Appl. Chem. Eng., Vol. 22, No. 5, October 2011, 551-554

P(S-r~-BCB-r-MMA) H0|E

D4y dHER

oy
4n
riok

HAAIE ol=st

Mgt S HER 77|99 ERX| A

43| - Thomas P, Russell® - Craig J. Hawker*" -

2~

* %k =g ARk ks, T =1
8§58 - olgtd - X¥S

AU {71247 - glo] ¥ 8k}, *Polymer Science and Engineering Department, University of Massachusetts

**Materials Research Laboratory, University of California, *** At & w 3}8hy-sta} ****shikfslw 3183 83}

2y 2=

(2011 8€ 129 A,

2011 9€ 199 AAE 2011 9€ 199 A=)

Low-voltage Pentacene Field-Effect Transistors Based on P(S-r-BCB-r-MMA)
Gate Dielectrics

Song Hee Koo, Thomas P. Russell®, Craig J. Hawker*”, Du Yeol Ryu***, Hwa Sung Lee****‘T, and Jeong Ho Cho'

Department of Organic Materials and Fiber Engineering, Soongsil University, Seoul 156-743, Korea
*Polymer Science and Engineering Department, University of Massachusetts, Amherst, Massachusetts 01003, U.S.A
**Materials Research Laboratory, University of California, Santa Barbara, Santa Barbara, California 93106, U.S.A

***Department of Chemical and Biomolecular Engineering, Yonsei University, Seoul 120-749, Korea

****Department of Chemical Engineering, Hanbat National University, Daejeon 305-719, Korea
(Received August 12, 2011; Revised September 19, 2011; Accepted September 19, 2011)

G 7latubE alx) AE e Q3 o)gr
olth, wla B AT 15 AA

b

ol
rir

o ol

B
g9 7

o] 7k ¥t AAGTEE AEAF AOlE HAA Y s
1] TFs R A R A 2B S 1% S5 e
AAA A7 poly(styrene-r-benzocyclobutene-r-methyl methacrylate) (P(S-r-BCB-r-MMA))=
MMAYE 7 8tahgolA] 3919 Wstrk A9 §l7) wEel] 958

stAd sk}, P(S-r-BCB-r-
]9~ k- AAAE Az

2 % f7)erd

A5 = 7=

o

EWAANAE A4S AZEES A AAEZTHO)EE 025 cmYVs, TE A 2 v, AEH] ~10°, 28] 3 sub-threshold
swing 400 mV/decade® 7T d5S KAttt & AFolA AFA 2ME PS+-BCB-~-MMA)E 7 tAEd o]}
2o Yy AAaA FHE Y3 AolE BAA 2AEA U s AdS Aled Aol

One of the key issues in the research of organic field-effect transistors (OFETs) is the low-voltage operation. To address this
issue, we synthesized poly(styrene-r-benzocyclobutene-r-methyl methacrylate) (P(S-r-BCB-r-MMA)) as a thermally cross-link-
able gate dielectrics. The P(S-r-BCB-r-MMA) showed high quality dielectric properties due to the negligible volume change
during the cross-linking. The pentacene FETs based on the 34 nmrthick P(S-r-BCB-r-MMA) gate dielectrics operate below
5 V. The P(S-~-BCB---MMA) gate dielectrics yielded high device performance, ie. a field-effect mobility of 0.25 cm™/Vs,
a threshold voltage of -2 V, an sub-threshold slope of 400 mV/decade, and an on/off current ratio of ~10°. The thermally
cross-linkable P(S--BCB--MMA) will provide an attractive candidate for solution-processable gate dielectrics for low-voltage
OFETs.
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Figure 1. (a) Cross-linking mechanism of P(S-r-BCB-r-MMA). (b)
Capacitance vs. frequency plot of the P(S-r-BCB--MMA) gate
dielectrics with metal-insulatormetal (MIM) geometry. Inset shows
AFM images of the P(S-r-BCB-r-MMA) films.
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Figure 2. (a) AFM image and (b) 2D GIXD pattem of S0 nm thick
pentacene films deposited on the P(S--BCB-r-MMA) gate dielectrics.
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Figure 3. (a) Output and (b) transfer characteristics of the pentacene
field-effect transistors based on the P(S-r-BCB-r-MMA) gate dielectrics.
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Figure 4. Operational stability of the pentacene field-effect transistors
based on the P(S-r-BCB-r-MMA) gate dielectrics.
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