesis of Alternating Copolymer (PPVBTV-1) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0058 Into a flask containing 50 ml of anhydrous tetrahy 
drofuran (THF), tetramethyl-ethylenediamine (16 mmol) and 
butyl lithium (16 mmol) were added, and then stirred for 30 
min. Further, the stirred mixture was added with 3-octylth 
iophene (15 mmol), stirred at room temperature for 10 min, 
and then heated under reflux for 2 hours. The reaction mixture 
was cooled to room temperature and then to -78°C. using 
acetone-dry ice. The reaction mixture was added with copper 
chloride (19 mmol) and then stirred while the temperature 
thereof was gradually increased to room temperature. The 
reaction mixture was filtered with a Celite pad, concentrated, 
and passed through a silica gel column, thus obtaining a 
compound 2 separated in the form of a yellow solid (yield: 
80%). The H NMR results of the compound 2 were as fol 
lows: 

0059 'H NMR (CDC1,) d 7.0 (s. 2H), 6.8 (s. 2H), 2.6 (t, 
4H), 1.7 (m, 4H), 1.3 (m, 20H), 0.9 (t, 6H). 
0060. The compound 2 (4.9 mmol) was dissolved in 50 ml 
of anhydrous ether and then added with butyl lithium (11.2 
mmol) in a nitrogen atmosphere. The reaction mixture was 
heated under reflux for 2 hours and then cooled to room 
temperature. Subsequently, to the reaction mixture, dimeth 
ylformamide (10.7 mmol) was added in droplets, followed by 
conducting stirring for 18 hours. Thereafter, the reaction mix 
ture was added with a saturated ammonium chloride aqueous 
solution, and then extracted two times with ether. The col 
lected organic layer was dried and concentrated under 
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reduced pressure, thus obtaining a red solid. The Solid was 
dissolved in ether and then cooled to -78°C., thus obtaining 
an organic solid, which was then filtered, thereby obtaining a 
compound 3 (yield: 75%). The "H NMR results of the com 
pound 3 were as follows. 
0061 H NMR (CDC1) d 10.0 (s. 2H), 7.2 (s. 2H), 2.9 (t, 
4H), 1.7 (m, 4H), 1.3 (m, 20H), 0.9 (t, 6H). 
0062. In a flask, a phenylene vinylene (PV) derivative (in 
Formula 4, R', R= -OCH, 1 mmol) and the compound 3 
(1 mmol) were dissolved in THF (2 ml) and then heated to 
about 80°C. The reaction mixture was slowly added with a 
solution of t-BuOK (3 mmol) in THF. The reaction was con 
ducted for 12 hours, after which the reaction product was 
re-precipitated in methanol, thus recovering a high-molecu 
lar-weight material, which was then dried, thereby obtaining 
PPVBTV-1 of Formula 3 (yield: 45%, Mn=18,000). The 
'H-NMR spectrum of the PPVBTV-1 is shown in FIG. 2. 

Preparative Example 2 

Synthesis of Alternating Copolymer (PPVBTV-2) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0063. An alternating copolymer (PPVBTV-2 of Formula 
3) was synthesized in the same manner as in Preparative 
Example 1, with the exception that a phenylene vinylene (PV) 
derivative (in Formula 4, R, R-Heptyl-Oxy) was used as a 
monomer. (Yield: 40%, Mn=14,000). 

Preparative Example 3 

Synthesis of Alternating Copolymer (PPVBTV-3) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0064. An alternating copolymer (PPVBTV-3 of Formula 
3) was synthesized in the same manner as in Preparative 
Example 1, with the exception that a phenylene vinylene (PV) 
derivative (in Formula 4, R', R-Hexyl-Oxy) was used as a 
monomer. (Yield: 40%, Mn=16,000). The UV-VIS spectrum 
of a film of the PPVBTV-3 is shown in FIG. 3. 

Preparative Example 4 

Synthesis of Alternating Copolymer (PPVBTV-4) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0065. An alternating copolymer (PPVBTV-4 of Formula 
3) was synthesized in the same manner as in Preparative 
Example 1, with the exception that 3-hexylthiophene was 
used as a starting material. (Yield: 45%, Mn=16,000). 

Preparative Example 5 

Synthesis of Alternating Copolymer (PPVBTV-5) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0066. An alternating copolymer (PPVBTV-5 of Formula 
3) was synthesized in the same manner as in Preparative 
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Example 2, with the exception that 3-hexylthiophene was 
used as a starting material. (Yield: 40%, Mn=19,000). 

Preparative Example 6 

Synthesis of Alternating Copolymer (PPVBTV-6) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0067. An alternating copolymer (PPVBTV-6 of Formula 
3) was synthesized in the same manner as in Preparative 
Example 3, with the exception that 3-hexylthiophene was 
used as a starting material. (Yield: 40%, Mn=18,000). 

Preparative Example 7 

Synthesis of Alternating Copolymer (PPVBTV-7) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0068. An alternating copolymer (PPVBTV-7 of Formula 
3) was synthesized in the same manner as in Preparative 
Example 1, with the exception that 3-butylthiophene was 
used as a starting material. (Yield: 40%, Mn=12,000). 

Preparative Example 8 

Synthesis of Alternating Copolymer (PPVBTV-8) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0069. An alternating copolymer (PPVBTV-8 of Formula 
3) was synthesized in the same manner as in Preparative 
Example 2, with the exception that 3-butylthiophene was 
used as a starting material. (Yield: 40%, Mn=12,000). 

Preparative Example 9 

Synthesis of Alternating Copolymer (PPVBTV-9) of 
Phenylene Vinylene (PV) Derivative and 
Bithiophene Vinylene (BTV) Derivative 

0070. An alternating copolymer (PPVBTV-9 of Formula 
3) was synthesized in the same manner as in Preparative 
Example 3, with the exception that 3-butylthiophene was 
used as a starting material. (Yield: 40%, Mn=11,000). 

Fabrication of OTFT 
Example 1 

Fabrication of OTFT Using PPVBTV-1 

0071. On a washed glass substrate, chromium for a gate 
electrode was deposited to a thickness of 1000 A through 
sputtering, after which SiO for a gate insulating film was 
deposited to a thickness of 1000 A through CVD. Subse 
quently, ITO for source/drain electrodes was deposited 
thereon to a thickness of 1200A through sputtering. Before 
the organic semiconductor material was deposited, the Sub 
strate was washed with isopropyl alcohol for 10 min and was 
then dried. Subsequently, the substrate having ITO deposited 
thereon was immersed in a 10 mM octadecyltrichlorosilane 
solution in chloroform for 30 sec, washed with acetone, and 
then dried. Subsequently, the alternating copolymer 
(PPVBTV-1) of phenylene vinylene (PV) and biarylene 
vinylene (BTV), synthesized in Preparative Example 1, was 
dissolved to a concentration of 1 wt % in chloroform, applied 
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on the substrate to a thickness of 1000A at 1000 rpm, and then 
baked at 100° C. for 1 hour in an argon atmosphere, thereby 
fabricating the OTFT. 

Examples 2 to 9 

Fabrication of OTFTs Using PPVBTVs 

0072 OTFTs were fabricated in the same manner as in 
Example 1, with the exception that the types of alternating 
copolymer of phenylene vinylene and biarylene vinylene 
were changed as shown in Table 1 below. 
(0073. The properties of the OTFTs were measured. The 
results are shown in Table 1 below. 

Evaluation of Properties of OTFTs) 

(0074 The current transfer properties of the OTFTs fabri 
cated in Examples 1 to 9 were measured using a semiconduc 
tor characterization system (4200-SCS), available from KEI 
THLEY. The current transfer curve of PPVBTV-3 is shown in 
FIG.4, and the current transfer curve of PPVBTV-7 is shown 
in FIG. 5. Further, the electrical properties based on the cur 
rent transfer properties were calculated as follows. The 
results are also shown in Table 1 below. 

TABLE 1 

Type of Charge On-Off Current Off-State Leakage 
PPVBTV Mobility (cm) Ratio Current (A) 

Ex. 1 PPVBTV-1 O.OO1 1OOO 3 x 10 
Ex. 2 PPVBTV-2 O.OO3 7000 7 x 10-11 
Ex. 3 PPVBTV-3 O.O12 1OOO 1 x 1010 
Ex. 4 PPVBTV-4 OOOOO2 100 1 x 100 
Ex. 5 PPVBTV-5 O.OOO88 1OOO 1 x 1010 
Ex. 6 PPVBTV-6 O.OOOS 500 1 x 1010 
Ex. 7 PPVBTV-7 O.O3 3OOOOO 2 x 100 
Ex.8 PPVBTV-8 O.OO2 SOOO 1 x 100 
Ex.9 PPVBTV-9 O.OO1 100 1 x 1010 

0075. The charge mobility was calculated from the follow 
ing current equation for the Saturation region. That is, the 
current equation for the Saturation region was converted into 
a graph relating (Is)" and Vo, and the charge mobility was 
calculated from the slope of the converted graph: 

Ion = u(Vr: - Vr) SD = pu(VG - VT) 

puCW 
WISD = 2. (Vol - WF) 

I puC, W 
slope = 2L 

= (slope) AlfET = (slope) CW 

0076 wherein Is is the source-drain current, LL or L is 
the charge mobility, C is the oxide film capacitance, Wis the 
channel width, L is the channel length, V is the gate Voltage, 
and V is the threshold voltage. 
10077. The off-state leakage current (I), which is the cur 
rent flowing in the off-state, was taken from the minimum 
current in the off-state of the on/off current ratio. 
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0078. The on/off current ratio (I/I) was taken from the 
ratio of maximum current in the on-state to minimum current 
in the off-state. 
0079. As is apparent from Table 1, the OTFTs of Examples 
1 to 9 using the alternating copolymers of phenylene vinylene 
and biarylene vinylene could be seen to realize considerably 
low off-state leakage current and a high on/off current ratio. 
0080. As described hereinbefore, the alternating copoly 
mer of phenylene vinylene and biarylene vinylene according 
to the example embodiments is a novel p-type polymer 
organic semiconductor. In the case where Such an alternating 
copolymer is used for an organic active layer of an OTFT, the 
electrical properties of the OTFT can be improved. For 
example, the OTFT using the alternating copolymer of phe 
nylene vinylene and biarylene vinylene according to the 
example embodiments can manifest low leakage current, 
high charge mobility, and Superior stability. 
0081 Although example embodiments have been dis 
closed for illustrative purposes, those skilled in the art will 
appreciate that various modifications, additions and Substitu 
tions are possible, without departing from the scope and spirit 
of the invention as disclosed in the accompanying claims. 
What is claimed is: 
1. An alternating copolymer of phenylene vinylene and 

biarylene vinylene, represented by Formula 1 below: 

Formula 1 

wherein R. R. R. and Rare each independently selected 
from a group consisting of hydrogen, a hydroxyl group, 
a Colinear, branched or cyclic alkyl group, a Co 
alkoxyalkyl group, and a Celinear, branched orcyclic 
alkoxy group, 

X is selected from a group consisting of S, O, NH, N-me 
thyl, and Se, and 

n is an integer from 4 to 200. 
2. The alternating copolymer of claim 1, wherein the alter 

nating copolymer of phenylene vinylene and biarylene 
vinylene comprises a compound selected from a compound 
group represented by Formula 2 below: 

Formula 2 

Sep. 3, 2009 

wherein R' and Rare each independently selected from a 
group consisting of a hexyl group, a heptyl group, and an 
octyl group, 

R is selected from a group consisting of a butyl group, a 
hexyl group, and an octyl group, and 

n is an integer from 4 to 200. 
3. The alternating copolymer of claim 1, wherein the alter 

nating copolymer of phenylene vinylene and biarylene 
vinylene comprises a compound selected from a compound 
group represented by Formula 3 below: 
Formula 3 

PPVBTV-1 

PPVBTV-2 

PPVBTV-3 

PPVBTV-4 

PPVBTV-5 
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-continued 
PPVBTV-6 

PPVBTV-8 

O n Hexyl 

4. A method of preparing an alternating copolymer of 
phenylene vinylene and biarylene vinylene, comprising 
copolymerizing a monomer represented by Formula 4 below 
with a monomer represented by Formula 5 below: 

Formula 4 

O P 
YOY), 

wherein R' and Rare each independently selected from a 
group consisting of hydrogen, a hydroxyl group, a Co 
linear, branched or cyclic alkyl group, a Coalkoxy 
alkyl group, and a C linear, branched or cyclic 
alkoxy group, and 

Sep. 3, 2009 

Y is a C alkyl group; and 

Formula 5 

wherein RandR are each independently selected from a 
group consisting of hydrogen, a hydroxyl group, a Co 
linear, branched or cyclic alkyl group, a Coalkoxy 
alkyl group, and a C linear, branched or cyclic 
alkoxy group, and 

X is selected from a group consisting of S. O. NH, N-me 
thyl, and Se. 

5. The method of claim 4, wherein the monomer repre 
sented by Formula 5 comprises a monomer selected from a 
monomer group represented by Formula 6 below: 

Formula 6 

wherein RandR are each independently selected from a 
group consisting of hydrogen, a hydroxyl group, a C-20 
linear, branched or cyclic alkyl group, a Coalkoxy 
alkyl group, and a C linear, branched or cyclic 
alkoxy group. 
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6. The method of claim 4, wherein the monomer repre- R is selected from a group consisting of a butyl group, a 
sented by Formula 5 comprises a monomer selected from a hexyl group, and an octyl group, and 
monomer group represented by Formula 7 below: n is an integer from 4 to 200. 

9. The organic thin film transistor of claim 7, wherein the 
OHC Octyl Formula 7 alternating copolymer of phenylene vinylene and biarylene 

S / vinylene comprises a compound selected from a compound 
/ group represented by Formula 3 below: 

Octyl S CHO 

OHC S 7 Hexyl Formula 3 

7 PPVBTV-1 
Hexyl S CHO 

OHC S 7 Butyl. 

Butyl S CHO 

7. An organic thin film transistor, comprising a Substrate, a 
gate electrode, a gate insulating layer, an organic active layer, 
and source/drain electrodes, in which the organic active layer 
is formed of an alternating copolymer of phenylene vinylene 
and biarylene vinylene, represented by Formula 1 below: 

PPVBTV-2 

Formula 1 

PPVBTV-3 

wherein R. R. R. and Rare each independently selected 
from a group consisting of hydrogen, a hydroxyl group, 
a C-2 linear, branched or cyclic alkyl group, a C-20 
alkoxyalkyl group, and a Celinear, branched orcyclic 
alkoxy group, 

X is selected from a group consisting of S, O, NH, N-me 
thyl, and Se, and PPVBTV-4 

n is an integer from 4 to 200. 
8. The organic thin film transistor of claim 7, wherein the 

alternating copolymer of phenylene vinylene and biarylene 
vinylene comprises a compound selected from a compound 
group represented by Formula 2 below: 

Formula 2 

PPVBTV-5 

wherein R' and Rare each independently selected from a n 
group consisting of a hexyl group, a heptyl group, and an Heptyl 
octyl group, 
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-continued -continued 
PPVBTV-8 

O n Hexyl 

10. An electronic device, comprising the alternating 
copolymer of phenylene vinylene and biarylene vinylene of 
any one of claims 1 to 3. 

11. The electronic device of claim 10, which is an organic 
light emitting device (OLED), an organic photovoltaic 
device, or a sensor. 

  

  

  


