$20% H11M x B

2008 4 11 H

& % %

JOURNAL OF SEMICONDUCTORS

Vol.29 No.11
Nov. ,2008

& 7754l InAsP/InGaAsP £ F B 1. 3um
EHEEA AL

EEF AENOF B A R

ChERER MRS SEEBORIRI (F RN EEE G LRE. Lif

WEE % &

200050)

WE: Wi Ik T i InAsP/InGaAsP Jij 48 #M £ & F BF A I 2 . Si0, /TiO. v i I F1 GaAs/Al(Ga) As 2 5k 43 fii
A A% I 85 (DBRO A4 i 1 3 T 1 & S0 #% (VCSEL) . 3R FH B A i R 9281 InP 324 5 )2 5 GaAs 3k DBR B
Rl s I 2 3 00 i Y 9 T e SRR I BR A L AR RN DU A B DBR SR SR AR T L B InAsP/InGaAsP & + B 3
i T & S 6 2% L B L I 13, SmA, BB I K 1288, 6nm.

KEEE: TEH MRS EOCE: MR EEES; BB
PACC:. 7280E; 4280S; 8115N
RESES: TN248 XHkFRIZAS: A

1 3§

T H & S EOE 28 (vertical-cavity surface-
emitting laser, VCSEL) A HY\H TAE | [BIE 4 th ol
W ARTIAE AR B AE o 8 ] 3858 5 T 4 B 9 4R A
Fim EFEER A AF IR0 B AR IR IS R
. OB R S A E RN AR 5
850nm VCSEL #fLt, 1.3 F1 1. 55um fi T & FE G 4 1Y
R AR Rt 1, S Pk 1.3 A1 1. 55um (1)
VCSEL EXGEF5a 15 v A & 3 K 1 % NIF 52 B3
ARFE . GaAs % 850nm VCSEL T #1151 Bk & J&8 . Hi g
PRV R I8 20 T B Mk R K5 SR, H T S5 PR T
InP S T4 95 A A B A% S 4% (distributed Bragg re-
flector , DBR) (1) 7 %iE 45 Sy R M o BfF ol e 14 g4 B 1 VC-
SEL 28 F5 A7 AEXEFES . 76 1. 3pum VCSEL #f 5% J7 1fi »
ESNN e SN 2 ik v 17 B 1 o= S =0 e e =
PF R M BE N GaAs 3 DBR I 4 £ GalnNAs™® #
GaAsSb' " # F B .GaAs i F i 54 IR E MR A
i KF GaAs %t 4> 4h i VCSEL 1 34 5 o K #e pE %)
1. 3pm; M 7E InP JEJIE b, A EAE X &S R AT if ¥ 2 &% H
5 InP & #% UG L 19 86 1L 9 i AlGaAsSb/ AlAsSb il #5
DBR.{#i InP #: 44N %E VCSEL Hu/§ 7 2 gk B 5 iy
S F S R S TR I InP il GaAs BEH R4 H 1Y
P RS T b RE K B K VCSEL #4F. E 5
i, % F 1. 3um VCSEL BB 58 R H a5 18 20, H R
&K VCSEL MBIl X 25/ 35ei « # R HE K 4%
PF L2 R BORAER AR B w5 2. A% 1 A £ RE SR U, 42 4b
HE 25 b 55 B0 il b S A i HLAR 4% = Pk BE VCSEL
A ) — A O T2 AR it BRI AL AR, — R i R

* [ 5K 3 L B 9T R R R R B 3 (L5 : 2003CB314903)
T {E1E# . Email: lyflys@hotmail. com
2008-04-26 W 3] .2008-06-10 &

XEHES: 0253-4177(2008)11-2286-06

b Al 4157 AlGaAs J2H ok #3118 450 ok 35 2] bR
il FEL AL H A 3 2 o] A 5 R f B, VCSEL i T 2%
R Y I NETE NG R VR AL R E s N L S
F TS K B VCSEL 19 52 By i

ASCHGE TR A & E A L VR InAsP/
InGaAsP & 7P 1. 3um VCSEL ¥t 8% . &5 #) % 11
HPSE R E KIS L2 HIESE S b B EHOR .
VCSEL %t #) i SiO,/TiO, 4 it f& DBR, GaAs %
GaAs/Al(Ga) As - F & DBR DI &AL F e A1 2 B Y
InP J& InAsP/InGaAsP [ 725 #hMz% £ & 1 BF A U5 )2 # k
H A RS TES F IR SME (gas-source molecular-beam
epitaxy, GSMBE) InP fl GaAs £t 4}, B HEES
BN PIRIB Rl B — A B A DT SiO, /TiO, 4y
BT DBR J5E 56 % VCSEL 54 g il b . ok
FHZEREVEM 7] 1t n* " -InP/p” " -InAlAs % JH %5 55 9
A A R . 5 0E 0 H At & O T2 AE G A S
VCSEL il /F 1z F AH XJ 87 5 HL 7] X 355 4 i 3 4 5 = (i
iR JE 55 ) A A 000 0 8 3%, R RO 1) i L AR B R & T
TEeF 20 b 52 R i A R A LT G 2 4 R 1. Spem
VCSEL. 3CH A1 T & 7 5 R 52 B InAsP/InGaAsP
T BF 1. 3pm VCSEL 2§ {475 [H 4 1 & & ik .

2 X

B 1 Ca) Ry R AT d R B S s A8 i T o AR
VCSEL {2 Sk g5t B |, &t InP G 2 A
GaAs 51 DBR 4] i, 75 iZ 45 14 E JLEL1 SiO, /TiO,
I DBR J5IE i 5288 ) VCSEL %8 {425 #9 » k f F U8 11
P X Fh e f R o 2 i VCSEL. i1 T InP A I )2 # 8
FHT 9 AT GaAs FlA it ¥ i DBR # %} Z [], 1%

©2008 H [H 72



A T R InAsP/InGaAsP 7B 1. 3pm 3 & i 1 & S 06 4% 2287

511 55 HEHE S
n-InP spacer
Tunnel junction
p-InP spacer InP-based
active%a er
InAsP well ((QH1)A4)
x 6 :
InGaAsP barrier
InAsP well
n-InP spacer
— S

n-GaAs(M2)

n-GaAs(A/4)
n-AlAs(V/4)

GaAs-based DBR

xXn

n-GaAs substrate

@

n-InP 7.Inm
SLx8
n-InGa,,As, ,,P 8.7nm
n-InP spacer 326.1nm
n-InP 47 4nm
SCMQWs InAs, P well 6.10nm
X6 InGa, ;As, 4P barrier 7.45nm
InAs, 4P well 6.10nm
i-InP 75.8nm
p-InP spacer 131.6nm
p-InAl, As 30nm
p-InAl, As [5nm
TJ 0.48
p''-InP 20nm
n-InP spacer 780.2nm
n-InGa,,,As, 4P 8.7nm
SLX]O 0.20 0.44
n-InP 7.1nm
n-InGa,,,As, ,P etch stop 191nm
InP buffer 500nm
InP substrate (n")
(b)
n-GaAs(A/2) 192.2nm
n-GaAs(\/4) 96.1nm
n-AlAs 4.9nm
x23
9 n-GaAs(1DL) 0.5653nm
X
n-AlAs(20DL) 11.3nm
n-GaAs buffer 500nm

n* GaAs substrate

(©)

B 1 (a) H¥EHA VCSEL 25 #7818 s (b) InP B A7 I AR5 5 (o)
GaAs 3 DBR %514

Fig.1 Schematic structures of (a) directly bonded VCSEL, (b)
InP-based active materials, and (¢) GaAs-based DBR
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Fig.2 (a)PL spectrum of InP-based active materials; (b) Re-
flection spectrum of 23-period GaAs/Al(Ga)As DBR
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Fabrication of InAsP/InGaAsP Quantum-Well 1. 3um VCSELs
by Direct Wafer-Bonding "

Lao Yanfeng', Cao Chunfang, Wu Huizhen, Cao Meng, Liu Cheng, Xie Zhengsheng, and Gong Qian

(State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Technology
Chinese Academy of Sciences s Shanghai 200050, China)

Abstract: We designed and fabricated a vertical-cavity surface-emitting laser ( VCSEL) that consisted of an InP-based active layer
with InAsP/InGaAsP strain-compensated multi-quantum wells, SiO, / TiO. dielectric film, and GaAs/AlAs semiconductor distributed
Bragg reflectors (DBRs). The InP-based active layers and GaAs-based DBRs were integrated using wafer-direct bonding techniques.
Then,devices were successfully fabricated upon related device processing such as current-aperture definition using wet-etching under-
cut techniques and deposition of dielectric DBR,etc. The threshold current of the VCSEL is 13. 5SmA and the wavelength of the single
mode is 1288. 6nm.
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