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Abstract: Ambipolar organic thin film transistors (OTFTs) based on copper hexadecafluorophthalo-
cyanine (F CuPc) and copper phthalocyanine ( CuPc) with double heterojunction were fabricated.
The carrier mobility was 4 —5 times enhanced compared with that of double layer-architecture de-
vices under the same process. The double heterojunction effect was attributed to the great enhance-
ment which showed an effective way to promote the performance of ambipolar OTFTs. The double
heterojunction architecture also provided another way to adjust the carrier threshold voltage and de-

crease the critical dependence of the film thicknesses in double layer architecture.
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Fig. 1 Schematic architecture of the double heterojunction
OTFT based on F,,CuPc/CuPc/F ¢ CuPc
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Fig.2  Transfer characteristics of the devices with different

thickness of top F;CuPc layer
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Fig.4  Typical output and transfer characteristics of device
C. (a) Output characteristics with ¥, =0 —50 V.
(b) Output characteristics of device C with V, =
-50 - -90 V. (c¢) Typical transfer characteristics
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Table 1~ Summary of carrier mobilities and threshold voltages of different devices

Thickness of top Hole mobility/ Electron mobility/ Hole threshold Electron threshold
F,CuPc/nm (em®* - V7' es™h) (em® - V7'eg™h) voltage/V voltage/V
0 NA 1.5x107? NA -16
6.5 1.27x10°° 7.47 x107? 31.1 -16.2
13 2.51x10°° 5.27x107? 22.8 -10
26 1.28 x10°° 6.42 %1072 47.4 -12.4

WY@ P CuPe JZAYJERE, BT BIEHRWE =25 A A g O g e SR A e
FERT LA B % BB AL, e BT H - IE RS R P T 4 ~ 5 1,
SCYGAERA W], WU o 45 2 3% XU L OTFT
REM— KA RURTE , A WU RHE U XU 5

1E F s CuPe/CuPe XUZ W53 B A5 45 MW R 45 OTFT DA SCHRE TR 305 5 0T 45 A0, A 345 5% Tl
PRAG AT 1 5 ABIINY F CuPe 2 41 RHESERARIMIL,

4 B ®

-

Z % X #.

[ 1 ] Dimitrakopoulos C D, Malenfant P R L. Organic thin film transistors for large area electronics [J]. Adv. Mater. , 2002,
14(2) :99-117.

[2] HuYS, LuQP, LiH, et al. Low-voltage, high-mobiliy air-stable ambipolar organic field-effect transistors with a voltage-
dependent off-current state and modest operational stability [ J]. Appl. Phys. Express, 2013, 6(5) :051602-1-5.

[ 3] Kim DK, OhJD, Shin E S. et al. Study on copper phthalocyanine and perylene-based ambipolar organic light-emitting
field-effect transistors produced using neutral beam deposition method [ J]. J. Appl. Phys. , 2014, 115(16) :164503-
1-5.

[ 4 ] Cosseddu P, Bonfiglio A. Influence of device geometry in the electrical behavior of all organic ambipolar field effect tran-
sistors [ J]. Appl. Phys. Lett. , 2010, 97(20) ;203305-1-3.

[ 5] ChoSN, Lee ] H, Tong M H, et al. Poly(diketopyrrolopyrrole- benzothiadiazole) with ambipolarity approaching 100%
equivalency [ J]. Adv. Funct. Mater. , 2011, 21:1910-1916.

[ 6 ] Zaumseil J, Sirringhaus H. Electron and ambipolar transport in organic feild-effect transistors [ J]. Chem. Rev. , 2007,
107(4) :1296-1323.

[ 7] Wang X H, Hu D Q, Ding Y S, et al. Solution based fabrication of carbon nantube electrode for organic thin film tran-
sistor [J]. Chin. J. Lumin. (XX 53R), 2013, 34(6) :782-786 (in Chinese).

[ 8 ] Generali G, Capelli R, Toffanin S, et al. Ambipolar field-effect transistor based on o, w-diperfiuoroquaterthiophene verti-
cal heterojunction [ J]. Microelectron. Reliab. , 2010, 50(9-11) ;1861-1865.

[ 9 ] Shkunov M, Simms R, Heeney M, et al. Ambipolar field-effect transistors based on solution-processable blends of thieno
[2,3-b] thiophene terthiophene polymer and methanofullerenes [ J]. Adv. Mater. , 2005, 17(21) ;2608-2612.

[10] Hayashi Y, Kanamori H, Yamada I, et al. Facile fabrication method for p/n-type and ambipolar transport polyphenylenevi-
nylene-based thin-film field-effect transistors by blending Cy, fullerene [J]. Appl. Phys. Lett. , 2005, 86(5) :052104-1-3.

[11] Rost C, Gundlach D J, Karg S, et al. Ambipolar organic field-effect transistor based on an organic heterostructure [ J]. J.
Appl. Phys. , 2004, 95(10) :5782-5786.

[12] Meijer E J, De Leeuw D M, Steayesh S, et al. Solution-pricessed ambipolar organic field-effect transistors and inverters
[J]. Nat. Mater. , 2003, 2(10) :678-682.

[13] Ye R B, Baba M, Suzuki K, et al. Improved performance of fluorinated copper phthalocyanine thin film transistors using
an organic pn junction: Effect of copper phthalocyanine film thickness [ J]. Thin Solid Films, 2009, 517(9) :3001-3004.



484 K b R = i 536 %

[14] Ye R B, Baba M, Mori K. High-performance air-stable ambipolar organic thin-film transistor based on F,,CuPc and CuPc
[J1. Jpn. J. Appl. Phys. Part 2, 2005, 44.1581-1585.

[15] Wang J, Wang H, Yan X, et al. Heterojunction ambipolar organic transistors fabric by a two-step vacuum-deposition
process [J]. Adv. Funct. Mater. , 2006, 16(6) :824-830.

[16] Gu W, Li X F, Zhang H, et al. The influences of substrate temperature on ambipolar organic heterojunction transistors
[J]. Thin Solid Films, 2010, 519(1) :439-442.

[17] Wei ZM, Xu W, Hu W P, et al. Air-stable ambipolar organic field-effect transistor based on a novel bi-channel structure
[J]. J. Mater. Chem. , 2008, 18(21) :2420-2422.

[18] LiLQ, Li HX, Song Y B, et al. Air-stable ambipolar field-effect transistors based on copper phthalocyanine and tetracy-
anoquinodimethane [ J]. Res. Chem. Intermed. , 2008, 34(2-3) :147-153.

[19] Hu Y, Tsubasa K, Hidenori O. Ambipolar pentacene/Cg,-based field-effect transistors with high hole and electron mobili-
ties in ambient atmosphere [ J]. Appl. Phys. Lett. , 2009, 94(2) :023305-1-3.

[20] Yan D H, Wang H B, Du B X. Organic Heterojunction Semiconductors [ M]. Beijing: Science Press, 2008 :79-80 (in
Chinese) .

HEETE (1990 - ), B ITLHTKA,
A 5E A 2012 4F F 5 AR 3k
g, EEMNFAIER T
TSR

E-mail; 1069625899@ qq. com

SEI(1967 - ), Lo, WK EN, B
7% 51,2003 AT rp E B 2E B K E G
KL S Wy B 58 T 3R A5 1 2
o, 38 BN 35 98 K 44 R H R R Y
52,

E-mail; fanyi@ ciomp. ac. cn






