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Fig. 1. (a) Schematic of a new asymmetric resonator

structure and (b) resonator axial section.

2.2 HEIFERIETRIZIETRAYE A RIE

PR 2 387 TR0 3R I P e 2 O 2 R, IR o
A SR T BT R R 0 A 6 2k A 2 7
AB—BC—CD—DE (A AAH3LFTR), TR 5T
B 5 R ST 4% R AE VORI 2 JR, % ED—
DC—CB—BAZR|IE A/ KU, fTik— 2 HIE
BN 0 96 2 (T € 52 2 ) 78 T3 J2 39 4 1 2 O
FN 2 G, T BN B R R ST 4,
e JE B 3 [ 28 ) i B, % 3 IF € 4L, 5
2 1 BN SR 566 2 B0 R P 3 1 5

B2 IR OSSR

Fig. 2. Schematic of light propagation in the resonant cavity.

FE Lo R HEW), ¥JNLy = S8Hcos>a. K, H
S8R My 5 Mo #6148 R DR B S 1 18
PR, 210 R 2 BT 7 9 ot S A8 TS B St 455 e N A
B — A R BRAE BL. & JUATIE B, 2
BLAA O] BP0 B RAB N 2H sin(2ar), BRI A7 R
5EREAGT O, 2H BRI 42, B
b = 2H sin(2a).

3 B

Bl 1 (a) Fros B R HE TR IR IR I B 1 (D)
{105 T P e 2 T 2 A9 30, R e VS R 1) 3% 90 A1 6
REIES 4B R B AR L.

TE 4 ST TH P93 4R s 1 O i 455 20T DL 23 A
PR TEMR S TM#E, TEB (HK) EZRENE,,
H, M H,, TM# (E¥%)EFnENH,, E, ME.,.
55 i 9 B 70 4% 1) ) P R R AR B, LT IR R O
na, VRSN Y AT S FE A ne. 4 TE R (TM
B I8 3% (WE3%) E,(H,) FH F(x, 2) 2o, W
sl RN

0?Fy(x, z) N 0?Fy(x, z)
Ox? 022
+n3kiFy(z,2) =0, (1)
o ko AE A AL REFEL IR I B %
PR B TF, AT LUK B Rl R s T DR 30N
— MBI IR, H 2k % 2b, ERUE KN
L = Lo/2. #8438 s i A5 =Re AE mT DASE i 43 #r
SRS A IR R T B PR s R A5 3.

S0 o R T VS I A B AE A Joi 3 5 %) 7R i 2 il VA
e S F B R G, WITE B SR A8 A5 & T i 2kf%
a0 75 1) RIS 37 43 A I — A Ok

F@',2") = focos(kpna')(e 7% 4 1Py (2)
KA ko 55 By 20 SRR A B e AR 8, B
k2, + BE = n3ks. (3)

Fotg 1) v DU VR RS RR AP B 3, HAR S AL AR

K - 2b = mT + 210, (4)

A m NSRRI TR BV R, 010 IA T4
SHALAR A, KA B

2018 = 2tan !

144201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 14 (2018) 144201

2 N2 _ 2
90ITM — 9 tan—1 ni 2
P12 an ’I’L% ’I”L% IR N27 (5)

o N AR A R R, Sk v KT % B,
AT 1) = L7 B w5 I B 2B B 1, 7] DA
I PBEAMEAE A

061+ 2L 4+ 2¢p = 27, (6)
TR S L 20 oA —
3t IO BT I R R S AR AL AL R B My, My
REHEE N ©;(0), (5 =1, 2), b o MNG kS

ST IE A, WS S ARAL RN
20 = 2[p1(0) + 2p2(a)] + 2¢1(2c). (7)
H (3) 3. (4) R 5 (6) X 7T 1518 9= 1 1 4=
/\m,l = 27-(”1 ; (8)

mr+ 2012\ > (1 —p\°
() s (1)
A 26 AR B 98 4Hsin (200); L NZE20 i
s KB 4 H cos? (o).

H (8) :UAT LAFE Y, R M i — 435 1 T i 4R
WK R IE X 5 B A U T s () A [
] sk 2R TOUAE R U iR i o] LSS RO — B2 A
b, IEKN L BFE RS ORI KA

\ _ 27”&1
mnp é_mn 3 l_tp/n 2)
() (=)

finn, TERL
gmn - {

A

Vinn, TMAE,

ForP pin A m B VU IR BB B ER 0 AR, v
N m B DUFE IR eR R 28 AR,

4 HEFE
4.1 FEZWSH

P B i SBE My, Mo K DBR, Jft Z33i
TN pm, O KN Ao = 1550 nm, i1 4 %f
Si/Si0g MBI 115101 Ky i, BTt A> 518 3.47 5
1.47, & HZBE R R A Mo /4. IS NI
T FUONEE, P8R N 3.47, Bln, = 3.47, BE4bA
A, PR N, Blng = 1. EBOEIRE KRR 5

YR~ EILERCK B, BB I SR TR R A
PRI BRI, B 2015 = m. IEHEE T TG
B HIRS, 7T BAFARIE R 2210 7K 152, 4 DBR
MO Sy = a(0) + ib(0), TR S EHL
2 SONRSLE, B AR BRI, DBR
SRR My, M HIR SRR 17 g

0i(0) = s g =12 (10
3 ARSI S R (OB 2 Sy,
No /4 TE TR BB 1 0 2 I, 9 N A 0 52
SR SHL, B (10) KA TS, 7ER N 4
©;(0) = 0. FEPA N\ HEHTIEIRIS, 7] LLZE% DBR
SRS HO R, WA (8) SUAT LRI AE g

27’L1

m41\2 l 2
(") +(2)
BRI, A A i s 7 PO A AR 1 R, ) 75 £
Ja s KRB AN

H=

Ami = (11)

2711

Vi) (oms)
4\, 1 8in(2ar) AN, cos? o

(12)
Bm =0,1=280, a =3 MiERELEIK N L
R, BN, = N B, @ (12) T LS s K
H = 4510.9 nm, 2b = 1886.1 nm. [AF¥, ] LLit4
HAFGA o B, RIS S 5nEk 1 A

®1 ARG T ERERSHHSH

Table 1. Structural parameters of resonators with

different angles.

A/nm a/(°) H/nm 2b/nm
1550 2 4543.4 1267.8
1550 3 4510.9 1886.1
1550 4 4506.6 2508.8
1550 5 4512.5 3134.4
1550 6 4524.2 3762.6
1550 7 4540.1 4393.4
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Fig. 3. Energy spectra of resonators with different in-

cident wavelengths (a = 3°).
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Calculate resonant Simulation resonant

Mode wavelength A\/nm  wavelength A\’ /nm @
TEO0, 79 1569.4 1582.8 3103.3
TEO, 80 1550.0 1550.3 24605.4
TEO, 81 1531.1 1537.8 2847.7
TEO, 82 1512.7 1518.0 10767.6
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Fig. 4. Resonance energy spectra of TEq go mode in different cavity with different angle.

144201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 14 (2018) 144201

60000

40000+

Quality factor

20000 A

0

1 2 3 4 5 6 7 8
Halt-angle of top mirror «
K5 TEo,so R Q 1B KI5 B HER A 224
Fig. 5. @Q value of TEq go mode changes with the cone

bottom angle.
4.2.3 HBBEIXKBREZHHH
ARG AR R M S IRIE N HEEZ S —.

A RE AR & SN
e(r)|E(r)2d®r
e(MIE(M) Fax

max

Kfe(r) ANMHBEE; E(r) MENICHB B

Vetr =

(14)

A
B(r)/107 (P /103

3.5
1.0 3.0
0.8 2.5
0.6 2.0

1.5
0.4

1.0
0.2 0.5

it
E(r)/10" (d) /103

3.5
1.0 30
0.8 2.5
0.6 2.0

1.5
0.4

1.0
0.2 0.5

Kle Mifh 5, IR 1547.781 nm I, RN
B3 43 A (a) FRE % L0 A (b); RN TR iRl K
1549.763 nm i, “FATIEIRE N RIS 540 (c) FRER %
FES AT (d)

Fig. 6. Electric field distribution (a) and energy den-
sity distribution (b) when inclination angle is 5° and
resonance wavelength is 1547.781 nm; electric field dis-
tribution (c) and energy density distribution (d) for
the same size of the parallel resonant when wavelength
is 1549.763 nm.

BT A BE AR A ) 45 8, W4 100F D 5 B 3T B ik
P (PR AR AR 5 A R R ST T s (A E X B 360
PRIEI RN Ady. X 3E 78 %% TR A A R
Jig, (14) AT AT N
|E(r)|*d*r
|E(r) |Zax
K 6 o~ TN 5° 5 IR RSP i, s
F L 4041 5 R R R P A

Vett = Ady. (15)

5 kA

b1 P 3 0] DU HH B B 9 R i T A K AL i B
H 3 LG I R AL TR B 3K B R p R
THURE R AR SRy A IR 1 41 i A7 8 A o4 447 118 5 30
. xR 15 B3 bR K AT LUK I, E
I (11) i+ 5 TEo g0 5 TMo g0 12304 FE HR I K
55007 B W IR K BN 55 430 8 1550.2 nm Al
1547.4 nm. 1 AT LAE H TEq g0 5 TMo g0 HI1E R
B HATEAE S, XA T H G (11) k%
JE A 1) 30 SR (s 9% (4 52 0 T 3 B0 R T (11)
IS R 25 & DBR UL e, PR kit g
Ath 378 125 F O YA ASE QIR 1 BRI 5 0 IR I IR U
KA W 22, DBR (1 € B 22 5 B00 A T R
WEKAFE 8 nm £ 4.

Kl 54 TEo 50 16 IR Q (A B [ #E i A o
AT 26 B, B B 5 0] BUE T DBR G
K 1550 nm FE IR I, 7E1 A o 8 5° i TEg s
RS A Q AR HEVE FE N R s R AA. b 26
%24 0.031 nm, ET (13) KT 5H I Q1M 49928.5,
IF) RO~ A J0 R T s 1 28 58 O 0.038 nm, QL
40783.2, HIULFT DL H QE R & 1 22.4%. 1M H,
A LU B 22 5 AR 1GR3 70 i, 2 T DBR
AT A 458 R i G S S 26 T e (190 AT 988 40 e )
QEHIL T HR M T RE.

Bl 6 9 fi £ 5° 8 B R s 5 [ 45 RH 1 s
i A B HL 3 0 AT S R R B o A, XL 6 (b) S
K6 (d) m] LA E M 6 (b) IR RE & 2 A BN 5
.l (15) 2Tk 5 AT 45 1B 6 (b) 10 8 A A A
3.5 um?- Ady, B 6 (d) SRR 6.7 pm? - Ady.
A A2 UG, AR A 50 BT 2 U iR s ) A AR AR
PG~ i (A AR R 1 47.8%.

=1 QA 5 /B AR AR (1 s 1E B0 1 R B T
A EZWR . Fa8, TERRERI B A=K

144201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 14 (2018) 144201

o3 A IS5 T, R Q E U AR A R BRI
F. A DR 3h 25 HEHEE 8 v b 4 — e At =
Bl SR RO il AR eh ) g AN [E] A BE AV I
BHIEA B BOVRNIWTTT, DRHHT R HE THOAE IR
IS A ) 7 THA A B R R AT 1

6 & W

IR ANG B, AT T HETIEROE S s
PIAMERE R, 1533 TR E SRR KRB, I
2 COMSOL 8 A42% A BR 7o i 77 1, XA a5
1 DBR R 83 04 B ) 1 R B 45 M 34T T L, 1
FLEIRIE K 5ok M AR & ok, XTER
Jis (A HEAT T O B AL, ARk g SR R TE R S
Bl AR T R M1 1) TEo g0 122N, 241y 5°, RIS
KN 4512.5 nm, HAE N 3134.4 nm i}, IR 5
JR R H B K, K F 49928.5. B, K R IR A
5° LA IR 25 40 5 [R5 ROST R SF Es i AT 7 RF L, 45
SR BT AR IR I Q fEIR R T 22.4%, [R5
ERRN T 47.8%.

SE 3k

[1] Zhang Y, Chen M X, Li Y Y, Yuan J 2015 Laser Opto-
electron. Prog. 52 11 (in Chinese) [1k%, M, 255
M, R 2015 WOt EHFAREE 52 11)

[2] Vahala K J 2003 Nature 424 839

[3] Wang Q, Huang Y, Ren X 2001 Proceedings of
SPIE—the International Society for Optical Engineer-
ing 4580 577

[4] Liu K, Huang Y Q, Ren X M 2000 Appl. Opt. 39 423

[5] Cao S, Xu X L 2014 Physics 43 740 (in Chinese) [,
V753K 2014 P73 43 740

[6] Kim J, Benson O, Kan H, Yamamoto Y 1999 Nature
397 500

[71 He Y M, He Y, Wei Y J, Wu D, Atatiire M, Schneider
C, Hofling S, Kamp M, Lu C Y, Pan J W 2013 Nat.
Nanotech. 8 213

(8]

(9

[10]

[16]

(17]

18]

(19]

[20]

21]

144201-6

Loffler A, Reithmaier J P, Sek G, Hofmann C, Reitzen-
stein S, Kamp M, Forchel A 2005 Appl. Phys. Lett. 86
111105

Strauf S, Stoltz N G, Rakher M T, Coldren L A, Petroff
P M, Bouwmeester D 2007 Nat. Photon. 1 704
Kryzhanovskaya N V, Maximov M V, Zhukov A, Nad-
tochiy A M, Moiseev E I, Shostak I I, Kulagina M M,
Vashanova K A, Zadiranov Y M, Troshkov S I, Neve-
domsky V V, Ruvimov S A, Lipovskii A A, Kalyuzhnyy
N A, Mintairov S A 2015 J. Lightw. Technol. 33 171
Campenhout J V, Romeo P R, Thourhout D V, Seassal
C, Regreny P, Cioccio L D, Fedeli J M, Baets R 2008 J.
Lightw. Technol. 26 52

Ma X W, Huang Y Z, Long H, Yang Y D, Wang F L,
Xiao J L, Du Y 2016 J. Lightw. Technol. 34 5263
Albert F, Hopfmann C, Eberspacher A, Amold F, Em-
merling M, Schneider C, Hofling S, Forchel A, Kamp M,
Wiersig J, Reitzenstein S 2012 Appl. Phys. Lett. 101 245
Ma C S, Liu S 'Y 2006 Optical Waveguide Mode Theory
(Changchun: Jilin University Press) ppl16-18 (in Chi-
nese) [, XU 2006 Sk FEABIS (K& HHRKR
ZHRAE) 5 16—18 )

Song H Z, Takemoto K, Miyazawa T, Takatsu M,
Iwamoto S, Yamamoto T, Arakawa Y 2013 Opt. Lett.
38 3241

Li H H, Wang Q K 2009 Acta Sin. Quantum Opt. 15
380 (in Chinese) [Z2EifE, FPKHE 2009 & PS4k 15
380]

Macleod H A (translated by Xu D G) 2016 Thin-Film
Optical Filters (Fourth Edition) (Beijing: Science Press)
p32 (in Chinese) [%A& 87 - Z WM H. F (REN %)
2016 ML (bat: RBH L) 28 32 1]

Fang H L 2014 Optical Resonant Cavity and Gravita-
tional Wave Detection (Beijing: Science Press) pl7 (in
Chinese) [J78tZ1 2014 Je 2 iERIE 5 51 BdEN (bst: &
L) 517 1T

Han J, Li J J, Deng J, Xing Y H, Yu X D, Lin W Z, Liu
Y, Shen G D 2008 J. Optoelectronics Laser 19 456 (in
Chinese) [FH%E, 2R3 %E JRZE, JHaRE, THRAR, &L, X
%, TtHE 2008 ST - WOE 19 456)

Wang Q, Huang H, Wang X Y, Ren A G, Wu P, Huang
C, Huang Y Q, Ren X M 2005 Chin. J. Lasers 32 1045
(in Chinese) [T, B, T240F, %0, B, 2, 5%
ki, LB 2005 T EEOE 32 1045)

Huang H, Huang Y, Ren X 2003 Electron. Lett. 39 113


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.3788/LOP52.040002
http://dx.doi.org/10.3788/LOP52.040002
http://dx.doi.org/10.1038/nature01939
http://dx.doi.org/10.1117/12.444924
http://dx.doi.org/10.1117/12.444924
http://dx.doi.org/10.1117/12.444924
http://dx.doi.org/10.1364/AO.39.004263
http://dx.doi.org/10.7693/wl20141105
http://dx.doi.org/10.1038/17295
http://dx.doi.org/10.1038/17295
http://dx.doi.org/10.1038/nnano.2012.262
http://dx.doi.org/10.1038/nnano.2012.262
http://dx.doi.org/10.1063/1.1880446
http://dx.doi.org/10.1063/1.1880446
http://dx.doi.org/10.1038/nphoton.2007.227
http://dx.doi.org/10.1109/JLT.2014.2382173
http://dx.doi.org/10.1109/JLT.2007.912107
http://dx.doi.org/10.1109/JLT.2007.912107
http://dx.doi.org/10.1109/JLT.2016.2599582
http://dx.doi.org/10.1063/1.4733726
http://dx.doi.org/10.1364/OL.38.003241
http://dx.doi.org/10.1364/OL.38.003241
http://www.opticsjournal.net/Articles/abstract?aid=OJ100122000247QmTpWs
http://www.opticsjournal.net/Articles/abstract?aid=OJ100122000247QmTpWs
http://dx.doi.org/10.16136/j.joel.2008.04.013
http://www.opticsjournal.net/Articles/abstract?aid=ojart051201000161TqW
http://dx.doi.org/10.1049/el:20030109

) I8 % 48 Acta Phys. Sin. Vol. 67, No. 14 (2018) 144201

Theoretical analysis of new optical microcavity”

Gu Hong-Ming Huang Yong-Qing’ Wang Huan-Huan Wu Gang Duan Xiao-Feng
Liu Kai Ren Xiao-Min

(State Key Laboratory of Information Photonics and Optical Communications, Beijing University of Posts and
Telecommunications, Beijing 100876, China)

( Received 10 January 2018; revised manuscript received 21 March 2018 )

Abstract

Optical microcavity can confine light into a small volume by resonant recirculation. Devices based on optical
microcavities are already indispensable for a wide range of applications and studies. They not only apply to traditional
optics, but also have broad application prospects in quantum information and integrated optoelectronic chips. In
quantum optical devices, microcavity can cause atoms or quantum dots to emit spontaneous photons in a desired
direction or can provide an environment where dissipative mechanisms such as spontaneous emission are overcome so
that quantum entanglement of radiation and matter is possible. For better application in quantum communication,
optical microcavity needs to have a high quality factor and a low mode volume. Considering the beam coupling, spot
shape and experimental production and others, the Fabry-Perot (F-P) microcavity has been widely applied to the field of
optoelectronics. However, the Q-factor of the F-P microcavity is generally low, and the mode volume is large, so it needs
to be improved. In addition, high @Q-factor microcavity can also play a large role in detecting particles and biological
macromolecules.

In this paper, through the theory of wave optics, the eigenmodes of a new type of cone-top cylindrical optical
micro-cavity are analyzed, and the resonant wavelength expression of the resonant cavity is obtained. We discuss the
effects of the top mirror angle on the resonator performance and application of COMSOL simulation software to verify
the proposed cone-top cylindrical microcavity. The optimized design and simulation results show that the quality factor
of the new resonator can be increased by 22.4% to 49928.5 and the effective mode volume of the resonator can be reduced
by 47.8% compared with the traditional parallel resonator. In this case, the corresponding new cavity length is 4.51 pm

and the diameter is 3.13 pm. In this article its fabrications are also discussed.
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