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Quantum capacitance in graphene

QIU Chen-Guang XU Hui-Long ZHANG Zhi-Yong' PENG Lian-Mao

(Key Laboratory for the Physics and Chemistry of Nanodevices s Department of Electronics, Peking University s Beijing 100871,China)

Abstract Quantum capacitance is an increasingly important parameter in semiconducting nanomaterials
and devices. By measuring and extracting the quantum capacitance of graphene, we can infer important
physical properties of graphene, and it is also a useful guide for the vertical scaling of graphene field-effect
transistors. In this work, a new simple method has been used to fabricate ultrathin, high-quality Y, O, gate
dielectric on graphene with an equivalent oxide thickness as low as 1.5 nm. By changing the thickness, the
quantum capacitance has been accurately measured and extracted, with results that agree well with the the-
oretical calculation when far away from the Dirac point. Furthermore, a microscopic model of the quantum
capacitance based on potential fluctuations has been developed which can quantitatively describe the meas-
ured values near the Dirac point through use of the single parameter-potential fluctuation. Our model fits
the experimental results excellently throughout the whole energy range. In addition, we have explored the
performance limits and potential advantages of graphene transistors compared with [[[-V field-effect tran-
sistors from the perspective of quantum capacitance.
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18 (V4 =1V) 424.8(V 4, =1V)

© 794 - http://www. wuli. ac. cn

W - 41 % (2012 )12 8



B 2t

SR BTN R OV B IRIE 2R
BN SE R UE TR TFRASRMZ. &a . T H
FERY AL AT O T A B R AR R A L — VR
ARG R I S A AR DN ) 46 T T

AR
5% ik

[17] Service R F. Science, 2009, 323: 1000

[27] LuryiS. Appl. Phys. Lett., 1988, 52: 501

[ 3] Fischetti M V er al. IEDM. IEEE International, 2007, 10—
12 December

[47] John D L, Castro L C,Pulfrey D L ez al. J. Appl. Phys. ,
2004, 96: 5180

[5] Fang T, Konar A, Xing H et al. Appl. Phys. Lett., 2007,
91.: 092109

[ 6] Chen Z, Appenzeller J. IEEE IEDM Tech. , 2008, 21(1): 509

[ 7] Giannazzo F, Sonde S, Raineri V et al. Nano Lett. , 2009, 9: 23

[ 8] Droscher S, Roulleau P et al. Appl. Phys. Lett. , 2010, 96
152104

[9] Wang X, Tabakman S M,Dai H J ez al. Chem. Soc. , 2008,
130. 8152

[10] Xuan Y. Wu Y Q. Shen T et al. Appl. Phys. Lett., 2008,
92. 013101

[11] Farmer D B, Chiu HY, Lin Y M er al. Nano Lett. , 2009,

IR - 41 % (2012 )12

9: 4474

[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]

[22]
[23]

[24]

[25]
[26]

[27]

http://www. wuli. ac. cn

Williams J R, DiCarlo L., Marcus C M et al. Science, 2007,
317: 638

Xinran W, Scott M et al.]. AM. CHEM. SOC,2008, 130:
8152

Xia J, Chen F, Li ] H et al. Nat. Nanotechnol. , 2009, 4: 505
Zhang Z Y, Peng L. M et al. Nano Lett. , 2007, 7. 3603
Ding L., Peng L. M et al. Nano Lett. , 2009, 9: 4209

Xu H L, Zhang Z Y, Peng . M et al. ACSnano, 2011,5(3):
2340

Xu H L, Zhang Z Y, Peng L M et al. ACSnano. , 2011,5
(6): 5031

Xu H L, Zhang Z Y,Peng L. M et al. Appl. Phys. Lett. ,
2011, 98. 133122

Zhang Y B, Tan Y W, Stormer H L et al. Nature, 2005,
438: 201

Yang L, Deslippe J, Park C H et al. Phys. Rev. Lett, 2009,
103:186802

Xia F, Chen J] H,Tao N J. Nat. Nanotechnol. , 2009,4: 505
Martin J, Akerman N, Ulbricht G et al. Nat. Phys. , 2008,
1: 144

Deshpande A, Bao W, Miao F et al. Phys. Rev. B, 2009,
79: 205411

Robert C, Suman D, Amlan M. CSICO05. IEEE,2005,p. 4
Donghyun J. Quantum Capacitance in Scaled Down [I[-V
FETs. MIT, 2010

Liao L, Bai ] W ez al. Proc. Natl. Acad. Sci. U. S. A.
107.6711

,2010,

+ 795 -



