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Active Modulation of Optical Properties of

Terahertz Wave using Graphene Metasurfaces
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2.2.1 299 9EelEH

A HEPEHS 7 vpolAE AR} 7)1 A A A8 (Microelectromechanical
system, MEMS) 7|&& AFg-sto] A28kl (2§ 2.6). WA, 229 wlepsid
ol Z#o R ALH= EEoln= £ (PI-2610, HD MicroSystems) & 2 €]
Z dlols Sloll 29 IR EHM, 1 um F/AE HREE stk ol 5 A& el 21
Al wlo]7 Aol ootk Az EgolnE & flo sdE A% 3" VEs
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English summary

Active Modulation of Optical Properties of

Terahertz Wave using Graphene Metasurfaces

Sodam Jeong

Department of Physics, University of Ulsan 44610, Korea

Active control of optical properties of terahertz wave 1s an important
role in various fields such as next—generation wireless communication,
medical equipment, and spectroscopy. Specifically, the active manipulation
of terahertz wave transmission and reflection amplitudes, along with
polarization, is anticipated to substantially enhance the scope of
applications for terahertz waves. In this paper, we explore a methodology

for the electrical control of terahertz wave optical properties by integrating
metasurfaces—a two—dimensional artificial structure—and graphene, a

two—dimensional material.

First, we designed a phase retarder that can effectively control the
polarization properties of light. Along with the fabrication of an isotropic
metallic metasurface with strong capacitive coupling, we patterned
graphene into one direction in the electrode gap and electrically controlled
its optical conductivity to adjust the refractive index. The metasurface
incorporating bilayer graphene demonstrated the conversion of incident
linear polarization into circular polarization with a 90—degree relative

phase delay, indicating its applicability as a quarter—wave plate.

Secondly, we implemented an active beam splitter that can effectively



adjust the transmittance and reflectance of the incident light. Typically,
terahertz beam splitting is achieved based on the impedance determined
by the doping level of a silicon wafer. However, beam splitting is limited
to some extent due to waveform duplication and distortion from the
Fabry—Pérot effect within the relatively thick beam splitter substrate. To
address this issue, we used a polymer as a substrate and applied a
metasurface that resonates at a frequency higher than the operating
frequency. Additionally, graphene was integrated, and the optical
conductivity of graphene was adjusted via gate voltage to measure the
transmitted and reflected amplitudes. As a result, efficient splitting of
incident light without dispersion over a wide operating frequency range
from 0.5 to 1.5 THz was demonstrated, along with effective control of the
splitting ratio ranging from 50:50 to as extreme as 40:60 or 77:23. The
proposed method for actively manipulating terahertz waves using graphene
metasurfaces is expected to significantly enhance the performance of

terahertz components and enable their miniaturization.



	목차
	제1장 서론ㆍ 1
	1.1 연구배경ㆍ 1
	1.1.1 테라헤르츠파ㆍ 1
	1.1.2 테라헤르츠 메타표면 소자 및 연구 현황ㆍ 2
	1.1.3 그래핀의 광학적 특성 ㆍ 3
	1.2 연구목적ㆍ 4
	제2장 메타표면 소자 설계 및 제작ㆍ 5
	2.1 그래핀 메타표면 설계ㆍ 5
	2.1.1 위상 지연자ㆍ 6
	2.1.1.1 위상 지연 계산ㆍ 8
	2.1.2 빔 분할기ㆍ 10
	2.1.2.1 단층 그래핀과 그래핀 메타표면의 비교ㆍ 12
	2.2 제작 공정ㆍ 14
	2.2.1 그래핀 메타표면ㆍ 14
	2.2.2 그래핀 마이크로 리본 패터닝ㆍ 15
	2.2.3 유전체 이온 겔ㆍ 16
	제3장 실험 및 결과ㆍ 17
	3.1 테라헤르츠 시간 영역 분광법 실험 장치를 이용한 그래핀 메타표면 소자 측정ㆍ 17
	3.2 실험 결과ㆍ 18
	3.2.1 위상 지연자ㆍ 18
	3.2.1.1 단층 그래핀 메타표면ㆍ 18
	3.2.1.2 이중층 그래핀 메타표면ㆍ 20
	3.2.1.3 편광 상태 분석ㆍ 22
	3.2.1.4 그래핀 메타표면의 추가 설계ㆍ 24
	3.2.2 빔 분할기ㆍ 25
	3.3 그래핀 메타표면 소자의 특성 분석ㆍ 26
	3.3.1 빔 분할 비ㆍ 26
	3.3.2 빔 분할기의 광대역 특성ㆍ 28
	제4장 결론ㆍ 29
	참고문헌ㆍ 30
	영문요약ㆍ 36


