A % h #  20175F Fe2% F 148 1520 ~ 1526 @Q(FPﬂ%) bk
SCIENCE CHINA PRESS

A BBV E D fn st TE

GuLA, B4, 2B, FiR, EAM

WL Tl K (5 B TR =R, KT P AR S 25 A S0, K 300401
* B & A, E-mail: wangwei @hebut.edu.cn

2016-06-26 i, 2016-09-07 14181, 2016-09-08 257, 2017-01-17 ML ik 3
T A8 FE R 5T A A3 7 B H (220056) A Jb 4 H SR BF24 3k 4 (F2012202075) % B

WE AERFIRNERETNAANTERCRNESAAFFERNEXL. HFER, kAR, 5RELEE
W SO By iR KR, #—F s TR T H S AR AL TR AN, BIRT EREBAEATAR
BY)TIZ K. AR & BB B RO S R E DITOR M AR, TaOs A M4k %, & & A AR R, TiIAUR &
SRBAFREH. BEFEMNKEPNERELNA, FEFSRBERP R T RFWEEER. ZBT, 5557
BN R E R T R R R, BB RA 2272 cmA(V 9), MR AR A 6.2 Al &Pl
ATABMHENE, BHEMETHCENEATRLLE. BRFRTRENE EFHTRM&EEHERNY

e, MAERENE, KN TReEENNELT ARYE, #EAZAMAL. LEBEZATSCH, ZREHEEE

RIT KL Bt

Keglial B REIBEREE, THE, RRIT XU,

A7 R S — Pl ELE A e IR R 4 ) R
WA R, & REAE T B & AR, 4 A g oK A TR
YA SR 1) HAR S v B T RS A LR 350 (1)
HET, ARt it bl e, SR, 0GR
S5 R R AR (2) WIRT, AT H T
THERLA J1.5x10° cm?(V s), & T —FpE S0k
MR R, B e G B g, Z230m+
WHN, Ao KRR (3) A BA R DG
BHFR(TIK97.7%) . & FREER . PR AR TR
IRBAIE . IE S A7 S50 1) X Se O A, i fS HAed
T RE . MR BEVR B W I 24 S A EL A T Y
R3S LB = M E N TP SR 3 g0l Ry o o 2 s )
P Bkt AME A K s ST (chemical
vapor deposition, CVD)¥:45: . HLbR 85 vk hil 4 4 2
Wi RS, REOMR AT 48, MELATZ N M E
AR A A BRI R AR KRB R RERE R, AR B SR

HENL, BE

CVDILHEA T AR, nlitm . ARSI, 2
BN R P NIE AN = iis Al V8 ST MENI DR

FRT, S5 AR % 0 2 B K- B — AN K T
v % SRR AR A . R R RIUB A 1l Ha 1% v 90% il
)RS 4 R - A A -1 AR SO0 i RS, JLRRAE
RSFE k14 nm, Fi 5] 202046 35 A A4 R 6
MR, S B R A B AR — L
BIR BA BRI TR R, F SRR R
FLA B My g 07 5 B, AT R R R i A AR A A Lk A
U2 o s DA PR T2 R, BERS AR/
AR B AR N SF, SR BE R E Y BUAR A ERAE
YOns i A A A BR 58t LI HUS T —
EMREE, (HE5ESKEEM B, BUE 03T 68
SRR N AR E TR T IR . BT L
AN BA LR . Rk, &5 A 8@k
INF fi AR B BIFY, 2 A A A2 o P B 40U 1 = 38 1)

SRR AR, £, SEF, % AR RB0N RS I HNEZ Rk, BR2AE i, 2017, 62: 1520-1526
Shi X D, Wang W, Jin H J, et al. Transport properties of graphene field effect transistors (in Chinese). Chin Sci Bull, 2017, 62: 1520-1526, doi:

10.1360/N972016-00740

© 2017 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




H Hi AT i A B A7 280 30 b R K £ DL SIO;
M2k )z . SO HLH EE RS, SRR,
L2 B el N ) — o R B, W B kA A
M DA RS A L B 2 S AR M B (0 Tap0s, TiO,, AlLO3
VWENMMA )2, [RIFESAE T s 20 0 L TR,
H RBHETE S AT GBI A ER 4 Fi R AR 5 A i B 28,
X A MR LR A ThRE R i — b o kML AR E
FEWFFE LA = A L U T apOs Ry Ml 48 25 J22 1) A 550 S 5K
I SRS I B 2R, PR R TR L IR
TR L i [ B 2 55 L 2 MR RE AT T R AE S5 0 #r, TR
T 5 1 S5 KM 5 308 8 %o e e ) 5

1 BEHRGi%

AR SC T ) B 11 A B 0 S 80 i R A T R LRTOR,
HoAel RS A BHE FI RS JE5 cmx5 cmiW I TORE 5. 1 56,
XTI TOBE B AT Ve, H HAR VKA 22 857K . I
T h & A IEBEL0 min, 258 oK mhgE I AR
T, RHEABEZ T2 6 & TOM il 72620 A 45
I TOME R | L F AR 2K P Ta Ot 46 25 2, 78 K Rk
JH v 26 TaoOs by K (46 5 4 99.99%), 4K JiE BL25 BEAL T
3x10™ Pa, LA % H0.5 nm/s, JTFLERE 1140 nm.

SR P UL 45 5 7 1A 1 i b 24 A U (plasma
enhanced CVD, PECVD) r k7S A B L i A
KoaBim. B, Bk R IR L8 Tk, N
B AR R T YEL0 min. T YEJE AR F I L TR
7542180 nm/EMERRE, VR MR A 2206 1 4R ik
. AT B A RE H LA PECVDIEE N, AJE I
M T2x107 Pa B G, KK FHEE600°C, T
MR R REArAUR, Hi 80 scem; ZJEi#EA
KB B, 18 A CH 5 H,, Hoifi& 43540, 2 scem,
K ER450 Pa, fiHE-50 V, SHBILI#200 W, 4K

(a) [Au(S) Au (D) (b)
Ti(S) Ti (D)
Graphene i
Ta, 0 il
ITO (G)
Glass T

B 1 (MMUE @) A SRR AR, (@) SRS 2k,
(b) S R BE IR
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optical microscope image of the graphene field effect transistor
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Figure2 (&) Electron microscope image of graphene on anickel film; (b) Raman spectra of graphene transferred to Ta,Os
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Figure3 (Color online) (a) Output and (b) transfer characteristic curve of the graphene field effect transistor
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Transport propertiesof graphenefield effect transistors
SHI XiaoDong, WANG Wi, JIN HuiJiao, YIN Qiang & REN LiPeng
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Nowadays, integrated circuit design and manufacturing level is one of important symbols to evaluate the industrial
development level of a country. Silicon-based metal oxide semiconductor field effect transistor has an important
application in large-scale integrated circuit, and its specia size has reached 14 nm. However, further miniaturization in
reaching the silicon physical limits of 10 nm channel length. Graphene is one of the most promising materials to replace
silicon. Due to its outstanding performance such as ultrafast carrier mobility, excellent mechanical strength and high
transparency invisible light region, graphene is regarded as one of the vital next generation electronic materials. In recent
years, the rapid development of the preparation technology of large area and high quality graphene has further promoted
the research of new electronic devices based on graphene, which has attracted wide attention of researchers in the field of
integrated circuit. Graphene field effect transistor has fast response rate and high cut-off frequency, whose feature size
can continue to narrow. Therefore, the study of graphene field effect transistors has very important significance for the
continuation of Moore's law. Currently, SIO, is generally used to the gate insulating layer of graphene field effect
transistors. The dielectric constant value of SiO, is lower, which leads to higher power consumption of the device. When
the thickness of the SIO, gate insulating layer is reduced to a certain degree, the device is easy to breakdown. However,
when the semiconductor materials with high dielectric constant (Ta,Os, TiO,, Al,O3, €tc.) as the gate insulating layer, the
device can obtain higher mobility in the operating voltage as low as possible. This is an effective way to solve the high
power consumption of the device. Although graphene field effect transistors have made some progress in the preparation
and performance, the existing field effect transistors based on graphene have no obvious advantage in carrier mobility
and current on/off ratio. Accordingly, the research of graphene field effect transistor will be the main direction of the
field of integrated circuit in the future. In this paper, the graphene field effect transistors use ITO as the gate electrode,
Ta,0s as the gate insulating layer, graphene as the active layer, Ti/Au double-layer metal as the source/drain electrodes.
The results of electrical properties measurements and analyses show that the graphene strip isin good ohm contact with
source/drain electrodes. At room temperature, graphene field effect transistors exhibit an unique bipolar characteristic.
The mobility for hole carrier is about 2272 cm?(V s) and the current on/off ratio is about 6.2. The hysteresis phenomenon
in the transfer characteristic curve is observed, which becomes more obvious with the increase of gate voltage.
Meanwhile, the effect of the temperature on the characteristic of the graphene field effect transistor is studied. With the
increase of temperature, the Dirac point voltage gradually shifts to zero point, and the hysteresis phenomenon becomes
more and more obvious. The mobility for hole carrier and the current on/off ratio achieve optimum when the temperature
is 75°C. The content and conclusions of above may provide a reference for further research of graphene field effect
transistors.

graphenefield effect transistors, mobility, current on/off ratio, hyster esis phenomenon, temperature
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