16a-Z31-5 HESEGANBEAES LM MES BEFHE (2021 £V 51 VEHE)

THz-TDS EBREEZRAN-EREBETIVIZEKS
7357z VOESIEE
Characterization of Electrical Properties for Graphene by Electrical Circuit Model

with Transmission THz-TDS
IMERET Y, PNP?, &WMAKEIS RXL—Y—#*
OMOIERR $hiE ' BH BE 2 M E—BL X #E?2
M &&: pIF FRC IR WY RAK F!
Ritsumeikan Univ. !, PNP?, Meijo Univ. 3, Osaka Univ. *
°(M1) H. Suzuki!, T. Fujii*?, S. Mouri?, T. lwamoto?,
Y. Ueda?, S. Naritsuka®, M. Nakajima?*, T. Arakit
E-mail: re0107hk@ed.ritsumei.ac.jp

Fox D7 N—7TlE, THz BEBEE ) Y6 (THZ-TDS) 2 FIVW T 1~3 THz O R ECH T o8k
HAEARIE(INN E)OBERUEHEEE v U 7%, BRI, HPUR%E) 2 It - FEE CRHITREZ2 F
EEREELTBYVE, COFEOS T 7o ~OWEMAEZ LTS, THET, HxlZr57
=%, B 0.3nm O 3 IThEE & B 2 OLFEMRENT 21T > T 72BN, ZOFT IV TIHER
DOTWIREAR, 77 7 = OFNEENERFFEICRE REEZADE W RERRH -T2,

TIT, AEL 7772 ORS EAPERIEKIFLENETVELT, 777200
— B U R 2y b O NE X DR LT O BREIE T AR VLT, EBREHE O 217
ST, WEIX AT R OFEE THZ-TDS % AV, RO L EH % B8 U7 ffhr 2 £t L7z,
T 7 AT MO AR T T = UBFET D ERUE L, Sz Snell’s law | THz J& R ECHE
T3 @ Fresnel equations (& & 2 43 Y@t 2 L 7B, X 512, Drude model Zi#EH 352 Lickb, 2
WOt v U 7 EFE & HOELIRE [ A B EEE

BT IE CVD ETEA S0 D r @Y 7 7 A 7R EAmEIC, BEERELZS T 70 E
WI2H Fig L ICHIEY o SV OIENTE T L &7, Table 1.2 THz-TDS & i FiEIC K 5 JEHEk
HE DY — MEHUER R %2 /RT, Fig.2.,2 THz-TDS HIED > — R+ U 7 & BELEE 2 3
TA—RE LT T 4T 4 v TRERERT, 2, WMEREIEIR Y IV ERELZHDOTH
5o ZOLOIZ, AFRETORMRITIBELR—HL, EBEHWLZ L, V7772 DOER
Rt 2 SR RECTH D Z E Nbhro T,

Graphene  Sapphire Substrate } A R2=0.95
T figap n : = K
Free Space: : ‘ i Dsap /Zl (O : Aoh A A i
- : Tl || a——f--t==s=m=a= B = | | N A A A
Ny )y O ! Impedance L=t4| & w{/{ L FRERRA Eﬂ 2 -
.C4— Detector | E1 Zg Zsap| ¢ IR H J‘X\ {t H [ l A A
t—bj—b (2] [t * Snell’s law 2= | 3 ‘jT‘ "“.‘H}‘ it 111 I g :H“k
— | 1 ",i;&:h» HURAAAITANANRT (AN,
il Sy . P Fresnel equations g HRTRY vy ‘,: 1:’ \CRUBRTAT ‘J 'é 1§ %
3 dsa . V= 27, _ 2ny o [ V V VY VYV V “j Y 'J Y \j Y ‘U
.'—L . dsap Zatto np+iisa +ﬂgﬁl =
b) G 1 Fitti
(a) ( — Fitting
Fig. 1. Analysis models e i

(a) Wave propagation in the optical system with Transmission %o 12 T
THz-TDS (b) Signal propagation in an equivalent transmission Fig.2.Transmissirgzu?gryGr;phene/Sapphire

line circuit with the impedances Fitting parameters
Table 1. Graphene Electrical properties Sheet resistance: Zg:Di’(A\
2T
Transmission (S—
Measurement methods Eddy current . e2vg. /TN
THzTDS 2D Drude weight: p,=—5—>
2D-Carrier density [em™?] 3.1x 102 (Fitting) .

— — Mobility: p =—YEEL
Scattering time [fs] 37 (Fitting) h /TN,
Sheet resistance [Q] 1.1x 103 (Calculated) |1.3 x 103 (Measured) Fermi velocity: ve = 1.0 X 10°[m/s]

-~ - Electric charge:e = 1.6 x 107'?[C]
Mobility [em?/(V - s)] 1.8x 10* (Calculated) Dirac's constant: A = 1.1 x 1073*[] - 5]
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