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Abstract
Metamaterials generally consist of artificial structures which are smaller than their corresponding
electromagnetic wavelength, and have the feature of exhibiting exotic optical phenomena, such as a negative

refractive index.
expensive.

method of metamaterials.

The conventional fabrication techniques of metamaterials use a focused ion beam system
(FIB), electron beam lithography, a nanoimprint and so forth.

However, these systems are highly developed and

Another technique using printed circuit boards (PCB) is favorable in cost but requires a rather
complex process of exposure and development for patterns.

We have devised a cheap and easy fabrication

This method is known as a PCB making technique using an iron and a laser printer.

We have fabricated frequency tuned metamaterials with split-ring resonators (SRRs) for microwave bands and
metamaterial inspired antennas (MMIA) for wireless LAN to promote greater utility by a simplified method for

metamaterials fabrication.
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(a) (b)
Fig. 1 Fabrication processes of a conventional print circuit
board (a) and present toner resist method (b).
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Fig. 2 Schematic diagram of the pattern transfer process.

(http://fullnet.com/~tomg/gooteepc.htm 2> Ff)
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Fig. 3 Schematic diagram of the heating press system (a),

hydraulic press and heater (b), and heater controller (c).
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Fig. 4 Designed U-shaped SRR to characterize the
performance of the toner-resist process.

Fig. 5 250 um U-Shaped SRR patterns printed on each paper.
The scale of the pattern was reduced by 10% down to 70%
from the original size (100%). The bar shows the 500 um

scale.
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Fig. 6 Fabricated 250 um U-shaped SRR.
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Fig. 7 Schematic diagram of designed double-SRRs.

AN 433 % Table 1 12779, 2 # SRRs D ERN B
oy T LL TR Pendry O VL 0 B L7z,

3)

4

U lX B ZE B R, p X FERB R
B3, rimR#&,ci)/&%, d 1V v iEE, 1
=y MNESFHBEE, ClExy o2, p 3k
PR, NEaH)IZHEMREEY -0 78 Thsh. o
T H SRRs 2K L CHQB) &L v B L7- BB IL Fig. 8
WRT L ARG AT MV ERT.

o IFASFE DM JE

Fig. 8 Calculated relative permeability of fabricated
double-SRRs with resonance frequency of 2.45 GHz.

EREREH N H — S X MR E B L £,=2.45GHz 2®
oD & o ICHERE KR EIZ#/E L7 SRRs % Fig.
9 TR,

Table 1 LR 8 3% £k £,=2.45[GHz]? SRRs O % FHE
LR JE L £ 2.45GHz
WY 7 fr 4000um
U7 c 1700um
V7 kg d 200um
SRR £ J5 Il & a 16000pm
SRR & %75 1n] el I 1 500um
Wk 7 7 X~ I fp 2.73GHz

Fig. 9 Fabricated double-SRRs with resonance frequency of
2.45 GHz.

AMIE L7287 — o E B (Fig. 9)% 10 fiERZb D& E
WEX~ A 7 nEEENICEY PLRry hU—2 7
F 7 A P (N9923A, Agilent Technologies)% V> T & &
B DRI 24T - 7=, WIE S AT LA DSBS E % Fig. 10
W BUEITIE AR G B8R o~ A 7 o i E 2
(Fig. 11)7&)59 Wz v — R S b=68.5mm, IF a=123.2mm
ThY, it K 22GHz LT O®EY, £ 1.2GHz LLT O
WILER SN D L) ICR->TRY, NEITHET—71c kD
A RXRIREAT> TS, LhL, ¥y — v HIROHEH
T =T ORI LI o TRFBEINDAEL D120, HET
SZEOWENET HIBE T, AR A TR0 7.

WIHTHDH SMA -2 —IFILDE ) R—)ILT T %
24GHz THIETH L 9 ICHFHE L2 b DO T, £ I3 c=29mm
ThD. PERITES %-15dBm(=0.032mW), 7 — F % =+
Sns \ZEXE L7e.

Network analyzer

Microwave cavity

Fig. 10 Overview of transmission characterization system at

microwave frequency.
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Fig. 11 Homemade microwave guide cavity with monopole
antennas for microwave transmission and reflection
measurements. (a) outer view with input and output SMA
port connectors, and (b) inner view with dipole anntenas
connected with SMA connectors.
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Fig. 12 Schematic diagram of measurement system for
transmission and reflection spectra of fabricated

double-SRRs with resonance frequency of 2.45 GHz.

Fig. 13 Measured S,; of blank and double-SRRs with

resonance frequency of 2.45 GHz.
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Fig. 14 Fabricated antenna patterns on substrate after etching.
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Fig. 15 Fabricated MMIA (MetaMaterial-Inspired
Antenna) connected to SMA connector.

Fig. 16 Simulated and experimental reflection coefficients
of MMIA (fabricated MetaMaterial-Inspired Antenna).
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Fig. 17 Wireless LAN experiment at 2.427GHz within
laboratory room between router and PC with the distance
about 3.4m.

MM LAN OFEBRERBE % Fig. 17 (2. (EH LA —2 1%
WN-G54/R4 (I-O DATA), PC % Inspiron 620s (DELL)Z i L,
#)3.4m OERECIT o7, BIELIEY T F &Y 3 (PC)
DOWEHR LAN O7 7 & L THWERR, R Eko4
N HITH b BT, BN TR RO MR LAN A€ /
R—=NT T FHICE R OVZERENG N, T TF 0
FBIEIZ X > CREBREDK FOHGETE, RIS VLT H
MR T& 2, £, BRAL—ZIZZOT7 T FEHOT8E
TITAERHENEL, T/ R —AT T It oT.

5. TIOIANIWYEEAZIITTY 7ILIERA~AD
BRE

K0 & B O BRI IR A~PLET 21201E, K0 Sk
AR T U T NMEEELLEN D D, (ERATRE e i
A X I LICHICT 22— 7Y X THS
NHMBIEZERLS THZERNATH D, A% TIdRx
F R 1200dpi O Y X VTV D, BIEICE
VNTUE 2400 X° 4800dpi DY U ENER LTV DH. T D
DL ELRLMMEER DS Z ENAEETH D L F R
5. SA~OEREICEE L CEAN R KA ET 572513,
SEWERH D 2N D b WEBEREE RS, & OmEWE
LOKIEME R QMR « FIFEIRF I R 5 2l = — Mo &
DIFEWR 2N N T —Z2EE LT WHKTH S
UbagEeode, RMERFIETIIRESHITTIO
DERNBINE =2 DT TRAELELTND.
a)7 U U FEOVERE - RBE, M —BOIAN Y RKIE
mE - FITHEM T T —Z A
bR EMLEE - N — K, MESCa— MEEkYE -
bk a—wrTT—HK
)y F T NF—BRE, VA Koo F, "Fx—r
va—h - Fllba—~vr T —HH
MBI OSEICITa A PO EREZHEW, K@soH
MThDHMIECHEICEIETREE VW OIlRE L FL—F
F7 ORERIZ D

6. F&H

L—W 7V e W EBRA X ~T )T VO 5T
VeI IE DML AT - T2, REF L2 % — v DB 2D
Wl e (RS O PE EZ ATV, /T 250pm O U
5 SRR OERUT RS LT, B BT i 2 k& L CTa—
METH D~y MRIZHEE L, 30~50kg/cm D+ )T T,
140~150°C THIEAS % & & CRIF R 2457, (BT
X5 A XITIREIZH DS OO 1T 50X 50mm? O+
A RXDIEBIZH T IV A —=FDRE— 2 OERINAHET,
M= L~ L TOREIITAHTHDL Z &2 FiEL .
Tz, RPEOREARN 2 BUEERBE I CZ2Ali72 T T
bHHEEZON, MEEEDHERIBICBNTAZ T
V7 NOREZBUTRBRICFES T o252 F 7.

HEF
IELIZAZ~T U T AVOMREFMICE LE LT, K|
TSN TSt/ a C A e S R A D= B



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

PN — - BB IEA -

SE Xk

V. G Veselago: The Electrodynamics of Substances
with Simultaneously Negative Values of ¢ and p, Sov.
Phys. Uspekhi 10, pp. 509-514 (1968).

J. B. Pendry, A. J. Holden, W. J. Stewart, I. Youngs:
Extremely Low Frequency Plasmon in Metallic
Mesostructures, Phys. Rev. Lett. 76, pp. 4773-4776
(1996).

J. B. Pendry, A. J. Holden, D. J. Robbins and W. J.
Stewart: Magnetism from Conductors and Enhanced
Nonlinear Phenomena, IEEE Trans. Microwave Tech 47,
pp. 2075-2084 (1999).

R. A. Shelby, D. R. Smith, S. Schultz: Experimental
Verification of a Negative Index of Refraction, Science
292, pp. 77-79 (2001).

Ting Xu et al.: All-Angle Negative Refraction and
Active Flat Lensing of Ultraviolet Light, Nature 497,
pp. 470-474 (2013).

Filippo Capolino, “Theory and Phenomena of
Metamaterials”, CRC Press (2009).

Costas M. Soukoulis, Stefan Linden, Martin Wegener:
Negative Refractive Index at Optical Wavelengths,
Science 315, pp. 47-49 (2007).

Martin Wegener, Stefan Linden: Shaping Optical Space
with Metamaterials, Phys. Today 63, pp. 32-36 (2010).
Boltasseva, Vladimir M.  Shalaev:

Fabrication of Optical Negative-Index Metamaterials:

Alexandra

Recent Advances and Outlook, Metamaterials 2, pp.1
-17(2008).

G. Dolling, M. Wegener, C. M. Soukoulis, S. Linden:
Negative-Index Material at 780nm Wavelength, Opt.
Lett. 32, pp.53-55 (2007).

11)

12)

13)

14)

15)

16)

17)

18)

ARSI

Wei Wu et al: Midinfrared Metamaterials Fabricated by
Nanoimprint Lithography, App. Phys. Lett. 90, 063107
(2007).
Fuli

Negative-Zero-Positive

Carbonell:

Index in a

Sylvain  Potet,

Refractive

Zhang, Jorge
Prism-Like Omega-Type Metamaterial, IEEE Trans. on
microwave theory and Tech. 56, pp.2566-2573 (2008).
H. X. Araujo, S. E. Barbin, L. C. Kretly: Metamaterial
Cell Patterns Applied to Quasi-Yagi Antenna for RFID
Applications, IEEE Radio and Wireless Symposium
(RWS), 383 (2012).

S. R. Bhadra Choudhuri, D. R. Poddar, R. Ghatak, R. K.
Mishra: Modulating Properties of a Microstrip Patch
Antenna Using Complementary Split Ring Resonator,
Antenna Technology, 2009. iWAT 2009. IEEE
International Workshop, 1 (2009).

C. Caloz,

Metamaterial

Overview of Resonant
Antennas, IEEE
Propagation EuCAP 2009 3™ Europian Conference, 615
(2009).

Xiaoyu Cheng,

A. Rennings:

Antennas  and

David E. Senior,
Yoon:

Cheolbok Kim,

Yong-Kyu A Compact Omnidirectional
Self-Packaged Patch Antenna With Complementary
Split-Ring Resonator Loading for Wireless Endoscope
Applications, IEEE Antennas and Wireless Propagation
Letters, 10, 1536 (2011).

N. Zhu, R. W. Ziolkowski, H. Xin: A
metamaterial-inspired, electrically small rectenna for
high-efficiency, low power harvesting and scavenging
at the global positioning system L1 frequency, Appl.
Phys. Lett. , 99, 114101 (2011).

Yingquing Xia, LinWang: A Wireless Sensor Using
Left-Handed Metamaterials, Wireless Communications,
Networking and Mobile Computing, 2008. WiCOM '08.

4th International Conference, 1 (2008).





