A1 B 12
2012 4 12 A

k F ¥
ACTA PHOTONICA SINICA

Vol. 41 No. 12
December 2012

doi. 10. 3788/gzxb20124112. 1464

SR R T4 R IVE SR UN T ERRT it

X F, RARAE, Rk e, X0, BT

(WL IRTE K2 {5 BOCEM T A Wi 448 321004)

O BT —AAEFRMA InGaAsP E A LM B A B AE AR E, AL E
EREBRE MRER- N REFERBELLESEN, OO EEN 2 ym, @ FEH 6 pm, L4
ME@DMERDGEAA IS ERAARTENSZEMBEHOD T EEXNFTHMAEATE, A A PTIE
My FTARABABXAZITH T H S B RERAALGHR”. I HMRXMBRAE XS
ZHEZFAR G MR LT REEXGRES S A AR AR LT T RS AR QA .
BARBR ARLEEFRENRABEEESEHR ARG Y A0 X EFRLERAR TN LR S ML
T EETHAAN XSG BFRABZEN A DEABEL BB EEMGEHFG R AR RS 2~
3. EHREFERTARN IR AOABEE FHREBEX AR S R BAHRKAZI L 5400 69k F-5

NI AR

KGR AL R = F AR 5o B s B AR PR T R

B 43S . TN248. 4
0 3§

TR O 2% 2 — Pl IR AE — A4 i 50 =4
JE 1 JUAR] R SRy 04 O 9 4 B I Ok 88 X
o 2 F el T AR ARG B O - 1 FE 30 L /DN A8 XA R
AT 19 A 1280 {1 55 0 8 R P TE 1 22 10 F 90 4l A
£ s B SR R | S R o e N e b e | A R U7/ L
SEUT BRI AR AR A R R R B B i R b
O T RS BS R 9 fiE L AlGaAs | InGaAsP
SRl AR RS AT DK BT R RS A T — il
et T o b A AR 4 BT 9 3R 1A S AR D R X O
o, i aE 2o 7R DA A BT R A% 0 S5 B A% AR R T b 2R
G VR AR R 4 T )2 ok il R X R R G 2R AR
4l B A BT A R AR (0 6 A JHE ot BT PR B — R A ] 45
R I RUBE TR A 33X i vl A Joi - T B U2 45 4 1Y i A 2
R X R T A R A R R R TR R BT
BER W CARFE 7| 1Y 3% 1T 45 2 1 1K Ik e w0 i
T 1 5 A B AT O X I 4 R R 4 R
BRAE B TR E I TR 58 A B O 41 A R U AR
N mREN A BB T MERRGEE I RS
B HUAEAE T 5T AR o i SRR FEL R U — RS T
% (Surface Plasmon Polariton, SPP)M, A i R
IR A 1 B £ HARGFE R (H R B T DL O R

XEKFRIRAD A

BT - WLA B AR2E 54 (No. Y1100041) %% Bl

XEHS:1004-4213(2012)12-1464-6

A TN B 25 TS BN . K R A -4 s R )2 4
Y B AR T T i Y S 2 [ R A R R R R R
9 -4 WUJZ TR A SR A 1) BR ) A S5 A0 p AL AR
BR LA M % i AR i L O AR 1 Y XUZ T
S 10 A TG AN 2 8 HCHT 4L T RO B AR p
e < J A1 T PRI £ A 2 1) AR AT S A A A
JBU. AT LL AR R A OFE B AR SRR [9 ] L
InGaAsP 2 G A8 5 2 A 5 A5 3 1 28 9 —
S T S B I 7 B A R ) BOHE T 38 I O SR DO
T X EOCAR AT T AT

AR ARG i 1 B 450 B0 B2 g i F 194 o DR RSO ok
FHOCAT B IS RS2 56 BF 5T 19 — A T 27 WL A
RT3 —Fi g R A 45 49 O 18 i Fe TR R R S
B EIR H B —A TR 7L G i A IR )= -6 R =
WER S FY RE A L 4R T SRR IR 5 5 a R
JRZ M8 Je A —JZ AR At A B A M AR A .
LIS 6L o 1 25 b 45 1 b ek A B B 0T 2 AT 2
RS TR 20 T TR LA S
V14 St s AR X (R T 0 41 1) i 11 i 5 36 T A AR 4 ) D'
JE NI 2 VE. EHORE 5 Jm N5 T2 B ) 2 T i1 GRS
IRE P SR BEROC SR A BZE Bl TR R k&
PRBE A RERR” (0 2 PR o i A o S - G T S T AR
ALY ST AR B ST BN R 2 T R AR

E—1EH XNZE1982—), 5, Bl Lo, BT T 1] R S A WOL A% 09 B 7 BUE R ADL K S48 4. Email: livjun_physics@yeah. net
REEE/SIHEREER)  RMRAEA967—) 3 Haz . EEART7 10 N U HOE & . Email: wugenzhu@zjnu. cn

W FE B HI.2011-09-07;: 8B B HA.2012-10- 12



12 1 XL 55 4

- A 5T 2 A 2 S AL O AR 1465

REYIAE. 5 8 Jm AR LE . B A BB A6~ M
T AR A SRR IR R L —
JE LA IR TR SRS A IR 1 2% 3 TR RLRE &K
PR B Jm IR R 5 XM B 0 5 A — A I A R
%8B AL REAS B T — B a0 ROk R il
RS A R R AT Y IO 0RE L 4R R AR Y
ot R e i 4 PR 4 1 1) AR R fE TSR SR
B 3o Fof A T AT B4 O B S A AR L i e
PR #5 PF 09 A IR 254 SR T 7 B b 2 i e Ak
BN G T B AR O A T 2 AR LAY
TR S » o i PR O 4 D S )= S0 IR A e 2 1) A

1 RRSEIMEREZBEZLARE

HL B 9 1 32 8 1) 2 WA ot b I DA A2 e 30 = T
AR E A FR ook B T 22 503 35 5 R, 4b
PREE R S 7= iRV 2 5 JR) A B A DG B < PR
— AN R I R BT 0 B R 1) 55 I
AT LA S 3k e A U0 OR i e A
1 A S 4R s AR 19 A JBE ) % Ak AT DL 220 W R T i
Yy B HOLE LI bR R % S0 . I e R
it B 50 Z A — DR AR H=
pB o XX i 7 TR B R AVF Z B A o BRA A
JoT B 5 25 R Y R 2 RS b B R Y 2
W AR ) — A T FRARA S — AN
T AL 25 50 SR i AN T 218 1E 5 W I G & 30 3
S 1 R 2 W R 2% R

VX '"VXH)—aqV(V « H)=

¢ P"H/2t* =0 (D)
K. c REES PR OCH e ICRAX A Lk &
WAL SR TC O Wi o 20T O 5
Ik (Maxwellian neighbors) FJALTE A F . 7153 H I «
BB 10. 0. AR & A 17 78 W SR+ 22 5 0 5 7 12
HBRY « H=0. J5 7 (1) {22 13 v 1) 916 50 6 Bk Ay
STV Y 57 I 9 8 A SO i AR R
V « HFO0.

i R AT — 2 B n=0,n K
78 BT BN ¥ 1) O . fBCIAC HL A BT I A RO A )
RV B s IR 23X A 1SS T

H+n=0 (2)
HA, 37 56k BE R St 1 b IR A
EXn=0 (3

TR ) FN O BAR R 3% (R ) 78 8 ) (BT ) 1Y) 3 42
P 7 B L B P 301 ) T A 6 g o B 2 i HE G 3%
WESCHEH " R J5 1R TR IR AT L £ 23 ) DX SR
S,

J'{<v><H7>§<v><H>—a<v CH (T -

H)+c¢ *H" « 9°H/ot* }dV=0 €Y
TEAT TH A8 b5 2R N AR % ) EUE Jr E, f T T
SR A DX Sk AR O A — DX FR G Btk =
Y 7] R 5% Ak Sy 4 ) R, 0 R K S 1) = A i
H' (r.¢s2) s H® (r,p.2) fl H® (r,p.2) & £ N
H'(r,z) s H? (roz) M1 H* (r.2). WH B (1B
il T 7 ok BE 1 AR I ] 2% 5 (1) 20
Hr)=e" | H (r,2) ,iH*(r,2) \H(r,z)} (5)
A M BERR S J7 6 A 45 50 5 I R B I I IR K
Ao BB B A I H T ne =F Z TR KR A, =
2nRn /M, R 2 B 88 18 I J0E A 19 2 42 B AR
o307 R A BROCYE By HUfb b B 2 IR F kAT i — 20
M55 B — Pk Ty R i 2 AT AR A T AR T
JCAF BRI o3 A X T 3K Fh 4 8 IR 2 AT 5 09 A I
PAAFE PR I, Be bl 260 AT RLTH 5
J5 [H £k
Qeca = AL f ot 1/ 23 f tnoue | (6)
T S oae 2 A PRI AR AT 232 177 A8E XA RR AT L g =X
(15 %

bﬂ'\' e| E*|dV
A 73 7 R0 A WU B R R 0 R R
V- J7 iR ARAE D6 37 73 A DX R B 5 3 B8 7R B
S HL KR 0 R R P O R U iR
KA.

2 WMEHASFIENIRITEEXES
5%

AR SCR R TE VW ik 1 R 454, 28 5 44 s 4
FETHI 78 98 AR AL R TR L P 25 0 A T ) 4 ) i AT 4R
HIFE. IR LERE R 6 ym JEE do N
2 pm MEES IR AY I A 0 o~ 457, AL REIRE Y
JERERIRA di s & R0 JRFERIR R s EBEAE
1 550 nmAh A& IEAT 52 n, K 0. 18-+10. 2i, 4
FERE B2 BT 95 2% ny 2 1. 45,35 25 40 BT InGaAsP
BIHTIE R ny S 30 2 KA DI T 56 3 ny BN
IPPOYAE R R TR v g AR (S I

e RS SCRT B v 1) S B OB 25 4540, R e
AL RE R B R FE Jy 80 nm, 4 RSN 50 nm. 7R
M= 64 B}, #4539 K H 1 551, 22 nm, Q 14 ik %
4 20019 '-HL A Jo A8 HR 1% i Y B L % 45 R B SR
[ X W 25 5 A =1 568. 25 nm B, Q & 1 140 #f
2. R HIFE N EAR SO R A S o, A AR

"



1466 o F

EE 41 %

Al 42BN RRFGBERLBNHETE
Fig.1 Cross-section of the proposed metallo-dielectric

confined microdisk laser

4 B2 . 2 AT ) TR AR R I
Proa R w2 AR MR B 2 .d =80 nm, d, =
50 nm,0=45". & 2(a) Ay - H A AR 2 114 A v G D
Yo K 2 R A8 8 M 5 Q {8 Fil ik
B f, B Z I8 () 2 R B Sk 22 98 1) A5 48 ORI 2
sl SO DRI 8 3k A 48 1) 0 28 8 1 I IR A% L O TR
R Q FNE RN R £, B0 48 80 M #E 60~ 80
) 9 R P 349 4 1 b A k.

(a) The distribution of optic-dielectric mode

for transverse magnetic fields
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Fig. 2 The distribution of optic-dielectric mode for transverse
magnetic fields and the linear relationship of quality

factor and resonant frequency with M
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(a) Quality factors of optical- dielectric TM
mode versus the thickness of gold film d,
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(b) Quality factors of optical-dielectric TM mode
versus the radius of microdisk laser with different
silica film thicknesses
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(a) The distribution of |H|* for Q_SPP and SPP WG mode
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(¢) The details information about mode volume for
Q_SPP mode with magnified coordinate system
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(b) Mode volume and azimuth index for optical-dielectric
mode, Q_SSP mode and SPP mode
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(d) The details information about mode volume for SPP
mode with magnified coordinate system
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Fig.4 The distribution of | H|? for Q_SPP and SPP WG mode and the relationship of mode volume and azimuth index
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Metallo-dielectric Confined Semiconductor Microdisk Lasers

LIU Jun, WU Gen-zhu, Chen Da-ru, LIU Xu-an, LU Qi-jing
(Key Institute of Information Optics Zhejiang Normal University, Jinhua, Zhejiang 321004, China)

Abstract: A novel metal-dielectric semiconductor microdisk laser structure with the thickness of 2
micrometer and the radius of 6 micormeter is designed by depositing a silica film and a noble metal gold film
on the InGaAsP semiconductor microdisk. The angle between side-wall surface and the bottom plate is
45°. The whispering gallery mode of the device is numerically investigated by using a well-known Finite
Element Method (FEM). The so-called weak-form of the partial differential equation is employed to
effectively reduce the pseudo-solution associated with the local invariant, which exists in the FEM directly
applying to Maxwell equations. The distribution of the cross magnetic field (TM) of the whispering gallery
mode of the proposed microdisk laser is achieved based on the numerical solution of the weak-type vector
Helmholtz equation. After that the quality factor (Q), the mode volume and other related quantities are
discussed. Theoretical results show that the quality factor of the proposed microdisk laser with the
sandwich-structure is 2~ 3 times more than the one with the structure directly deposited metal film in
InGaAsP semiconductor microdisk. Furthermore, different thicknesses of the metal and the dielectric
quality factor of the microdisk laser and the relationship between the disk radius and the quality factor are
discussed. A fundamental mode and higher-order surface plasma wave mode, and a maximum quality factor
of about 5 400 optical-dielectric of the fundamental mode are achieved.

Key words: Microdisk laser; Wihspering gallery mode; Quality factor; Mode volume; Finite element
method





