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Abstract

In this article, we discussed the utilization of photonic crystal microcavity for the
enhancement of spontaneous emission rate of the a-plane InGaN/GaN single quantum well by
reducing threshold power of laser, In general: assumption, spontaneous emission rate
enhancement factor can be defined by Purcell factor, and; Purcell factor is proportional to the
quality factor of photonic crystal microcavity and inversely-proportional to effective modal
volume of cavity mode. We derived the‘Purcell factor from Fermi golden rule. During the
deriving process, we found the spontaneous emission rate enhancement factor is not only
related to the quality factor and effective modal volume of cavity mode but also polarization
characteristic of spontaneous emission rate and cavity mode.

In the first of the thesis, we discussed the influence of the quality factor, effective modal
volume and polarization characteristic of cavity mode by tuning air holes of photonic crystal
microcavity. And we optimize the photonic crystal microcavity by tuning air hole. In the
second part, we discuss the variation of polarization characteristic of spontaneous emission
rate of a-plane InGaN/GaN single quantum well by different indium composition and
guantum well width. Finally, the calculated spontaneous emission enhancement factor

considering polarization characteristic of spontaneous emission rate and cavity mode was



compared with Purcell factor. We found the value of spontaneous emission enhancement
factor in high polarization was closed to Purcell factor but the Purcell factor in low
polarization ratio needed to be revised.

Keywords : photonic crystal microcavity, nonpolar, a-plane, InGaN , GaN, quantum well,

spontaneous emission rate enhancement factor, Purcell factor, Polarization ratio.
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Fig 1 Schemanc diagram of the device structre.

Surface emission condition

b A [+] 1 2 3 4
MINEEE TEMAX Curent density (k)

PRB, vol. 65 (2002) %‘ X
W1-6 ac F FH A LT BT 5
MoargE B i ¥ B %Ak 3 5 B8 T 54 Photonic crystal band edge laser - Photonic crystal
band edge laser » B]1-6 # % d p & Noda 74 di k ¥ @ %1999# ¢ S8 & »
TR BRR - kS R ED %[31] ) %“*200441‘ XA E R T E Tk
[32] » & ® ¥4+ Photonic crystal bahd edge-l Ser ht’# # T SESG Bl R R Rt o
#2008+ Noda#c 4 ] [ = # m”@l_}_f ¥ - %ﬁ :t_- 3.-,3_ ‘;{i #2 GaN #Photonic crystal band
- e -

edge laser -

W17 S5 1k 5 o 5 I

S MEFT L B st 2 5 R H RS BREE R T SR

F 5% %ﬁ.ﬁg—f#&&&% vk SRR ¥ A 24 3 Kok (defect mode) o ANk FEE AR MR
RS

7



FI1-8 BEa Fak = & S H W

5V enatat F(line defect) BI1-7 0 d ATaE REBCRE R B A R 0 TN UR AR KRR 5 a0
TR e FEHIAEBE s A NPT Al R T O - ek B
[33][34] -

¥ = f8 5 2Lk K(point defect) st fianfﬂ_if _@*,;OL; LR 2 BHP T B I

s . p 3 > B 2 g 2 ae v = =

F11-8 7 sl P il ek ic B B TR 2l ot hmbat fed kit 55 RS A
r._l_.:, A 1.. - !_iiﬂ.}:,'r L .;'r;
- b . N

il e .4 5 = -
e B0 kG Rt U b - R EPER S Fe 3 T o ] g e g k)
f= - " '.'l:"
i i =
ey 4 A E
ek B 2 gR o A Xermm &
T i

Pump wave Flbre-taper P
Pump wave %

waveguide
whispering
gallery orblt

Emission wave

(a) Micro-disk (b) Micro-toroids (¢) Micro-sphere
W1-9 & &z

M B £ 3= v (optical micro-cavity)d & 5§k R enin A 2 EAF chrt g FPt ik

Silica
microsphere

o -:.:‘.’;ﬁd 5 pm

% & (micro-photonic))4 2 L H A8 3 sfcbpss? > - B A ApFRP IR L 2 - > HI L E

LRI RG o A R R RGBT F kG AR R R b GRSk i

ERE AT RIRE a2 2 B3 A 5 micro-disk ~micro-toroids 2 2 micro-sphere
8



®11-9[35] - toptical micro-cavitysh4p s kii » H LB g * fRApF A% > e L g L F ~

%A% %] {8 Vs F F optical micro-cavitys st 3% BRF B XA EFE R
F %% ¥ optical micro-cavity B 455 - » $3t kit £ B IR R B %53 0 F A ® T 2 4p

™

FFOMAR 0 KT BRI MR AP EA R E xR 3R micro-cavity & F &
nano-cavity=hZ K> A & R F|RNPT UL hh kT S Wi - BEA R A eeh
k3 HMEIEEE KT S et

B e EA1T BRSNS ki B AdfA AR S

PE kT N APURT S T R B shy R

3

7E )/% ﬂ—\d 7E'+ ﬂbrﬁ
d%E%é%i@’ﬁﬂﬁ%i&@#%@i${ﬁ§@¥E%%ﬁﬂﬁj’%@*%

wed e S o (1994 & o

b

s
P.R.Bermang [36] » & & F % e~ it — B 25 KTk o B F1999F 5 4o HIL 1 F
O.Painter MFf = 7 £ % - Bk LML AT 5 [37] ) BIL-10 @ FA1* §F &
B g kA2 P gir s kI LA LRI REA L F g M EKT
G kS RHHTERTR SRR AR G F I A4 2R g d

%”%m*@ﬁ’dﬁ18@ﬂﬁ”lmﬁ'ﬂ=@@£muﬁ*%&%ﬂ 1T

‘F_M
N
—_—

(2) SEM i#-32. ) L) HEAF

—Total internal refisction {TIH)
Destributed Bragg reflection (DBA)

3 w —————
Asivm rogon (4 OWy)
P Sulmstrade (m = 1.2}

Fichod Alr Holes jr= 1)
Undenzt Aagian (n = 1)

(@) HHW
Bl1-10 - B&d=rpq| ks LT 'é“]'ﬁ"l‘é%‘ﬁ-° K akF pREFIER X KT N KB
R A2 # dReT S



IS ERENERT FRAEI N kT R EIRES GARF S BT 2R

M AR fy £ PRI e Rk AL & F £ a8 5 F ¥+ (Quality factor) ~ A2 ] #0818

#% (small modal volume) > ijﬁﬂ 7 % 1F Prof. Notomi=@ Ff & 32 #%3+ 5 + v F 3 Q-factor.§
4 5x10%k 3 8 48 & 3= 92[38] » @ @ 5 + Prof. Noda=H @ Ff ¥ 12 #5] Q-factors % 3x10°
£ #&v=[39] 0 ¥ — = & Prof. T. BabarZz 2 Prof. Y. H. Lee eh@ 54 |3 I B304 )
modal volume (Vi) ek & & 88 & 3= 3[40][41] o o »t k3 & 48 £ J= 522 5 high Q-factor
2 small Vi fic > F1t 00 5 A28 QN chE§ QI Vi &5 * iz AP e L% T
T+ Bk 3 1% (quantum electro -dynamics) » &4 Rabi splitting[42] > ¥+ § &+~ i*
k3R 0 K3t E 3 high Q-factor i 2 small Vipsase &+ f 88 & & 92 % msd $ldrd] 5 47 48]
R RS IR T R P B et o 11 'E T S eathreshold currentdt 2§ g it ek
oo Flade® x BAEF ﬁvQ-factorrj-.%{tLi\‘g beiBHE K ek AR B P @ fﬁvm;j‘ﬁ,{ﬁ_

EERE iy

1-3 &= 7 6148

B12& Y AP AR p AR kT BB o ¥ 2 BT M
Podg ot chip gl eh™ 2 A% 23 HMRIRIERF T APFE LR SIFS P
FARE D4 22 AR op FR ST AT R Dp F L NG S
threshold current » 4o % &+ threshold power * % > £ 7 & & b e g oho 2 g % %
WACE G ST 0 2RO > T A F Skt A F Z R % eh threshold
current A% M 4%4F > @ 2 7 & F| ™ threshold currentenis i » Fpb A KT SHPF L E Y
& MAE 4L (#% Q-factor) » H #(#| eHciE 4848 modal volume) - @ £+ 88 % 4= 3% )
i fbﬁf‘u}’? PEL T AR PN 00 aAT T T M OE F A E R R Ll
Jrrpen Q-factor » 142 FE Vo @ RipT G Wy L FF R BREHHBE R
H ¢ 122002+ Prof. Noda® f5 7%= 7 B & & % |4 > Prof. Noda®] [ #-% dr¥p ek 35d R &
ik F BHa? R d 2 7§ (L3-cavity) ® L3 RIEL LA Beng e A
B — B [43] 0 MK R vpenpieid 7 0 -Q-factord B 145000 = + 0 i B 5k £ IR HCL P

10



FARI B A2 ARG Rquasi-L2(qL2) % + & H = 1  # # Q-factor
BE MV o 32 L2k T SR R R o A Ayt £ 5 modified L2 (MgL2) - &
SRR T U SO é%ﬁa‘,ﬁffﬁw‘aﬁmf PR H AR R T S ) 2
EAFAR o4 § PRSP B0 it LAY - L

A h o FdRA K ARk BN R ILH 2 £ IRV O AR S 5
BE M2 MG AN R R EES LT SR

dp T8 = 3R %li*?%gi
BRSPS RS P $T 5 A0 BB AREY -

11



PRE RG> AFZ Y BHHE Podrstd (AT ¥ ) TRPPRI g

AP Hango fj%f%w% £ (crystal) ¥ > R EA AL FHEEF - Ko A LI

Pt 3 X PR E RGP SAL S BENF  B2-10@) kg F TR

Fre¢F T A 4 ik g B TRA Y § XD ARRE L ERN

REEE T a5 k3 N W B2-1(b) > A ERS ECH Gend A F > LA RS F
&

k3 i B4 (photonic band structure) o @ 3% T F & B82Sk 3 a FRehdt e L B AL

=

B B PR I EDAERAT Y N RRME A o R FT AR T W
BRF ED O RITF R B Y @ e k3 R A § e BT

BRI RHY o BB R EE T TR S LA

E'ecm’" Valence Band
s Atom arrangement
§ \J\J induce the periodic
: potential function

Conduction Band
Space

Photon
= .\> PeriodicIndex Air Band
E Variationinduce

eiledeledele:le |e:|e the periodic

Dielectric Band

Space (b)
W2-1- () 5 P s BLE2TINF ) 3B PAITFY B:ka s %
Fad o

LT RS BRI - B AP e ARSI B izg
1A ATAR S AR R AT R S A R R RIS 0 R S A

d A ¥ BTN b ek AR L 0 FIU RS K (7 5 RS AT 5] e 10

12



2217 B EAAE LM S S

- . h? 2
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A = (F+ i) x ————(V + iF) x 2.8
TG N (2.8)
§NQRT) RS AN AR A EE B CH P W TR AR s

Hy@)" %o k4 AR | by) (T2 SRR
H.() = Z B | B @3

| B) # 4 LT 6 BT 7 elOnT i m 2 G 618 o £ 2 Q9T » QT)IF
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=
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< AR 15
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BELRFIREF € B A G AIRp 7 544 o
;F'j: £ }E ER=ER] r%‘r ’ p(hw) = pfree(hw) ’
2n3
pfree(hw) = WV (2.18)

By AR T F T o Tg g kAT

E@ t) = E(F w)e @ + E*(7, w)ei®t
(2.19)
EGF @) = iBpmaxf (¥)

FEORETHETEH bk 5 ROBEIT 28 LF- 52 0 7 [EFmeo @) =
Emax B |fGmax)| =1 2@ BRRBEE T A 62 BiEne i Ao

E@)=ET, ag8v iy £3 i £ kasi

how = 2¢, ] f f n2(@) |[E@)|2d37 (2.20)

FP oy A VY o TGk TN B ey A

hw
Elres = 2oV 2.21)
2m AP
Yfree = Tpfree(hw)T |E|2
2.22)

2rm@'n®  |d* ho
Viree = 3 m2nes’ 3 2gon2V
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(a) 323 A F (b) H - H:i £ =2

Fl2-10 3 i R AT R EH
FF A0kt e R RN hp F s 0 F 54(222) 0 AT 0 fRT] > BApkih
THABIET ek P FEME R ey TRINARATTHERR > BT R
PR BT BBEEGGE  FH Y REIRR - AR T TREEFF LR
Belo LR EHAT - EREEE A T 0 F12-10

. (hAw.)/(2m)
Peaviey(hw) = (hw — hw)? + (hAw,/2)?

(2.23)

L,
AR e o X P REEORIBET ) 57 AT Gk o B AR A R AT e )

Eax 8 A\ enhd e & Lf‘i;ng BA R R ITE B mg‘%'bﬁ‘ Mo TRt AP
(2.6)c R
: hw
Emar’ = |-—F— 2.24
max ZSOnZVeﬁ ( )

Vers » % RIER AR » i &
nzﬁ)IE(r)lzdF
Verr = fﬂ (2.25)

nmax max

FlMt R RPN p BT B

2T — = 2
Y= Tpcavity(hw)qﬂ -E(@)|%)

) (2.26)
2 RG] ity?
Ye = fpcavity(h w)n ZTJE;‘:Z; Y
max
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Beg prdl R B ARIESTIEG Dp B {5 & BB B M - 0 AP

sts

)/cavity/yfreei"’L BT BIRIE AL RVEY HI5] 4 ;ﬁ‘mé\a gEd LT e
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oL e Tt 10 4 0 £ A2 (FDTD) A Wl A $His = B2 oo 35 B > 35 5
S 4r£31e £3-1 % HL~ L3~ qL2% 45%eens s ik oQ-factor » V4 2 -k T g
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% 3-1(a) H1x &%

Q-factor Vm@/n)® &(r)|Ey|? &(r)|Ey|?

HlmodeA 406 0.401 0.31 0.69
HimodeB  164.5 0.385 0.75 0.25
£3-1(b) L3% =92

Q-factor” Vm (A /n)® "&(r)|E.|? £(r)|Ey|?

L3modea 833.32 0:66 0.4 0.6
L3modeb 124.03 0.78 0.79 0.21
L3 modec 260 0.51 0.57 0.43
L3moded 310.5 1.6 0.24 0.76
L3 modee X X X X

4.3-1(c) qL2#£ 4=

Q-factor Vm (A /n)® &(r)|E,?> &(r)|Ey|?

gL2modea 1476 0.346 0.31 0.69
gL2modeb  334.9 0.66 0.87 0.13
gL2 modec X X X X
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