5547 B M 5 = S 14 Vol.47 No.9
2018 4 9 A ACTA PHOTONICA SINICA September 2018

doi:10.3788/g2zxb20184709.0914003
980 nm HEE A FIRFOE A 2 1 T2

B R, IR EE R A ERR KRR, M EM!
(1 KEHT R % S FLFEREOCEZRESLEE, K& 130022)
(2 v E B2 BE IR 9K B 5 90 K5 A 5T T L YL SR 215123)

H EBEATHRAFFAEALBEAAA BRI L PMEBRAE 2R EHEAETLHNEG R AR BER
Il Tk a ik Aa g A0 2 AR F B, 2F 980 nm 4B F SRS A B 2 bk T L AT AT A & @A R
5 2| ik BART R, AT R R RR AR E B £ R AT AR A F B T Al *stHa\«&% 5 e w 3R
WA TmHBRG Y e AR EREAN, kB mRA NH, - H,O: H,0, : H,O=1:1: 50 4 J& iR & 47
BRI AR ELY A T nm/s, RER HIH . LHERET LA BRIFOMEE Y MW, A A& BR4BEe
BT AFR R FE R AN B A E R TR R I S 4B Ak 6 L
XER.EVFFARELE;RAE; 2RI Y ;AR T BRI

thE 4 22 . TN305; TN365 SCEEARIRAD . A X EHS:1004-4213(2018)09-0914003-7

Etching Process of 980 nm Tapered Semiconductor Laser
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Abstract: In order to solve the problems of bad sidewall steepness and device repetition in the traditional
etching process of semiconductor laser, the etching process of 980 nm tapered semiconductor laser is
optimized by means of the combination of wet etching and dry etching. The difference of wet etching
solution and concentration ratio is determined through the study of mesa roughness and etching speed.
The effect of inductively coupled plasma etching on the surface morphology of the damaged grooves in
ridged waveguide and cavity is analyzed. The results show that the etching rate is about 7 nm/s, and the
etching rate is easy to be controlled by wet etching with the ratio of NH, - H,O: H,O, : H,O=1:1
50. The surface of the sample has good roughness and uniformity, the ridge waveguide and cavity etched
by inductively coupled plasma have good steepness of the side wall of the groove, and there is no
transverse drilling erosion.

Key words: Tapered semiconductor laser; Steepness; Etching process; Ridge waveguide; Cavity failure
groove
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KW EOEE S B 4B A LI & W 4k % M U € (Metal-organic Chemical Vapor Deposition,
MOCVD)EAEK HME R 45 LR 1A IR IX HAEHE AR 7 nm JERY InGaAs =& FBF. B NS ESH8 P
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Table 1 Diode laser epitaxial layer structures

Type Component Thickness/nm Doping content /cm ™ *
P++ GaAs 400 1X10%
P Aly,Gag s As 1 000 1X10'
P Al Gago As 1100 1X10"
1 Aly15Gags; As 10
1 InGaAs 7
1 Algis Gaggr As 10
1 InGaAs 7
1 Aly13Gaggr As 10
1 InGaAs 7
1 Aly13Gaggr As 10
N Aly 1 Gagy As 1 600 1X10"
N Aly,Gag s As 1 000 1X10'
N+ GaAs 200 1X10"
Substrate GaAs

WOLIRZEF N 1 FToR , B2 i AT BOR X A U 5 X5 T I TR =3 43 449 s % 1 AN (] X3 1 g ok
&
D) HETE R DX X T4 JE 38 25 X108 220 okt % 8 2 SR AR AR IR IR ™ A 38 75 8 422 fih J2 8 43 8 ok s 1)
AL A SCIE PR HE R B P IR BEAE 450~500 nm Z (0], H 02 s S B 2 0 #Efil)= . L 1 7T LU Y, HE TR 3 25 1X
1Y I RO I, L 200 e %8 32 0 3 308 T3 5 RO TR T o 1) 958 325 JE8 ok XoF 5 T 3 A 20 e, 7 DA A 20 ot
GaAs-AlGaAs #BHA 2 i %8 B — @ W B H 9 HL SO, /H, O, /H, O & WA 8 . i F H, SO, i 5
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Fig.1 Structure diagram of tapered semiconductor laser Fig.2 Lateral drilling erosion of wet etching
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XF T T 200 R AZ6112 SCZ AR NI Z  an & 3, K TR B il FD ICP 13k 210 1k %) 5 Tk 47
Z1 AR T 2R SE 520 3R

D GaAs MOBHER NG YE 4350 I B 5 I BRI 5 min, K8 F /K w5 2SR T

2) TE R b 2 1 AE G 20 B RS SR R AZ6112 S22 » Wik v Rt R 700 J 2047 e e Uk G JE Uk 254444 4 000 rad/
min,30 s, HHE 100°C 120 s;

3) LG ZI R M HE S, R MAG 6 20 BILE 47 0% 20 Ak 3 B A5 i b %) (1 e 7% B4 5 3R 18T, R R 9 65 1
20 o 25 R v 55 R AH I 09 06 20 RR AT 20, S 20 R SR S IR RO 2 s, R 30~35 s, 18I 110°C 120 s,
Z )5 R i 5 ICP 20 ik 77 2 %6 A TR) 65 18 47 220 1okt

D 58 NS S A PSR LS T BRI 5 min, K e e AR T H IS 25 R 6 20 B .

T — T

(a) Spin coated photoresist (b) Photolithography (c) Etching process (d) Removing photoresist

K3 ¢mzuneril
Fig.3 Table etching process diagram
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GaAs TE¥R A B o B4 6 8% ) di A o 1L, LR g =k -
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AlGaAs WA FELLE L F FHad E AR (H, O % Ga®t Al As™ S AL, A BRI 9 S840 90 . B A iz
BB VA VR » 1 3K S S 0 0 e A 3K A T VS YR 8 B 20 ok i) X e R O — A R R R BRI Dl AR
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0914003~ 3



P/ R S 4

G

Z ok T RO DX 22 R B R 9 T i A ok VR B T EE S S ok R B el GaAs AME 384y
FR /N R DU RE 5 il g 1.5 2. 83,54,
8 DU A e R] 2 03— T O 2 I L X B 2 i
B BN MR B AE L R IOLZIE N 7 1 GaAs #
RFAS A ok YA Aok Bt 2R AT LT L R AL B AR
B FE K NH, « H,O: H,O, t H,O=1:1:5(%F
M A)5 NH, « H,O: H,0, : H,O=1:1: 50
BT B PR B M S i f £ 1 FEd S 22 B
b TEJE R A H R 1 min. 3 min; £ 3 FEi S
4 HEEME B 4507 1 1 min, 2 min. & /)5
FH B F K vk s 203K F A B30 2 ok
JEE A 20 ol R E B IS Y O R DG %

Ha4 Xz ed@EDHEAK
P HE T TIOR IX Y R 5% 7% 21 FF o 3R 1, An & 4. Fig.4 Tapered amplification area after lithography
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(a) Ridge waveguide (b) Cavity failure groove
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Fig.5 Local topography of mask plate
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X T HE TR 18 4 DX 220 e o 4 i 2 A 0 T b B BT, AR R 1 45 AN E S5 A L SR B T
PR BEAE 450~500 nm Z[H]. 3R 2 T LA, HRCHOY NHs « H, O 2 Ho O, ¢ HyO=1+ 1+ 5 W, 2l &
951,38 nm/s o 20 b B AR G bR L ok 2 ok R B XE LA AL TS S EE O NH + Ho O+ Ho O, + HoO=1: 1 ¢ 50 i,
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Table 2 Wet corrosion results

Sample Corrosive liquid Time/ min Etching depth/pm Corrosion rate/(nm * s~ ')
#1 Corrosive liquid A 1 3.08
*2 Corrosive liquid A 3 7.65 o183
£3 Corrosive liquid B 1 0.392 2 ;
H#4 Corrosive liquid B 2 0.534 5

WA 6,3t AFM I3 25 5 0] DLk B, 28 0 S il A T ek (%) AR ot 2 TR B 1,12 nm, JE PRI B JE 1k
PR it 2 TETREURE B2 0 0.52 nm JE Bl A P4 R okt B Sk DR, R ) 4 o 20 ik R R L LR 5 2 TRTOREDRE B O 2% T
TV B A T 00 Ak 20 ok 5 55 o e THDRDRS B L B BRBCLE A NH, « H, O 2 H, O, : H,O=1:1: 50 )
Tl IR X IR A 1 T R DX AT 1 A o AR it 20 et 8 B 25 5 4 i o [ 8 T K X 38 T LA /N 1 % T
FHLRE i

10 nm

—10 nm

2.0

L5 ' 1.0 L5
1.0
0.5 x/pm 05 x/um

(a) Corrosive liquid A (b) Corrosive liquid B

B 6 #&th AFM Il B4 2
Fig.6 AFM measurement results of samples

T AT B B ASORT 220 ol VR D DX A A 00 B R 2 TR B B ST M R A AR R K o AT RT DA P e
B NH; « HoO 2 Ho O, 2 HoO=1 3 15 50 (1% J3 1 i , B 68 0% UE 220 ok % BE 1) T 458 M, SCRE 1 4 o 3% 1T 2L
ARG AOREDRE B RN 220 ol TR B 34 S0 1 DR O U R T L B B PR VRS S FH T 980 nm HEIE B RO A% th HEIE ik
KX il .
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SEI SR H ICP-180 5 £ W I 5 -5 5 B O TR 00 47 1 32 220 o 32 2 8 ol T AS [) 18 S 480 b, 90 4 ) 4 o]
A5 B R B RN B T S R AR A — S AR VR QIR ) ) 3l BV R A T AR B, R AR TR L
FRARL A 5 55 R 0 B A B A X SO - 5 4] I 3R A B AR L AR S A L R (I D ORI R R R
IS b7 A S T A 3 S 25 . A R A A L SRS A A O e IS 3R T Ak 2 S0 A D T R R B AR
FAUST Y ik 2 b e A Y P RO BT R AR N L 7 AR A R SR A gk B T 0k B .
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(a) Scanning electron micrograph of the ridge waveguide (b) Scanning electron micrograph of the cavity failure groove

M7 ICP %4k % &
Fig.7 Etching effect diagram of ICP
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