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13 1. Parameters for describing scattering.
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Hepankabzdo] 780 nmellA 7HE & &
Toll FAPH IR W R ok A E3E go
2lgtelv}. ¢AtEo) Fabry-Perot &3 333 U235}
Hatz] HaA, Aol whabe F4

ol HA o] oAt #lolA] tho]l e =oA b2
A=2g AX dggoz @ F 43718 Fasio
T 2 APoR lf‘1?5”jr ol H& dF L FHA;MA

HL
2

I
o 2

Ir

o i
)

o rlo o T
g oo 2
ol i e

4 HE B

2

A3 oz 2Yete sleln® YA H wRgsl WA
th vk} Wo J*P Az ukz 948 AU Si fllolfﬂ of| A gk

Abslol W zich ol 2 AF FAe A FF 4
o] A}£5]3= Coblentz ¥+7119} v} Z25}n] %*d%(stray hght)
of o3 S 501411 AR oIt Si glo|HE WAL

glof] A}&-3t o] f= FEW] 7P ety WEol & *H’:Lfﬂ
o] ThA] Az} ?_}_’QE So0l7te 2 & W=t Abehge
7h ol 2] o JFoll A& 4AE AHE-sle 94%1011*1 oxHd
S Agstgon, A e AP duict 234 zol7t
o} 3 pW o]l A FAE AT AR EHA EAYTH=



66 Z3aks| R A 9 A 23, 19984 4Y

IAER 2% 2o ¥t oleEd # 457 5
e B e A HAES Aok 48 PAE T AL 2

zeo]x] s} A8 p}eES SAs Hojglch 9
AN B AE7H 4 Sehamel ofs) AaH
ALe14 22717 98 elolx sk 2o] Sk AR E
Fsp Hoinh. A 87 AN vhEE 9 2 27} 9)
o Ao ARE AN b B AT FS ZY &

9lck. o5 wE) Aol F A7l w5 AR AZso]
@ 245 049 dole] AR @ - oA elsich. 4
Re 3 Y F A 204 F A8 3 Ao

S dojyozm o] Rojzirh
V. 20 & 24

glo]A ¢lolH Ao t3l FA ¢ Ade 18 5ol FHg
TR EIFE dehbolth o7 $38 %) 0x % AE77}
dols AW 2HE &30 AT E 7le]7|y o2 ¢
FE 4 7 ol st o] PAPRBRERS dlojE
e 0 A 10 1 Aol v/t G, ol A e faa
a7)el F @79 dolA] W £ mFolch. FHE Ay &
Aol o]y Wle] 2L 2HS w4 Tol A 4 T Ao
A aggrg 24 2 288 Bl 53 Ade 19 69
M Bz q Qlek golA] ¥ Fol F e AR E Eole vt
FEEZ AAst 23 #lolA] #ol 0=180° A U= F

s

0

e

r

9

X,

40
o B[ % P, = 399 KW
2 =30 &
o @
a=Zz25)F ™
8201
L2157 L]
TR10p N
2 5
0 e

0 10 20 30 40 50 60 70 80 90
O, (degrees)

1% 5. Scattered light power from wafer A.

10*
10°

[

[

1

r |
10% |
|

Laser power(Watt)

1

1

]

. ]

- ]

1

1070 ]
1

r TIIIIIIIII' .lllfllll,

15 10 -5 0 5 10 15
Angle(degrees)
13 6. Beam profile of incident laser light.
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218 9. Fraction of scattered light from DBR as a function of
roughness and the contribution of top surface.
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For detailed characterization of scattering losses occurring in VCSEL's distributed Bragg reflectors, we performed scattering
experiment and obtained the information about surface roughness through the analysis of a modified transmission matrix
method. The various wafers grown for VCSELs were used for the scattering experiment. The fractal surface assumption and
extrapolation is used to estimate the scattered intensity near specular angle. The modified transmission matrix method
employed in the analysis considers the scattering loss at each interface and calculates the reflectivity efficiently and easily. As
a result, the surface roughness ranges from 4 A to 10 A. The reduction of reflectivity due to the scattering amounts to (.26%

in case of 10 A roughness.
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