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We are focusing on graphene, a one-atom-thick two-dimensional carbon sheet, as an
electrode material for optically transparent antennas. In this study, we fabricated graphene
films with a low sheet resistance of 80Q /sq and a high optical transmittance over 90% by
stacking graphene films and carrier doping. We fabricated and characterized the optically
transparent monopole antenna based on the three-layer stacked and carrier-doped graphene
film. We demonstrated through the characterization of the antenna that the graphene film
behaved similarly to metal. Furthermore, the radiation efficiency of the antenna was 52.5%
which is comparable to half of that of the metal antenna.
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X 1 @ISR T LD ITRER T O 2 RITTWRNZ I AEETHE I NS, DT 1
BOEED Y — MRMETH D, BT v ) 7TRBEE., SuilditEmss, @z
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3.2 FRALIF7IVE/R=NTF T TOEREFM
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MHFETIARL Y F UV T o lfo TR BT 7 elE Ll WHEZx NI VTS
T4 EAUTZ Y F VTR, 57207 YT FI LAY MEEKLEET,
TFSA/1-butanol W Z B A LI XYV 7T F—YX 72 L7 VB L 727572V F K
— V7T FERAIIRT, ZRHE LT, 97207 7 F EFEEIRD Au (RE -
500 nm) Z Mk E 5 E K=V 7 7+ HER L CHESHM 21T - 720
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VESL L 7= 3 @G 7 5 7 = » DB 2 R — VAR EIC X o TEME L2265 5. ROt
WM TOERFELIE LB RERLIICEF LD, £1IZE, FYx U T F—=YE 7%
LTWiRW(F—7HLU)HECVD /5 72 v L 3@BEES T 7 2 VIEORED I TOR
LTWb, FAIMERT 285 CVD 79 7 = i p BmEMZ/R L, F v TIRIFEFLGR
— V) THDL3EHEET LI LIZE Ty — MEIIA 750Q/sq 75 580Q /sq (KT L.
BICR—EV 72T 2L T 3B(F—7AHD)OF ) TEENIB(F—7HL)
EHAK IS AL, WIfRE) oRuEr ) 7 F—Y Y ZREHLENTEL, F

K1 AR IVERIRIGE & Z 5 E DR R

HfE (F—7#L) |38 (F—7#L) |38 (F—7aY)
v — MEHL [Q/sq] 750 580 80
*¥x V) T7HEE [cm?] 6.4 x 1012 4.5x1012 6.6 1013
BEE [cm?/Vs] 1,320 2,380 1,180
EiEHE (550 nm) [%] 96.8 90.4 90.1
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B4 T BUROBRE AN F VR 8 e | | |
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7571 WA SBEEY ST 70400 - - — J
DRF—Er 7ﬁff (Pristine) N %fﬁﬁ‘ 3 Eh Wavelength [nm]
7772 DR=Y 7% Doped) s K gy (BB EES KT YT O
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N7 MVThb, WET T 7z TIEHH W72/ 72 BWE)R—NT VT F

E LT\ 97 % O o #3208 B 4R 12
bloTHLNTVL3EEE Y5 72Tk, F=Y Y 7icBI2E88KGEE
550nm) ¥ 3 @RI T 90.4% CTHo72h5 F—E U FHDARY MUIE K=Y ¥ FHitkIC
BOTHHURTIHIZ & A EZALAE <3 FERUE OZE#= (13 550nm) 13 90.1% TH - 72,
LI, BEE F—E U 72X oTy— MEILE 80Q/sq T TR ST T 72 v
B2 BT, 90% P oI BOEE B AHERE S 7z,

4.2 JF71VF)B=NT T OHE

4 5 (a) (s L 7 SR g (1S ) 27”976 7 (a)
T7 2T VT FEPETEIA AuT VT g
DTF—=F 2R LTWb, KFEFERIZT T 7= a3t
7 ¥ 73+ Ti26.7GHz(-8.3dB). AuT7 ¥7F+ 2
Tl 11.9GHz (-10.1dB) THER S L 7zo WIS, -5_9» s
DToXZHWTHEB LA Y E=F 2 X o
Zin 2 5(0) IR T o L : : -
s, = Z.l-n - 50 (b) Frequency [GHZ]
Zin + 50 50 : . :
ZIHBANA Y E = Y ADER Im(Z,) S
BETE R BIREWER LG, 57Ty gl b
7+ T2 9.8GHz, Au7 ¥ 7+ TiE6.3GHz ~N T ’
ThbEPELT e
X 612, ) RICBIT S 6,8, 10GHZ TD =3 :*wawm -
797277y KON Au 7 VT F Ol Frequency [GHz]
85 =2 &ART EEETMT HIERHT 5 () s 150l (0) AJiA v E—5>
MLTWoe 77722 T YT EAUT VT 2(Z) G 7F7 2y, H A

FORG N5 — 2 % F UHERTRIERS &,

O—7Hz2E0 TGS = ORRPBBIZ—HLTBY, (B LT TV
TFBEET VT F L AROBEBEORBENE L TVWDEEFERS, 2O b, il
HOGBT T FLFMRCT VT FOHN A X2/ THIETHVEEBRTEHET ST
YT FOERSHRETH D, 5G THDbN L BEEEW TS 2 EH ST 70T VT
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Pe%0(6.3GH2z) 128 5 H)75(2.8dBi) £ ) B Frequency [GHz]
3.2dBifv L o720 RIS, RAT—F  m7 mAKEAMICBILMEGR: 757
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W7 > 7 F05 500 EDEEORNEW LR AuT v 7T F DB XZF 50%(3dB) O E IS
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K2 RRFIRE & IHRBEL S, BT B FIf

757 VT VTF AuT VTS Au EFEE D H
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R AFIS
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. N é':‘(
v * (9.8 GHz) (6.3 GHz) (12.9 GHz)

%3 A T—F v T K o T L2 O, S, R

JBURHEST R, BRI R, JRFZhE 7
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AuTvTF 115 Q 0.5 Q 95.8%
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TSI L > Tr I 72 VEWT V7 FFER T T nW/iZ L2 RTHO
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