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Fig. 1. Schematic of a two-dimensional (2D) square-
lattice photonic crystal (PhC) cavity: (a) PhC cavity
embedded with air; (b) PhC cavity embedded with
ZIM.
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(a) T NAT R 2 S BN 165.3 THz;

(b) T AR SRR A AR HLE BN 169.5 THz
Fig. 2. 2D Electric field pattern (E.) corresponding to the above two kinds of PhC cavity at a cavity mode:
(a) Air-filled cavity at 165.3 THz; (b) ZIM-filled cavity at 169.5 THz.
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Fig. 3. Normal-mode splitting when a QD is put at
three different places as indicated by the white, the
blue and the black dots in the PhC cavity embedded

with air.
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Fig. 4. Normal-mode splitting when a QD is put at three

different places as indicated by the white, the blue and the
black dots in the PhC cavity embedded with ZIM.

3 BE BB KR

FESEBRSEEG IR R BE I IET7 s 61
mm AT T DAAE A AR b4 A AT PR SR SR, S
T B AR AT DL 4k 1E 7 A O TSR T
AEBSRTRT FF IS, 72 AR BN X O b SRAT K or e £
B RS, (HA2, T A PR S50 2% 1 1 BR
i), R REREAT O U B FRLRE B SR B B AT, DAL
TR FE T ARG 5 4 5 A B U B —
MR A LA FAEHiI 2k (one-dimentional compos-
ite right /left handed, CRLH) 253 i) 31 5t 244 k)
ks BT AR, K REER ISR T & 7 R =k R
)2 AL IRAT NI N IE R+ 4 )8 SRR i B4R
XL B I A B 1S IR T 5 G0 B A e T

WG RS 7. SLiH, CRLH &4 S8
F T i Ze i 1 B AR 24005 SR [19] AH TR

N T8 SRR I I IR A0 2 5 R A 5 6 R}
T B R A [F], £ SRR FF T 1 Ak i 45
BTETFHATHEEREP. ZEEE
HL S I R 42, SRROFR (1) JLART T AR n 1] 5 o 4 B
N, BRGNS EN: a =t =04 mm, w = 5 mm,
b=0.3mm, C =0.27mm, d =3 mm, L = 14 mm,
h = 0.8 mm. P 5% b SRR K RAE — 4
CRLH 1% % 4 45 R ¥ 2 47 5 2264 ki o i PO A A
[FALE, Wil 5 (a)—(d) Frzs. FIAH ADS (advanced
design system) {j ELEAE, T 7 PUME OL T 1%
SR, AR RN B e R LA A B N 2
VT B B A A N 0.77 pF IR, N5
TR R Z S I AR A [, PO R A LR A
o, X o I AR IR R A, a6 (a) s,
BT X FhBS R AE SRS 7 B 56 S0 )5 1 %
Jis #8240 B R L BS R AHABL, By DL PR X Ao B 2R
BLGONT SRR L BE B 5 P31 A B35 5 33 o
ATLAE H, 24 SRR F 45 R s 5, TR
S ) Jis AR AR A Ak 2 BY R AN R R, IF B A
QAL B R A EAN 2B SRR 7E Tl A A7 &
AT A A, FATHIE I Agilent 2 7] A2 7= 1) X i
1 8722ES I 2% 73 BT AT B 1 S 36 it 1) 328 A3 %,

.
N T I W —— .

5 SRR —4E CRLH f& M5 2 ZIM Jfrh P44
ANFILE R SLIat 7 E, (a) FIETNHEEDY SRR KRS E
Fig. 5. Photograph of an effective ZIM coupled by a
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Abstract

In cavity quantum electrodynamics (cQED), how an atom behaves in a cavity is what people care about. The
coupling strength (g) between cavity field and atoms plays a fundamental role in various QED effects including Rabi
splitting. In the solid-state case, when an atomic-like two-level system such as a single quantum dot (QD) is placed into
a cavity, Rabi splitting would occur if g is strong enough. In the classical limit, when a QD in a cavity changes into a
classical oscillator, the normal-mode splitting would also take place. It is known that g relies on the local fields at the
places of the QDs or classical oscillators inside the cavity. However, for both cases, the traditional cavity modes involved
are all in the form of standing waves and the localized fields are position-dependent. To ensure strong coupling between
QDs or classical oscillators and photons, they should be placed right at the place where the cavity field is maximum,
which is very challenging. How is the positional uncertainty overcome?

Recently, the peculiar behaviors of electromagnetic (EM) fields inside zero-index metamaterial (ZIM) in which
permittivity € and/or permeability p are zero have aroused considerable interest. In ZIMs the propagating phase
everywhere is the same and the effective wavelength is infinite, which strongly changes the scattering and mode properties
of the EM waves. In addition to the above characteristics, the fields in ZIM could be homogeneous as required by Maxwell
equations. While the special properties of ZIMs are investigated, the fabrication of ZIMs is widely studied. It is found
that a two dimensional (2D) photonic crystal consisting of a square lattice of dielectric rods with accidental degeneracy
can behave as a loss-free ZIM at Dirac point.

To overcome the positional uncertainty, in this paper we propose a cavity filled with effective zero-index metamaterial
(ZIM). When the ZIM is embedded in a cavity, the enhanced homogeneous fields can occur under the resonance condition.
Finally, experimental verification in microwave regime is conducted. In the experiments, we utilize a composite right /left-
handed transmission line with deep subwavelength unit cell to mimic a ZIM and use a metallic split ring resonator (SRR)
as a magnetic resonator whose resonance frequency is determined by structural parameters. The experimental results

that in general agree well with the simulations demonstrate nearly position-independent normal-mode splitting.
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