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Abstract

The change of information technology has a profound influence on people's work,
life and even ideas. At present the information carriers are mainly electronic and
photons. With the development of electronic chip technology, Moore's law is facing
more and more serious challenges. At the same time, with the explosion of information,
people have put forward higher requirements on communication speed and capacity.
Considering that the photon can be used as the fastest information carrier, the photonic
chip technology has attracted more and more attention. In order to realize the photon
integration, various micro-nano photon systems are proposed, such as photonic crystals,
surface plasmon polaritons, metamaterials and metasurfaces and so on.

On the other hand, in order to break through the existing framework and achieve
better photonic integration technology, theorists put forward the design method of
transformation optics (TO) based on the basic physics principle. Normally, light travels
along a straight line in a flat space-time. However, according to Einstein's general
theory of relativity, photons travel along the curve in curved space-time. Similarly, the
trajectories of the photons in an inhomogeneous medium are also curved. Based on this
similarity, it is proposed to control the propagation of photons in microstructural
materials by simulated curved space-time. And all kinds of TO devices have been
implemented. Since TO has been put forward, after years of development in both theory
and experiment, transformation optics has become an important method to control the
propagation of electromagnetic waves and has been widely accepted. In two-
dimensional space, conformal transformation optics (CTO), as a branch of TO, has
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attracted considerable attentions. Because CTO requires inhomogeneous and isotropic

materials, it has a certain advantage over the traditional TO materials. Although CTO

has many novel theoretical designs, it faces a great challenge in experimental
technology. Due to these material processing technology, there are not many works in

TO experiment, especially in visible light band. The creative points of this thesis include:

Based on the self-assembly technology of polymer film and fluorescence imaging

characterization technology, breakthrough have been made in the structure fabrication

and experimental measurement technology of CTO, CTO structures are successfully
realized in optical band, and several specific functions of CTO devices are
demonstrated. The major content of this dissertation can be concluded as follows:

1. The Mikaelian lens is obtained in the physical space by CTO, and this device is
fabricated by using a gradient-index micro-structured optical waveguide technique
in our laboratory. The self-focusing property for geometry optics and Talbot effect
for wave optics are demonstrated in experiment. Further research shows that the
Talbot effect in such a system has a potential application to transfer digital
information without diffraction.

2. We achieve effective index potential as analogy of gravity field by CTO. One
gaussian beam is transformed to one airy beam in simulated gravity field area, and
we observed the reversible beam shaping between Gauss beam and airy beam in the
whole sample area. Finally we explained the airy beam in the simulation
gravitational field by using the Landau method.

3. Starting from well-known absolute instruments for perfect imaging, we design
different types of geodesic lens with conformal coordinate transformation. We
demonstrate that light rays confined on geodesic lenses are closed trajectories, and
for optical waves, the spectrum of geodesic lens is degenerate and equidistant with
numerical methods. Moreover, we fabricate two geodesic lenses, the spindle and
the spherical surface, in sub-micrometer scale, where curved light rays are closed
with high accurate precision. As an extension part, we introduce the research

progress and some preliminary results based on the embedding graph.

Key Words: Photonic Chips, Metamaterials, Transformation Optics (TO),
Conformal Transformation Optics (CTO), Talbot Effect, Airy Beam, Beam
Shaping, Geodesic Lens
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WA I, R HE T BRI B, IR Z AN T RERIRS /1. 2007 4,
K B R S — BRI I [45], BT 80 FES R £ 2 & [ [ 1k
FEIE M BB T AR B 2, FERoR BRI 1.7a s, g i 5 (K 1.70)
TR, Z 2 RN B B 2 R A R D R U, RRIA T Hhsed
G X 3 n) w4, 25 BRIz AR Re T YR (1.7a B X380 R BR LT
fREa B 28, 2008 4F, J. Li A J. B. Pendry B VK42 HLERRE B [46] ML &, X2
—ANIETHEILR AR W VR B 5 S, A A% G P B B XA Sy — A P
A, GE 1.8a BT, KA EE A3 ) — e e X0 T R A 45 S R ) 2 T
ANV, TEWIBE S ()R AE 47 S S0 AR (R bR 15 E 75 B2 R H AR ik b 2 el
BN BN S, AT A S BN B R TR A, IR EASA E AR
PR R A BREVEF . B 1.8b A 1.8¢ 23 RN A7 (E e B SHERIAAFE RS & 21
W00, FRATATLLB S 3 s WA NS 278 55 B B S SRS, BT AnRIE

b i il B EE sURE 5 B SIR S5 1] ¢ T4 BUHEE RS 5 7R [ 14 d JE4L
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[52]. h OGEIGEERRTE &K SR A B £ S5 I [52].

13



HoE Al

MBI bR S, B AR AR R Tk, W] 1.8b BN, T SR R L U
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BRI, W FEPE RS ST, Xt o see Fac st 7T RE. PRl ik
Bl HRHE, LRSI TR Z R R R, AT S E SR B
. 2009 4F, D. R. Smith MU S B R R Ik S 7E OB BOF L AR SL R
FAPRESEIL T 55 ik BB B B [11], BRI 1.9a FioR, BB G T B 4
Ky, O IR T MR A M S TT I RS, T LATE H AR ) ) S 56 R0 1 A 47 55
oA, HRRRAE R 1.96 Fon, FTLAERCGEE (13-16GHz ) SEILHIEERS
5 o B8 5 [ by B HAR SR 15 2y e 3 T A G AR S IR IR 6 b B R G B <)
RISCEE[12-15], LASE N KA 58 R 43 R 5K P BRI 78 SR (1410049, FHoR:
SRR EL 1.9¢ fi, BAFERRELZEE (SOD EHI&H, B AP
t, B CLOAT C2, il SRAR B T R (FIB)Y B AR Z i — 55 2% 3 A1 1R AL
Bl C1 AR HEX, T EAY S, C2 AR, ANHEYS . RE%
RO BBV PN, FLIR P RN I 1% 58 A0 S S R e R i T DA i R 5 1L
IR 25 P55 R A A S 0 R T J MR B B S P A 10 S AT S R (R AT O AE ST
KAL) Cl X IBAERER, & i hssd S Bk IX Sk, Sealbe & 21 &
BOR, i ab R 1.9d Frs, NSOGZn R G B b — RS, BT
T RN ML, BRI AR 25, TR ARl 5E i WA, ixae kA
A M 1400nm F| 1800nm Y LA BB o 72 [F] —4F, K H 2 [ He 4% /R K% Lipson
TR H 12001k B 26 ER 2 H 2 R Park BRARZ[13]77 A S SEI 1 ik
2141 1500nm PR 5 5 B i B B B 213, 3l SRR B TE 4% — 8 B2 A A HES
() Si FETRREFI, Z%RESI AT Ok A2 LB B B 2 S BT 75 B AT S 23 oA, AT
FESES BRI Ra S ER . DL AR AR 4R R B S, 7E 2010 SRAE[E 1Y
Wegener PREALIE FIHOL E S BORS & 7 ARSERFDE T8k, IRERrRI RS
VIR 2, EIRSEIM =R, JF B LARE T WG B ke B 2% [47], SEaRE
s = BN 1.9e fiar. 2015 48, kAR S 45 1 1 AT WOtk Bl 2R T ) B2
JRa B L& [16] (B 1.9F Fias), %345 TR M[48,49]1HA, MM TTEAT ZIBAR
R RS ) S 2 5 — kG O BT AR R TEIARE , 368 T 42 o 8 R T J) 350 S I P A A6
SR T S SR IR AR R T, A A5 S A U8k S T 5 988 N S 38 0 5 T R R — #E
RARFIRE MR . BT RABERIEAR, 28R GEH. BESRT, JF
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FUA QT SRV B A A, 3 T T B AT s, A2 S8 S i) %t W] DG BL
TR B 5 250,511, [FIFEAIA BARFRAFAERIA L, SR B HTT R A PRAL
FE A RER B R Y 1 s Ta] e B S [52], AT RASEEL AT IOE X IR e &
FFAESEI FSCHL T X HS A (i sh & SAEZI ) ka5, SEiss Ran
K 1.9g A& 1.9h From . BN T 9286 ESCIL Pendry #0 SHA 1 S
iR B <1, 12808 B A A4 s e R R I A T 4 B — A B — A
T R SRS B R

747, B 2006 £ Leonhardt ## §2 1 SRS & S 2 Ja, N T F#ARAT
i i KT BN ke, IRZ R BT IR AW 7E[53-58], fERXHH,
Leonhardt (%M Tomas ##% S FEHEH 1 98 B ARRR LR SRR 5 £ [58], i
AR SRR X 25 AR L A s ), e an e S KT, HEAT AR AR, B A 7E
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XD JEIE kAL A
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MR IR & &, BRI I RR & 2 & [59-61], IR & 21£[62,63],
W ) B B S-S [64] LA R B PRI (R B B 212 (65145, A S8 P HH RE e /e i [
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BT EI[68]. e P MOGE AL [24]. ICHUE R A 45[72]. g BB BHuZE T R
KI[69]. h FHiE 57 S2 56 45 2R [69] .
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F B SRR Bt tHAR 22 D e A7 4 428 i FR R I AL FR I 2840 2007 4R, JETTR
PRI BHBER IR T RGSE Be L 45 [67], 1A T DU i AL #E 7 ml . 1
L.11a PR A— 3RS 2R FEIE YR Er e &, Bl L1b dfizsf
ARSI £t ik 90 B, FAEZMARIMINEIAM L e de )5, —ACFHEIBEA
S JE R B F AR . X ECIE 1.11a FIE] 1.11b, IR 7510 2 — 5
), AERYAESR T 90 FERIIEH: o« Bl 75 MR PR n e i th 20 5 ot 22 284 (681,
PSR E AR TR, BN RE AR R 43 TR A B B, R
PRI E 2 = A e 2 A B E B . B 111 e BaRTE — N A 155 1T E 4]
WG AT, VTSI SR 00 A, B 1.11d JEoR — A& @A T AE[H
FET-TH 3 RS R BT L 37 20 A B, Jdak e be B, P T 1) 3 2o AT — B,
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AN, ERETE A S RBOER (BE) WE I 2 —FIMERE. B L1 R
1 Werner U R SKBLROEAUE [F RS #5721, Wi 111 fos, — ANk
S RGN G oty SEDL T DRI E 4 A E T R AF IR AR . K
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1,12 FE T AR OGS R S BT . a RIS S BUTIER MR 4R R T R
SIAR[76]0 b RIELB KT a B MR E A INERB B U REA A [76]. ¢ RIS
BT Luneburg &5 SLIG TR IEI[78]. d MBS HUT Eaton B8 920 [ 78] e %
T 46 B T AR AT = 4 R A e T A B TRI[77)0 £ 7 T D3 400 I L ML B U 25 T 5
BouEAEE[77]. g R EBOT T HA[77]. h RIS B TR AER 5 - Z[77].

111g JE/R THNT R = i IR RS2 [ 6918 1 % 1 8.9 GHz st B i At
WU, 2B Gk AU (B i ADRL AT SO A M R PR AR B, s T — A
AT AE, SEIR R 1.11h Fis. [FRGESER, BEE AN THE AR
w1, IR Z AN R TS B BOT[73-75]F AN T B2k /1, BE TR £
IR, T X R 22 8 B BRSNS o S 3R % UM G . TSR T 45 B
JhIe —FIE SR 5 T 2E FHRIAZAE Y i iE R 5, JLRE S TE S A ) 7 ) b dacdia 4k
T HE 2 AN b . ARYEIL, 2010 4F, Sk E S RI5K M #0214 [ 76]
FSK E FEHEF (1) Garea-Vidal 2R URRLL[77] 53 9 Bk ST 42 H A Ik % 4 8 28 51
I AT AL 4t RO B i R WU AR, B 10120 BoR, RIS EBUCE
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AT PR K < S~ A v 2 A AR R A 1 [25,27-29,31,79] - Rl Pendry #4% ()
B AL 1 e R HLA T 8 B A RSO RG F) G PR K A B o Y, o E i LY
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JE T S0 25 1) 5 X R BAT &7 e AU S ) gt RT DA SIS A R A 1 AR BTG TS T
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B, GIbix AR, S F] R TE 55 0 A5 SR T S R AR AR S A, T R s ]
AR B R A Ak S B3 2 (] ARG 5 Je A, DR UhE DR 2 ) L 99 D BR KSR AR S AN S
ARV & R AT, 1 R A HLARAR - D AR R S A R Zh B TE T i AL,
KRB, B TemBas Az, miE 1.13b fs. Kl 1.13c &Kk
SEITIA) Cx 7 1)) AR~ TR y 7 NS 2R D) 4 8 BAE A4 IS, NI 6l 2 b
B R BT 3R 85 5 36 R s AE 38 O L7 adlom, BEEE R IR AE.
B 1.13d FRRTEXFENGHGIRSS ™, 4 ) J [l 37 o S ol B2 R A6 oA 1], ]
A BT 2112 45 0 T DASE BI85 i IR RE A 3R . 0 — Bt FU R, %0 e v
DAY 21 = ZE 25 B Ot R 22 [28,79], 42 J@ M A5 TL/R 11[26,301%%

VAR BB ARG 2 R S L 51 7007 AR R 5 AR 2 DR ZH R FH A% 0l 2 Ji
FESRIR S TARZ RS DB AR . MRImASHOG 2 B, AT DO 7 SE 56 % 4
i AR5 51 93 A R RS RS 2% A1 (80,817, 3 111 £ S 36 = WF 78 385 ML A
[82]. 1R 2 UREIZH CL ) R AR 4 0 2 VA BRI 1 E % S [83-85], HELI HLIFI[86],
FRiF[32,33,87], 51 JJ4LH2[88,89], T KMRIE[90,9115% . JUH 2 B e in T4
ARIETH, RZBLGAG UL S0 S A ERAUOI . 51201 2009 4, Kildishev #3X R
RRLA[871HE H T 36T N AUREAN S A AR IR % i) RO PE PO A RE, it H 4 v 3 i
PN T2, iR 1.14a s, SHE R MR F MRS E IR 4l
B3P B ILIRAIN TR SEIL 1 BB B R, 4t ST 4n &1 1.14b Tz« Genov
28 N [B2]ME48, T RAKTES| J137 P 0325 . 2010 4F, Sk [ B 11K 2 1 6 FH 202

FOA 3344, T Schwarzschild 2R 4N Ti25), W 1.14c Fis. FATHES
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B 114 Aot SI T . a DGR N T RIFRBEAE87]. b s N TR S5
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A7 9] LAEERONAE Y 51723 ) L3 B A0 J7 ) 52 M T AR AT . B 40 2010 Peschel 2

PR AL [9717E S50 EIE 7 1 v 7 0 ARAE A 7] e i i 2 3R T AR AT 8 . 7RI
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