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B SE A RIAE AL M E R A . 457, BN AEE CE
#RRAREFNH S Z 2L EESE. A, EEEKRE, EFERAE
FE 48 R 2E RO A AU R 2 — RIVFT IR . MR DU REX SIS, fRE
FEL 2 B A Ve T W o K SR R ML

P EARER KRBT L, WK BRI A=A B M 19 R
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(Pendry, 2000; Luo et al, 2004; Zhang et al, 2005), UARAEEHTH M XHTE
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® E Kretschmann, H Raether. Notizen: Radiative Decay of Non Radiative Surface Plasmons
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radiative Surface Plasma Waves in Silver by the Method of Frustrated Total Reflection. Zeitschrift
Fiir Physik, 1968, 216(4): 398-410.

® D L Jeanmaire, R P Van Duyne. Surface Raman Spectroelectrochemistry. Journal of
Electroanalytical Chemistry and Interfacial Electrochemistry, 1977, 84(1): 1-20; M G Albrecht, J A
Creighton. Anomalously Intense Raman Spectra of Pyridine at a Silver Electrode. Journal of the
American Chemical Society, 1977, 99(15): 5215-5217.
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(Extraordinary Optical Transmission, EOT)D: /NFLEEF 935 5} Z3m K T2 duh75
BTSSR ZIR G T FARFMRAKE, FAETRELERKRESE
G F AT S HO AT, b TR L BBATH R85 T HAREP, [ERBT X
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424(6950): 824-830; X Luo, T Ishihara. Surface Plasmon Resonant Interference Nanolithography
Technique. Applied Physics Letters, 2004, 84(23): 4780-4782.
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4F Yablonovitch 1 Jone 43 A\ B R A ADE T /BB 75 I T 1 S A%
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FEME: RWURR L B K R

BRI S E T ARRET S Ash, 3K R 5 40w A4S 5 0 A R
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K5 H oA ST S M B R R BE5E T 26Rt . 2001 45, Smith FRHE Pendry
AR, AN S REN S BT RS WA S, wiEhit R EE—
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@ E Yablonovitch. Inhibited Spontaneous Emission in Solid-State Physics and Electronics.
Physical Review Letters, 1987, 58: 2059-2062; S Jone. Strong Localization of Photons in Certain
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Negative Index Materials. Nature Materials, 2006, 5: 759-762. »
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Review Letters, 1996, 76(25): 4773-4776.

@ J B Pendry, et al. Magnetism from Conductors and Enhanced Nonlinear Phenomena. IEEE
Transactions on Microwave Theory and Techniques, 1999, 47(11): 2075-2084.

® R A Shelby, D R Smith, S Schultz. Experimental Verification of a Negative Index of Refrac-
tion. Science, 2001, 292(5514): 77-79.
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TSR SO R AR AR — AR R L, X4 WA IR A B HE
B T EANTE MR R . BZBRM L7 TREER Munk X Smith S8 H K it
it AR T REED, $5HHAE Smith FIBEFEESZIOh, PHEHRE S TS 37 It 5
te Teflon I+ AR BT SIAMIGRAE N T 14~20dB, FIA i 525 38143 2 i
T 3 A R R LT 5 . SR, fEEERVFS S50 45 3R WA S 4 5t i 5
BERTLAKIESR G, A TIALAR T Munk $REED . thah, Valanju 25k 7EH A BRI
TS ADR A S AL, TR (0 A4 7 ) RAEVS IE 5 WA @, {BIEW Pendry
M, Valanju ZEE T &SURRTHETT 24K T RERERE T R@, N T
MIRMS®.

2006 4, BMEHITTFTES T EEHRE . Pendry 1 Leonhardt AR T H
523 1) (1928 $e B8 (Transformation Optics, Z8#62)® . Pendry Tl 45428 #6
FREAR, ATSCEL chpR S FRA RIL HERMIThAE, JFRERIYS Smith &
VM BOEERIAE®, )G, KEXT Bty M BBk mEidR
HARRE, 820 T B A TR R, SRR 2 KA TR R AT B
TFREM o

E=HrE: TR KEEFHRAEOMS

RSB TR T S A — TR ER M BT REWTIL, THE MR A&
s B AT BER AR B o SRR, IX LU ST AT B AR M e i BRI
o Bboh, MEBEMEBLEH, RIFE T T 5 A EH AR LR
FORhEr, e LAEAT ™R X oo D T SEAER S BRSE R AR, MK HR A AR —
MBS BN B R EZ.

P A LT R 30— S A DRAE R T 55 B T AR AL . LA FH 2 78
b R T 55 S A SE B AT BB il 2000 4F, Pendry $H T “Hidfrif 56 R&E

(D B A Munk. Metamaterials: Critique and Alternatives. Hoboken: John Wiley & Sons,
2009.

(2) J Valentine, et al. Three-Dimensional Optical Metamaterial with a Negative Refractive
Index. Nature, 2008, 455(7211): 376-380.

3) P M Valanju, R M Walser, A P Valanju. Wave Refraction in Negative-Index Media: Always
Positive and Very Inhomogeneous. Physical Review Letters, 2002, 88: 187401.

@ J B Pendry, D R Smith. Comment on Wave Refraction in Negative-Index Media: Always
Positive and Very Inhomogeneous. Physical Review Letters, 2003, 90: 029303.

% J B Pendry, D Schurig, D R Smith. Controlling Electromagnetic Fields. Science, 2006,
312(5781): 1780-82; U Leonhardt. Optical Conformal Mapping. Science, 2006, 312(5781): 1777-
1780.

® D Schurig, et al. Metamaterial Electromagnetic Cloak at Microwave Frequencies. Science,
2006, 314(5801): 977-980.
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BAATH SRR a8, FER b AT DR S AR AR I T AR B R A 5836
A8 (B 1), Pendry FiH, fEILSHHEREIMINAME T, REMEELHA -1,
EE&BEE (BSEN 1) BT SCEEATH R . 2003 42 2005 4, REFE Tk
TER 2 PR AR e R B #A AR, T SPP B KEE, —E£R
I B ] SE IR R A R I e B AT A E R @ .

B SRR ®

V54K HLREE 7 1) 53— Rl A BRAE A P P8 8 B ) S5 0 HL B 7 VE A 6 B B
I EEREM R . A JE W K221 Engheta F Science 2483 Hg AL R 0 BL )
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FERA UG T-B, S50 DL SRR SC R R T B R T R A SElE AR . R Ry B
PREHEG IS BORME— SRS, B A7 E R A —ANE FH 6 4 vk

(D J B Pendry. Negative Refraction Makes a Perfect Lens. Physical Review Letters, 2000,
85(18): 3966-3969.

2 Luo, Ishihara. Surface Plasmon Resonant Interference Nanolithography Technique; N Fang,
et al. Sub-Diffraction-Limited Optical Imaging with a Silver Superlens. Science, 2005, 308(5721):
534-537.

@3 J B Pendry, D R Smith. The Quest for the Superlens. Scientific American, 2006, 259(1):
60-67.

@ N Engheta. Circuits with Light at Nanoscales: Optical Nanocircuits Inspired by Metamate-
rials. Science, 2007, 317(5845): 1698-1702.

(5 M Pu, et al. Design Principles for Infrared Wide-Angle Perfect Absorber Based on Plasmonic
Structure. Optics Express, 2011, 19(18): 17413-17420; M Pu, et al. Anisotropic Meta-Mirror for
Achromatic Electromagnetic Polarization Manipulation. Applied Physics Letters, 2013, 102(13):
131906.
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W HA R F R AR IR & T AU BT L A B R A RR AR . &
WA SRS BAIBNA RE R IR, KAMEWELEN, EREOFHT
& R LA ROG T A AT DASCER R R 38 A ST S

= K A TR R

BER R R BREALN AR NEI “FHEA TSR B HrEid
A A CTRENAT ZIUAB. EXEKRESMTFAZOEME, 213
xR EAE R KRR T, BHRTCLBMR T — RIS F KA B RE®T.
W 2 Por, B OIS SRS TAER” M bR XILNE
WE RS, EHRE 5 BB AN RE VAR L.

*®2 TEKREFPHEREL

TEGR X T
suargt i ® AT N B s
B B
RESET AR "
RIS T HEB® A BT fgg ;}z&ygﬁ%
R MR S A e
_ i . DREATORT  BEE S
TR 4 T A o A gl
_ . 5| BRI S R
HRMMDOTEARE o mrranramms TN ewmEnes
SNk K1,
BEEMDOEEEES  EAEEEANR  ASEEEAR  MCES. REES
R
TR T REERTNER TR BY. R

] S 5E 3 B A L REIROI

AR, BB MRS AREME . Wik, REAHAAE, A
BT ERAREIH . RS BT BSOS . B R ORI AT S
ARG ERL RN (B RAERNEE /), BRI NITRNER 3P
VLW AER T L5 I AR REARAL, AT SEBUMERA BRI AU ST, TSR T %4t

@ V G Veselago. The Electrodynamics of Substances with Simultaneously Negative Values of
e and p. Soviet Physics USPEKHI, 1968, 10(4): 509-514.

@ A V Zayats, 11 Smolyaninov, A A Maradudin. Nano-Optics of Surface Plasmon Polaritons.
Physics Reports, 2005, 408(3-4): 131-314.

@ K M Ho, C T Chan, C M Soukoulis. Existence of a Photonic Gap in Periodic Dielectric
Structures. Physical Review Letters, 1990, 65: 3152-3155.
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1. REFETEBITH R

e 5t BB S A S AR R R A T W v 25 SR B PR R RS, b e A 2 B
B FIRTE AR PR 1. 1873 4, B D4R HH BB AR B/ T8, £
B S, NIREERIEHIBIEH KL 380nm, HIAESE BB /PR B/ Hae
200nm ZoA7, AT PRI T A% 507 LA RCSE /D RSP AR RAR . 5 BB Ot
IR HE 4 th E B PE T TAEBAMEELRE, M EHL T3 TR
b B840 fin TSR ) R

RIMFETHEARBARE, RN A2 — R8Tt (K 2). 2003
4, FIFARMSE TACZIEARLE 436nm P KERIKB T 30nm KIEZIE, 53]
THRISFHRIR CEBK) (9 1/79. 2004 48, RIS T ERE E82Y . &
UL, PR B AR RN, BRI T T 220m 15 S HEZIO.
i K s g2 SR BE 3 A Ebbesen Z54E Review of Modern Physics E3gHZEAR
ATEY “AegiE e BB BN RITTATHARBAR©, +HILEL¥E Ozbay

(D X Luo. Principles of Electromagnetic Waves in Metasurfaces. Science China-Physics, Me-
chanics & Astronomy, 2015, 58: 594201. ‘

@ K N Rozanov. Ultimate Thickness to Bandwidth Ratio of Radar Absorbers. IEEE Trans-

actions on Antennas and Propagation, 2000, 48(8): 1230-1234. _

® H Yao, et al. Patterining Sub 100nm Isolated Patterns with 436nm Lithography. in 2003
International Microprocesses and Nanotechnology Conference. Japan: IEEE, 2003, 7947638.

@ Luo, Ishihara. Surface Plasmon Resonant Interference Nanolithography Technique.

® P Gao, et al. Enhancing Aspect Profile of Half-Pitch 32nm and 22nm Lithography with
Plasmonic Cavity Lens. Applied Physics Letters, 2015, 106(9): 093110.

® F J Garcia-Vidal, et al. Light Passing through Subwavelength Apertures. Reviews of Modern
Physics, 2010, 8: 729-787.
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AT IR E BT R BITIRE, AR S5 o R 20 KA il i T TR 4544
Biln NaE S . MIESE . AFERI S5 . BUOVRE AL, ATaH6 oo, w20 itk
LR KRR I — oot ot BARREAE — B A L SEBDC A i F ik, #/h
S ER, (BHEEEE KT RN, BRAGEEKR. W5 FRE.

3K L o ) B AR GOt = R AR Fifr . DLRSEBOGFE REHE AL
R T RABMEBARRE . WA G RS Bk B 23 i SCOUER AL | il
A, RUAEAR 2245 5 BN ERSETE . AT i fa] 8 0~ T A W A S5 A%
GO FRGETARZ MM TTH, BMEARENERE. RECFREM TR, {2
HEBOCFRENZ M ERERIRE-

2005 4, LT —HI T REFE FABN KR FHEEFE A . FREE
Ji& B G v 3 1T A5 B 1 A A% R BBl B B AR AR, AT SEBAE R R AE AL TR
AT F8E N7 T R R T A B T O SE A (Metasurface-assisted Law of Refraction and
Reflection, MLRR), W#fA) X315 . 2011 4, Bl Capasso HIZH

(D E Ozbay. Plasmonics: Merging Photonics and Electronics at Nanoscale Dimensions. Science,
2006, 31115758: 189-193.

@2 X Luo. Subwavelength Electromagnetics. Frontiers of Optoelectronics, 2016, 9(2): 138-150.

3@ Luo. Principles of Electromagnetic Waves in Metasurfaces.
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AR O #BEs h e (B 3), W KESWERE TR D ENRENE
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3. FLER

AR RN F R AE AL AP AT R I B B, RASERy . R F85E
FEB IR EWAERAOTEYEST R e A R A EER X, K ES
IS} % A AL R B I S BRI S 2 —, Bl A A A R BEAR T A SEBR A
SFARA L AR ) SRR

—M S, ETEEKEGHHERERRAREES sPP UL AR K
BRNA K. NERE L, BT SPP KEBEAR KB 73 AP F—RERIM
B A ILYR (Surface Plasmon Resonance, SPR) AEYMERH A, FIHFZESE
T 45 12 S e e 0 R A DU A T 5 R BB R S A B S S D' R
B ME ) F BERL B AR AL, BRI AR A HE SN B A T B S ARk . 38 — R Rk
FKEHE 73R (Localized Surface Plasmon Resonance, LSPR) AE¥4& BEH A LL
FHET LSPR IR MR B #S (SERS) iR, FIH /Ezamsstt, AR

(O N Yu, et al. Light Propagation with Phase Discontinuities: Géneralized Laws of Reflection

and Refraction. Science, 2011, 334: 333-337.
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