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Fig. 1 Semiconductor laser and coordinates
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Fig. 2 Optical mode distribution, calculated by semtvectorial 2D waveguide model.

buried stripe laser; (b) 980 nm ridge waveguide InGaAs/ AlGaAs/ GaAs laser

Table 1.

Structures of two conventional semiconductor lasers

x/um

(a) 1.55 Bm InGaAsP/ InP

Item M aterial T hickness
980 nm laser
Cladding layer Alp 35Gap g5As 1.5 Um
Well InGaAs 8 nm
Barrier GaAs 10 nm
Waveguide layer Al,Ga)- (As, =x: 0.1~ 0.35 90 nm
Ohmic contact layer GaAs 0.2 Bm
Substrate GaAs —
1550 nm laser
Upper cladding layer InP 1.2 Hm
Well Commpress strain InGaAsP A= 1. 60 Em 7 nmx 6 nm
Barrier Tensile strain InGaAsP A= 1. 28 Hm 10 nm
InGaAsP A= 1. 28 Um 60 nm
Waveguide layer
InGaAsP A= 1. 10 Um 60 nm
Ohmic contact layer InGaAs 0.2 Bm
Lower cladding layer (substrate) InP —

X B 2(a) 1 1550 nm WOGHS G5, THEL T &R
M L5 um 3.0 wm JEE N ARBE AR M2 A
TR NS B . XTI 2(b) BT zs 980 nm #OG 4% &5
i, B h= 0. 25 Bm, oF5 T 4% M 1. 75 um
4.0 umit B 4 ABE A O A M2 DR 0 AR AR
Wi, BN R A AR A 3 TR, M A
TR LW 4 ok .

MGEFnT LUE B, BRSO v 7 B
Wi JEHE A A Bl 4% T8 AR 51T A2 K, 980 nm PO A
WILE 2% 55 2 um BT AT AN AME; 76y 7 B

SN T BE AL IR A, XS A WOGARAE y i L
TR TG WEESREM, v Fi LK
e 39 R A B 4% TE AR K ERIE B AR AN, KA HE 2 k8
A1 76 x J5 )b, B4 58 A8 R U /) EG A B B,
JEILIE 1550 nm WO A, 76 3L 4% 95 b E B A R 1K
IR T 18 22, M2 F 980 nm #OGAEEIL 4
AR N N T 60

M % PR O T ok B 5 R 32E 39 % 5 A R 2
Zi . M 4 e LUAE 3, Bl 4% %6 A8 B8, 1550 nm I



a8 x o it 23 %
1.6 O] 50 _ 2.0 ® 40
g 14 T —ls5 e 18] T — [ %
= \\ S S 1.6 =
S1.2 L40 o 30 &2
- \ = = 1.4 g
.z = @ g
510 < Wo — —0. 35 8 =12 Wo — —8, 23 g
E oWy, — _91- o 1.0 e Wy —r— 8 E
50 E v 120
08 ~~ 30 5 = =
I — ~ Y= s 0.81 = e—— 15 E
064 "t :"':--....»253 0.64 « o e .'_'-'_T_""-T-'-h"'“'"""]o:‘
15 20 2’5 30 2.0 25 3.0 3’5 4.0
Stripe width/pum Stripe width/um
Fig. 3 Dependence of bea waists wg . ,= W, ,(0), and farfield divergence angles on stripe width.
1550 nm laser; (b) 980 nm laser
1.7 o) 1.50
1t 1.451
1.6 e
1.404
_ "M: = .
g 1.5 g 1.354
& kS
,.: 144 - 1.304
1.254
ot R 1.204
1.2 1.15 * v -
1.5 2.0 2.5 3.0 2.0 2.5 3.0 3.5 4.0

Stripe width/pm

Stripe width/um

Fig. 4 Dependence of M7 factor on stripe width. (a) 1550 nm laser; (b) 980 nm laser

980 nm WOLHE MT FIM T #A/N, HA/NT 1.4, 7
M A BT 2E, fE 3L A 4 58 AL
PASAE L3 50k 0. 14 F1 0. 07; M2 A8 4 5 EL 4k Ja
FU, R AR N, H Y 4 96 LB TR N AR A 2%,
S RIRAT 1,40 1L 19, 76 % F 4 B AL T M2
#hik/NT 0.3 Kid .

XA TG WOG A RIE, B T 4% 98 AAMEAT 55

Sh— AT RS HI 5 B O B3 J2 I e, 610

980 nm WOLALEL A XF M2 RS mEAT T 4,
HUAc B8 3.5 Bm, vHSE5 R 1 5 B K k1
A M2 SEWAR /N, S AE 0. 02 LA, X M2

SR, HAE 0. 05.

1.34
1.321 ) -
130 " Tceeaaeeeen I
§ 1.28 —
E 12 6d L. ,F.{,‘
o 1.244
: 120 \/
1.20
1.18
1.16 : _ . .
01 02 03 53

Residual cladding layer thickness A /um

Fig.5 Dependence of M? factor on residual cladding

layer thickness of 980 nm laser

4 HERVHE

ML 4l AT LA HY, 3 R g 8 o S RO
PP Ty M2 AN T L7, KEB A
OUR LN T 1 4. 745 T8 AR A I, 3X B A IO 4%
(9% TR R TR 1A A8 A R R A S AR — B, R 7
Bt BAT— 2 10 25 5, 3% e 25 S S U5 T P 3 1K 0 i)
WA . 980 nm WOL 2% 10HF KT &5 M7
1 ESESSHTH G5, 0 1550 nm #0688 A HE 1
W F A, fEM ) B T omdr i 2 55, XM ST
P RO 0 A A ) BB AR RN B A A %
5, 75 R BES TE s 0 R A JE 3 45 0 el 1 0 g L= 1
55°F 51, B A 528, A 3 BN AT A e A
i) 2 BE 15 50 T 980 nm WO &5 100 i) SR 5 J ) ik
KT 1550 nm OGRS .

SCHR[ 7, 8] X 2 F AR WOE 28 8 H 5 ) L M ?
T RS THSE, T M2 RPN T 14,
JCJGBRIAE T S0 Ak 2= A OTs 45 16 ' 1 A2 AR Bk 11
T (BN SUAE A5 DX R JL B A 6 20 A, 1 U5
XANEE R 0), IKFE— K, oA B+ 0Pk %
(RFENTFREK DR L), SBT M< 175
B sEBR b, AT A O RO R A £ 2
FA T 1 2 PRI 3K 43 A 11, AMEAS Sl 7 AR, i FL
St i BRSO 88 11 5, e da o A e AT



144 PN R

ST FAREOE B LR A T M2 [FR 5 49

YEDK LAAN BRI 1 1A E a2 L)Y, Rk AE 5
oM 7N o6 SR A A ROk K
JE, REE SUHOE R M2 P ARSAT 1.

B, A S e T A R 5510
S, T SZBR IR P S RO B8 70 AR #5425 0% S,
TG | NS R AT e PR SR AR . RS
R 82 A S 23 0 A B 3ok SR AR A T Ty A B R
TT0A, IFRA AT U X 1 8 25 4 1k TR B R B 4
SR R ST S AR R AR A, A B R B B 2 g
LR 2N A8 I 6 25 R A3 e AL DA R A B
%, DR 37 20 A1 A0 R 3 A 5518 2 IRV A 6
W, S O SRR AT 1R R B 0 T 4 2% RO
AR RSO RR A A SR B 1 B LR A0 AL
R ARG AE G 2L S0 E R R R Bl R DGR
HIBLE, 75 B0 G 25 0 A S LR, 3 — 2B i
Wk SARBOL R PR .

835 R —AHER R ek SRR Ak 6 il ok
B R TS T AT R T 5] 980 nm T IE K
TR 1550 nm FEHL BT 5L T HRBOLRHE =
Yy iy M2 R ST M2 B AR
TR T ESFRUEOLR B S B S REMCR.
SR B RSSO ] - SR EOe AT+
B ) 3.
Z % X W

1 Guo Fuyuan, Correcting astigmatism transformation in

semiconductor laser beams. Laser J., 1997, 18(5):28~ 31

2 Wilson R G. Balklens coupling efficiency for laser diode to single

mode fiber:  Comparison of independent studies by distinct
methods. Appl. Opt., 1998, 37(15): 3201~ 3205
3 Siegman A E. Defining the effective radius of curvature for a
nonideal optical beam. [EEE J. Quant. Electron., 1991,
QE-27(5): 1146~ 1148
4 Cao Qing, Deng Ximing, Guo Hong. Optical beam quality
factor of nonparaxial light beams, 1. Definition. Acta Optica
Sinica( 6 % % L), 1996, 16 ( 10): 1345 ~ 1349 (in
Chinese)
5 Porras M A. Noir paraxial vectorial moment theory of light beam
propagation. Opt. Commun., 1996, 127(1):79~ 95
6 Li Yajun, Katz ]J. Nonparaxial analysis of the farfield
radiation patterns of double heterostructure lasers. Appl.
Opt., 1996, 35(9): 1442~ 1451
7 Zhou Guoquan, Zhao Daomu, Xu Jinxin e al..
Semiconductor laser with beam quality factor M*< 1. Opt.
Commun., 2001, 187(4~ 6):395~ 399
8 Zhou Guoquan, Lu Zhangde, Wang Shaomin. Study on the
perpendicular optical beam quality of GalnP/ AlGalnP strained
multiple quantum well laser. Chinese J. Lasers( i [1‘]1‘3?‘;[}'[.)
2001, A28(7):583~ 586 (in Chinese)
9 Hunziker G, Harder C. Beam quality of InGaAs ridge lasers
at high output power. Appl. Opt.., 1995, 34(27): 6118~
6122
10 Wang Shaomin, Zhao Daomu, Lu Zhangde et al..
Demonstrations for optical beam qualities of quantum well
lasers. Opt. Commun., 2001, 194(4~ 6):425~ 428

11 Stern M S. Semivectorial polarised finite difference method
for optical waveguides with arbitary index profiles. [EE
Proc., 1988, 135(Pt.],1):56~ 63

12 Herzog W D, Unlu M S, Goldberg B B et al.. Beam
divergence and waist measurements of laser diodes by near
field scanning optical microscopy. Appl. Phys. Lett.,
1997, 70(6): 688~ 690

13 Nitta K, Itaya K, Ishikawa M et al.. Astigmatism in ridge
stripe InGaAlP laser diodes. Japn. J. Appl. Phys.. 1989,
28(11): L2089~ L2091

Theoretical Calculation of Beam Quality Factor M~ of Stripe Semiconductor Lasers
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Ye Xiaojun Kang Xiangning Xu Yun

Abstract:

real refractive index stripe waveguide semiconductor lasers, plane ridge waveguide and plane buried

The M factors, beam waists and far-field divergence angles of the beams of two kinds

waveguide lasers, are investigated by means of nonparaxial vector moment theory and plane wave
spectrum. The waveguide optical modes were obtained by a semrvectorial 2-D waveguide model.
The effects of waveguide structure parameters on ¥ ? facotor are discussed and the beam properties
are compared between the two kinds of laser structures.

Key words: laser physics; beam quality factor; optical waveguide; semiconductor laser



