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Abstract: Based on cavity quantum electrodynamics and physics of quantum well, the spontaneous emis—

sion spectra in quantum well micro—cavity lasers with DBRs have been calculated. As a result, spontaneous
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emission intensity in one direction can be enhanced to about 10" times greater than that in the semiconductor
bulk material due to the confinement of the micro—cavity with DBRs and quantum well to the photons and

carries, respectively. The total spontaneous emission intensity also increases 10 times.
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Structure of Quantum Well DBR

Laser with Microcavity

Guy= lA,+ A% (3)
XH
~ It exp(i®2) .
Ae a= 1- i exp(i2$h (4a)
JIT rarexp| i g‘ﬁ[
A= T ep(izh © (4b)
b= zmr”'('(lse (4c)

A



986 o5 ko 21 4

AP e DBR B B REG T GRS R A A AL FCE I LRI D B Lo A TR P 1 2.2 ]
B 0 AR B 55 W EL T ) e s e b 1 ol B0 3 A . AR A 3 0 B B ORI LT R g
AN R GE, dOR TG BUES S AS AAS FU B A A i T R T A T A AT Rz AR
A&, TR ISR G 5 4 T LA A L T 3, S5 G I ST L T BIERORS (R B A6 ) ae S BEAN Y
A B, ] DBR G AT 250 S5 S A4 AT B0 I 3800 28 i 18 1) 5 S 4%, ] LA 3] DBR Bl b X0 3 1)
GpAlE, G it BE R GRS, W) DBR S B RO SO 88 10 B AR b

A8 Im
RI(E) = A ﬁBﬁQC.-[B,(HE)f'.(E)[I— FAE)] Pet( E) Fu (5)

A Fo R BFERITH B b % ] SRR £ (E) AL (E) 23 2 s Al T SOK PR G pea(E)
R it FRFR BRI A BREE ™, ¢ O DBR BB I % ) SRR s A .

_ (,{EEE N E
A= 8 h’eomich M (0
B A% 1 SR Cs
Ci(E.8.9 = %ﬁ( cos’Beos Psin® + sin’Psind) (i = x,y) (7)

A @A ST T IS T R T Bk A A T ) R T R T ) L R T
JEAE T () de B AR U 2R R % !

, S
oo T Tn
Ra(E) = a () i : ade (8)
k“fi (EL- - E)Z+ ;{L

Jerb iy Y sl FR N ).

Micro-Cavity with 20 Period DBRs

———Micro-Cavity with 10 Priod DBRs 3 gﬁ % 5 iTj' 'I,ﬁ

&

"

3.1 DBRWBEHNRBHOEHE

P 2 Ay R B 5T DBR SRS ()4 280
#, W mo= mi= 3.59(GaAs). m= me= 2.97( AlAs).
e T LA AE i K ao AR 281 DBR 1R
SRR (R B4R, SB35 (A . DR e B v A7 e i
(1) TUIHTERE, X R % )2 DBR TR 06 2% I 10 147 45

Reflectivity

/2o VE. BiAT DBR J2= 80039 0, AN/ XA A4 5 7%, 5 )
% Jz DBR JLAT ™ K 1093 BEAE I, DL 2 )2 DBR A7 )
B2 DBR RSO B A 20R 5 % Tl O A S B £ B 1) 1 AR ARG — R

FIG.2 Reflectivity of DBR Laser with Microcavity PN FL245 3% (1 14 3,
3.2 EFHDBR MM AR A LR FIE

12 v 28 UL A B8 RO ) I E R R, I LT AT b B A R S R O Ty 1l A
6 9 R T 1) 10 2 R B TR 7, 1 A s 2 1 A 3 i 7 20 PR I e, Ay i LR BL e S A A R L B
Bl T ' e 9 T LR g 1) 0.5 T P R RS (PR 3) RN AN T ) R I AR R (P 4y JEr
= 300K. - FAREMELY i-GaAs, 5T BN GaAs/AlosGaosAs, BFR Jy Snm, 7 NG 7% 0 3x 10"
em” 7y Bl ) BT 20 X4 DBR ALRE, KR LeX o= 0.4047um. X HN T 0T LU, P4 3 ool itk
OB BEAE 0.5 BEN I R R 35 D28 KT 50 £, Snk EF DBR R HO% 85 05 0 0 3R A 9
ErbAE ) A bR R R R BE G B GRE FRES T AR 0 g s, A i A AT TR AR, I ) B
BT AE N BT I K HE S T2 A AR L, [ I 1 B CR A AE R R T A A TR 5 ) [ o, SR



10 44 B ARAE: BT UF DBR SR EOGRE D A AR R 987

TE B RO BRI 895 55— i, i1 20 % DBR 1 B 3 R AN [ M A2 40, JEAE — i B T TR A 42
T4 S, T DBRGORE P 2025 3 0 4 10 e 0 L <6 D ST 1000 00 e T o, 08 AU A A ol R s R A
fi) 5 ) 48 S 1RO 1 399 2, DBR G808 42 T 50 Jy 1) PN ) 19 B S S AR T i e O AR O, PR A
FUERI DBR BRI AR R, I8 B DBR BRE hE 1 BF SR R (8 T E B A ARG LA T
PSR 3 A1 3) . I HLE R 1R R S SR B LA 2 o S R AR R 10 fi%( 1 4) .

TE

15 3 . - - TE R, in a Micro- Cavity
[ N2 310 em  Rain a Micro Cavit 1600 N=3x10%em™ L x 7, =0.4047 ym
— Tin = Infinity Lex fig=0.4047 pm —ro—Infinity

SN0 =00 L 50 period Material N S d.=5nm

DO /"f.-=5 nm 120 | =T /Z&)I’crmd DBRs

T 120p £

) z

o H -

5 |

= 80 i

v 1 N i . ;

kS ina OW 2, [R,inaBulk R, ina QW

‘E’_. 40 SO0xR,, in a Bulk /SOXR"“ ina QW S i ;.‘;;:e;alu ; d,=5nm

& [ Maerial f w < 1 P

— : , , ol T
1.40 1.50 1.60 1.70 1.40 1.50 1.60 1.70
E/eV E/eV
B3 cf SR B EE DBR Bt Bk B4 G iR el e DBR Bl
Ji 85 s B 1 £ B A e i O s 0 A R TG

FIG.3 Spontaneous Emission Along Single Direction of FIG.4 Total Spontaneous Emission Spectra of
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