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Acid etching of GaAs substrate of external-cavity surface-emitting laser

FANG Qipeng ,ZHAN Xiaohong ,LIANG Yiping ,JIANG Maohua ,ZHU Renjiang ,WU Jianwei ,ZHANG Peng
( Chongging High Education Key Laboratory of Optical Engineering, College of Physics and Electronic Engineering,
Chongqing Normal University, Chongging 400047, China)

Abstract: Because of the large thickness and low thermal conductivity of GaAs substrate in external-cavity surface-
emitting laser, the heat diffusion of active region is seriously impeded and the laser output power is difficult to improve. In
order to remove the GaAs substrate, sulfate acid corrosion was used. The corrosion effects were compared with different
concentration etching liquid at different temperature. Atomic force microscope photos were used to represent the roughness
of etching surface. The results show that when the volume ratio of the etching liquid V(H,80,):V(H,0,):V(H,0) is
1:5:10 and the temperature is 30°C , the moderate etching rate about 5. 2pum/min and the 2. 7nm roughness of etching

surface is obtained. The good etching effect of GaAs substrate provides the basic guarantee for the next step of the substrate
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removal-selective etch of the stop-layer.
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Fig. 1 Schematics of a VECSEL

a—with the substrate b—without the substrate
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Table 1  Experimental results under different etching conditions

V(H,S0,):

sample V(H,0,): tem‘;izame /“mm; r”“fﬁ;ess ( rfiw/. o

V(H,0) pm

| the (?riginal 12.1
piece

2 1:1:3 30 20 7.9 9.0

3 1:1:3 40 20 5.9 12.9

4 1:5:10 30 120 2.7 5.2

5 1:5:10 40 120 5.9 3.1

6 1:5:10 25 120 11.3 4.2
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Fig.2 AFM images of the etching surface under different conditions
a—unetcheal original film b—V(H,S0,):V(H,0,):V(H,0) =1:1:3,30°C ,20min ¢—V(H,S0,):V(H,0,):V(H,0) =1:1:3,40°C ,20min d—
V(H,80,):V(H,0,):V(H,0) =1:5:10,30°C ,120min  e—V(H,S0,):V(H,0,):V(H,0) =1:5:10,40C ,120min  {—V(H,S0,):V ( H,0, ) :

V(H,0) =1:5:10,25°C ,120min
B JRPURREAS 4 SR A B il B LEREAS 5 1) J et
AR 10°C , ZERAR A B R B T, BUR K #8E k
BN TEREA bk 7 1) S5 I3 R A6 4R HR PR Y S
LR AR (RS S Il R A4 ), AT ARAR L T
A5 FIFEA 6 MBI P 3R . FEAS 6 JB5 bt il 2 A
XIREAS 4 65 e 7L B TEAIG 5°C , &% SR 2 JHL s 7 okt
WACFEA 4 48 AR RIS ] Y X GaAs (145 il 2 BE /N
[l AEAS 6 FJET il 22 1T 1 7 B AN AN AR 4, 5
PR 22 7 Al P 140 52 17 ek B B s oy 3 238 T ok 2 1 ™
A Y EAC ) R BE S I I T IR 8, DA TG B A TE T
PR, 5200 1 JE P T PR

M 2 BT LU 7R R TR, i AR AR
ok V(H,80,):V(H,0,):V(H,0) =1:1:3 JE ik
FRAEA 1) JE ot 3 2 felf TR B LG Oy 12510 J sl ik
PR 2 A%, {H 58 2 I i ] ] i DA AP 6 T - 2 3
AR B, R Sy el R e ok el R e DA DR A5 okt 11 1
SV BRI 1) S ol e T

3 & i

=A

FHBLIR 7 i 1k VECSEL 3 25 M 7 1) GaAs
SEEAT TR0 LB 5%, R F R T 0 S8 A e
Fr 2 AE TR il 2 T A RELRE B T OV Y TR R L
V(H,S0,):V(H,0,):V(H,0) 435k 1:1:3 1 1:5:10,
JEEPTRLEE Ry 43 390 Oy 25°C ,30°C F40C . SEIR 2 R R
B, X I L P 0 ol R I 8 ) 18 o 3 3%
TR AF 22 7L o 38— B, 25 3 BOSEEUK Y
PR RASIE I, ST S5 ot 3 AR AR AT 5 S5 30 v %
TR PO et S — e T AL M 5 e T 14 J e 24
M AR R V (H,S0,) 1 V(H,0,) :V(H,0) =
1:5:10 B EE o 30°C B, JAF fh ok R GE B,
5. 2pm/min, bR EDHLRE BE 2. Tom , JE5 il SR RICR
LS LIS

& % X #
[1] SONG Y R, ZHANG P, ZHANG X P, et al. Intracavity frequen-



678

T TR

2014 9 H

(6]

cy-doubled green vertical external cavity surface emitting laser[ J].
Chinese Optics Letters, 2008, 6(4) :271-273.

SONG Y R, ZHANG P, YAN B X, et al. Intracavity frequency-
doubled green optically pumped semiconductor vertical external
cavity surface emitting laser[ J]. Chinese Journal of Lasers, 2007 ,
34(12): 1763-1763 (in Chinese).

CALVEZ S, HASTIE J, GUINA M, et al. Semiconductor disk la-
sers for the generation of visible and ultraviolet radiation[ J]. Laser
& Photonics Reviews, 2009, 3(5) . 407434.

KELLER U, TROPPER A C. Passively mode-locked surface-emit-
ting semiconductor lasers [ J]. Physics Reports, 2006, 429(2) .
67-120.

HARING R, PASCHOTTA R, ASCHWANDEN A, et al. High-
power passively mode-locked semiconductor lasers[ J]. IEEE Jour-
nal of Quantum Electronics, 2002, 38(9) . 1268-1275.

ZHANG P, YU W M, SONG Y R, et al. Technology of SESAM

[9]

[10]

mode-locked OP-VECSELs [ J ].
(3):291-294 (in Chinese).
HOU L F, FENG Y, YANG Y Zh, et al. The wet etching process
of high-power VCSEL [ J ]. Chinese Journal of Luminescence,
2011, 32(6) ; 598-602 (in Chinese).
HANSON A W, DANZILIO D, BACHER K, et al. A selective
gate recess process utilizing MBE-grow In, 5Ga, 5P etch-stop layer
for GaAs-based FET technologies[ C]//Gallium Arsenide Integrat-
ed Circuit ( GaAs IC) Symposium, 20th annual IEEE. New York,
USA:IEEE,1998:195-197.
LIN L, WANG W, XU A H, et al. Wet etching of GaAs/InGaP
heterointerfaces| J . Journal of Functional Materials and Devices,
2008, 14(3): 634-638 (in Chinese).

LIU X W, YU Y. Isopropanol in the role of silicon in alkaline

Laser Technology, 2007, 31

etching solutions[ J]. Equipment for Electronic Products Manu-
facturing, 2010, 39(8) ; 23-25 (in Chinese).



