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Abstract A vertical-cavity surface-emitting laser (VCSEL) was structurally designed for emitting at 808 nm. Based
on a comprehensive model, the composition and width of the compressively strained In,—,—,Ga,Al,As quantum well
(QW) was determined. Using transmission matrix method, the spectral reflectance of distributed Bragg reflector
(DBR) was plotted, and the pairs of the DBR were ascertained. The numerical simulation showed that the lasing
wavelength of the In,. i, Gay. 74 Aly 12 As/Aly 5 Ga, ; As QW with the width of 6 nm is near 800 nm at room temperature.
At the operating temperature, the material peak gain reaches 4000 cm™'. In addition. the designed Al,., Ga,., As/Al, »
Ga,.s As DBR is gradient, and the thickness of the gradient layer is 20 nm. The p-DBR has 23 pairs with a reflectance
of 99.57% , and the n-DBR has 39.5 pairs with a reflectance of 99.94% . Furthermore, the central wavelength of
the spectrum is just at 800 nm obtained by photonic integrated circuit simulator in 3D (PICS3D) at room
temperature, which agrees well with the design.
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Table 1 Theoretical results of QW
Material m./mo m,/my e /% E,/eV AE./eV AE,/eV h./nm
Al Ga, s As 0.0919 0. 3667 1.7981
Ing, 1 Gay. 75 Al 1, As 0. 0700 0. 3320 1. 006 1. 4291 0.20136 0.16764 22.48
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Tno, 1 Gao, s Al 15 As 0.0716 0. 3340 1. 008 1. 4576 0.18503 0. 15547 22.42
Ino, 1 Gay, o Al 1, As 0.0725 0.3351 1. 009 1.4719 0. 17680 0. 14940 22. 40
Tno, 1 Gao, 1t Al 15 As 0.0733 0.3361 1.010 1. 4863 0.16847 0.14333 22. 36
3.1 EFHTHES % o \ -
TE T BEAS 1, 5 T 3Bk b B BB 2 T DL T N = - \
T S AR R A B R A A L g g 2 ot
cos[R(Ly +L,)] = cos(kyLy)cos(kyLy) — 5 P g
B . g 010 -
T sin(k,Ly,)sin(k,L,) (15) § 0.05 E 0.05
SRARAE 2R Lo oLy 40 BRI 22 0 96 % ) T— =, »
kb, =1+/2m,(V—E)/k, k. = /2m,E/l, Width L_ /nm (\zvmthLvlv(/)mn

oy, AR N A R 5 VR i B A B A
BrsE i T T RE g, Rt A B R A X
AT T A B LA SR R B AR
(15) A ar LG 2 i 7 T RER B SE A SC R .

Bl 1 Ing 1 Gagrs Al iz As E@%ﬁi?[ﬁ?ﬂ‘]?ﬁﬁ*
Fig. 1 Energy levels of compressively strained

Ing 14 Gao. 7 Aly.1. As QW

0902007-3



i &

# ot

S A AR A 21 InGaAlAs 1 T T RER A
FHZEA I BT DLk B RS T HA AR 1 — Fh i
oL BT AR T BRSO A T RE S R N
A7 TR A 4 TR 1) 5 — 23 XAl R EL A Y
3.2 HEiRK

AR T PO A E RO TE BGHAT
B A S — T T B A A — Tl A X BRI
PUE 3 — BRI 16 fiE it 7T LA om0

hc

E:;T:Ec thFEmJFEhm- (16)

I SR A (160 20T DUBA G 78 45 5 I Ak 1 £ 7 DR 1Y
Mo MIERE B 2 5 TIEARIZH 73R, InGaAlAs/
Al s Gay - As 5 FBFRBUN B FIBFSEM E R . |
T VCSEL 72 TAE W 7775 B FARON A I X B 23
AT ER. MK SH B, T RIE
VCSEL f& TAE B U B AE 808 nm 2247, i 1Y)
= BEA IR X TE = R N B S B N IZ 7E 800 nm
k. AN R BHAE MOCVD ShE A K i 1%
2% BB 8 N I O g ok . N 28] DLE
RS SR 3 A BESES 5 nm 1)
Iny. s Gag.zy Aly1o As, BF 56 6 nm ) Ing.y Gag. e
Al s As FIBETE R 7 nm 1Y Ing, 14 Ga, 7 Aly, 15 As,

850 reeeese

< 800
&

8 | # 2=0.75, y=0.11
% 750 2=0.74, y=0.12
= 2=0.73, y=0.13
.............. 2=0.72, y=0. 14
2=0.71, y=0.15

700
0 5 10 15

Width L, /nm

Kl 2 InGaAlAs He A% 5 5 BF 0 38006 I 1
Fig. 2 Emission wavelength of compressively strained

InGaAlAs QW
3.3 trpiE
BRI OGHE 45
RN SRS rmbiii]
%7[21]

g(E.,) =

SE SCON AN B T 7 A 1 B
2 H, TR AR e KT LR R

2
TS (/B | M () |7 %

€0C Onav Jei

orii X A S Eq+ fulEg) — 11}, an
A | M (E) |7 JRERRIERE & E. A6 BRIE HE B
TG s 0rji A= T U B HT B B B e S AR AT
SR, T (17 X, F A PICS3D R38BT
InGaAlAs f#F L3 25 . 45t Z2 B, & BLBE 5

76 nm [y Iny . Gag 74 Aly 12 As/Al, ; Ga, ; As & T
B, A Z R 300 KB W {E 4 25 % K AE 800 nm A 45
W 3Ca) iR . AL S5 A bk i B e T B A
RAH BN R 254 BRI BT 5, 55 1
FE FBEBEA Ing 1y Gag 7 Al As  BETE R 6 nm, [
F A N A TR KRS TR 30 K A4,
Kl 3(h) 5ty 7 IZAK R AE 330 KN B4 b 25 . ALK
oAl DR, M AR K ERIRE T A H
808 nm. M 3 A LI F . Ing 1, Gag 7y Al 1o As 7
330 K B i A4k I 42 BRIV T 300 K4 &L {H g
fH¥% 253K 5] 4000 em ' & TR Z & FHEM B, K
AR RE 38 g 25 (7 4 71 S5 B0 v 2 3 i o L X L 2 ik
£ InGaAlAs £}y VCSEL & F Bt (19 & 2 1 %
FTTE

6
~ 4@
5 o
5 o
& —4r
o
5 8
= -10}
—~12 . | | 1 1
650 700 750 800 850 900 950
Wavelength 4 /nm
4
~ | ®
E of
S
= 4L
55 4
0
£
S 10}
-12 L | L L L
650 700 750 800 850 900 950
Wavelength 4 /nm

B 3 Ing i Gag oy Alo 1o As BIBFRIE 25
(I 300 K; (bR 330 K
Fig. 3 Material gain of Iny ,; Gay 7y Aly, 12 As at the
temperature of (a) 300 K and (b) 330 K

3.4 DBR #) = §fi&% 71 & 5% &

A B e P 0 S R 6 AR IE VCSEL
FE TAERT I DBR RS 0 P K s AR 4 FTY 25 06
TR =B VBT . Hy T B S rh O A AR I8 K i I 52
MITEEAS 2/ THE 25 D (E, JF % I8 8] = IR E K
AN B 2B E DBR B GT rb G I R K T =
i~ 28 805 nm. 3 4b, g/ DBR 9 $BH . B A
DBR ¥ i1 B #7281 , DBR ) 53 5 %R A0

0902007-4



ik HsE.

808 nm InGaAlAs 3 B [ 1 & B 0648 WO &5 kit

.

X g WAL S, K QD ~ Q4L
AN (18) % v, B mf 45 21 7 48 DBR 11 )2 44 3% F1
R, E AT 23 XA Al Ga, As/Al,
Gay,s As DBR FLHAT A [7] JFE i 87 42 J22 ) DBR J
ik, WiAE DBR & A JE M Al Gay As Fl Al
Gao.s As 528 J2 WG B Z 3 1/4 Pk,
B 2 5 T BRI R s . B R R] DL R
U B A T 72 )2 VR B G R B S A T AR T 1] U
JIN S A RS /) o fH 24 84 DBR FE 3 2 i, H
WA B S 28 AH X T 52 48 DBR FEARAFAR /N, 5 & 3
FRBE R S W R 2R e I A AR )2 R R R

20 nm,

Reflectance /%

800 850 900
Wavelength A /nm

4 DBR ) )7 i
Fig. 4 Spectral reflectance of DBR

545 H THASE N 20 nm A S n H
Ot p MY DBR S5 F0 % B0 3¢ £ L B8 i £
Bk $E LS Seik[23 ], MO B e )
RSOGO I 4 A f B DY IR
EA RS n M DBR K 39. 5 X, R HFE R
99.94% ;4 )6 p Wi # DBR K 23 Xf, 4 R K

99.57%,
100.0
99.8 ]
S
Y 996
8
é 99.4
~ F
99.2 @, ppp=14 cm!
a, =6 cm™
99.0 L
20 30 40 50
DBR pairs

K5 p il Al o il DBR YRG5
Fig. 5 Reflectance of p-DBR and n-DBR

3.5 VCSEL MEKEH

FEA R DXOR R S B  E S8 iU - 45 1 T 808 nm
Tk 8 VCSEL W HEARE5 il 6 firs . & i 3Bt
B A Ing 1 Gag Al Asy BESE R 6 nmi 3522 1 kL
H Al Gay o As, 25825 8 nm; & F BF A9 A E0CH
3ANVIXFE Y BT AT DL A 3 S AR B O
kT R Al 28 1 [ B O A ARG S 6 A B T B
i) 23 18] )2 % A2 AL .Ga,—, As, AL 44 M 0. 3
F 0.6 AL, HIEREE R 98 nm, i 2 A T5 X G
KA—DUK, A)Z Al Gag o, As BHCE 75 BR
BEAEX R 1/4 WK —X p-DBR H, 4 T /)
B RS % E AL T R T

ﬁ light output

p-contact
p-DBR
oxide layer
__—D-spacer
barrier

} 8 pairs

substrate ' GaAs

n-contact

6 808 nm Tk 4 VCSEL £y 4]
Fig. 6 Schematic diagram of the 808 nm
top-emitting VCSEL

FIH PICS3D $1 A% bR gty e sr 1 My 3 Al
R30I OIS I 7 Frs . NEH ] LUE TR

SEL T e 0 e L KA 2800 non A
20
ok
20}
40 k
60 F
80}
-100 }

-120
-140
-160

~180 A . . A . A ) )
740 760 780 800 820 840 860 880 900 920
Wavelength 4 /nm

Spectrum /dB

K 7 808 nm Tfi & 4t VCSEL (156 1%
Fig. 7 Spectrum of the 808 nm top-emitting VCSEL

4 4k 1w

T R B RO A A i B 5 3k Xk O

K4 808 nm F) VCSEL ik H Ay B8 R &5 4 317 T 3¢
WA e T T BE A 4 4 AT R, L K i AR A
DBR ) XF K Fl 5 5 2% . 3531 10 T & 5 VCSEL 45 #y

0902007-5



H |

# ot

i PICS3D #4249 B BF %€ 25 6 nm ()
Ing 1, Gag, 74 Aly 1, As/Aly s Gay ; As T TBF . 78 TAE IR
2T B R0 i 1) U (L B I AE 808 nm ZE Ay, HLUE(H
25 355 4000 em ", 75 5 {1 6 3% 7E 3R R 0
KA 800 nm 4b . 5 HE RS RAF S 1R

5 F X

1W. W. Chow, K. D. Choquette, M. H. Crawford e al..
Design, fabrication, and performance of infrared and visible
vertical-cavity surface-emitting lasers [ J]. IEEE J. Quantum
Electron. » 1997, 33(10) . 1810~1824

2 A. Valle, M. Sciamanna, K. Panajotov. Nonlinear dynamics of
the polarization of multitransverse mode vertical-cavity surface-
emitting lasers under current modulation[J]. Phys. Rev. E,
2007, 76(4) . 046206

3 Zhang Yan, Ning Yonggiang, Wang Ye et al.. High power
vertical-cavity surface-emitting laser array with small divergence
[J]). Chinese J. Lasers, 2010, 37(9) . 2428~2432
ikoE. TUKER, B M A R RARUR B I R TR SO
BEEFIT]. + B#E, 2010, 37(9) . 2428~2432

4 Cui Jinjiang, Ning Yongqiang, Jiang Chenyu et al.. Beam quality
of high power vertical-cavity bottom-emitting semiconductor
lasers[J|. Chinese J. Lasers, 2011, 38(1): 0102002
FERRYL, TKUR, FLERE . RIYRIE H R IR & 9128 5 R EOE AR
FE R L], F Bk, 2011, 38(1): 0102002

5 A. Gatto, A. Boletti, P. Boffi et al.. Adjustable-chirp VCSEL-
to-VCSEL injection locking for 10-Gb/s transmission at 1. 55 pm
[J]. Opt. Express. 2009, 17(24); 21748~21753

6 Z. Wang, Y. Ning, Y. Zhanger al. .
quality of two-dimensional VCSEL array with integrated GaAs
microlens array[ J]. Opt. Express, 2010, 18(23): 23900~23905

7 Liang Xuemei, Wang Ye, Qin Li e al..

High power and good beam

980 nm vertical cavity
surface emitting laser temperature-change output characteristics
[J]. Chinese J. Lasers, 2010, 37(1); 87~91
WEME, T M, & A %L 980 nm T T A & ST IO AR 19 A8
WA AL ] P Bk, 2010, 37(1): 87~91

8 K. Iga. Vertical-cavity surface-emitting laser: Its conception and
evolution[J1. Jpn. J. Appl. Phys. . 2008, 47(1); 1~10

9 R. H. Johnson, V. Blasingame, J. A. Tatum e al.. Long-
wavelength  VCSELs at Honeywell [ C ]. SPIE, 2003,
4994 . 222~234

10 J.-F. Seurin, G. Xu, V. Khalfin et al.. Progress in high-power
high-efficiency VCSEL arrays[ C]. SPIE, 2009, 7229 722903

11 M. Grabherr, M. Miller, R. Jaegerer al.. Commercial VCSELs
reach 0. 1 W cw output power[ C]. SPIE, 2004, 5364 174~182

12 Y.-Q. Hao, Y. Luo, Y. Feng et al.. Large aperture vertical

cavity surface emitting laser with distributed-ring contact [ ] ].
Appl. Opt., 2011, 50(7); 1034~1037

13 J. Minch, S. H. Park, T. Keating e¢ al.. Theory and
experiment of In;—, Ga,As,P;—, and In;—,—, Ga,Al,As long-
wavelength strained quantum-well lasers[J]. IEEE J. Quantum
Electron. , 1999, 35(5): 771~782

14 C. Chihsheng, C. Shunlien. Modeling of strained quantum-well
lasers with spin-orbit coupling[J]. IEEE J. Sel. Top. Quantum
Electron. ,» 1995, 1(2) . 218~229

15 P. Zhang, Y. Song, J. Tian et al.. Gain characteristics of the
InGaAs strained quantum wells with GaAs, AlGaAs, and GaAsP
barriers in vertical-external-cavity surface-emitting lasers[J]. J.
Appl. Phys. , 2009, 105(5); 053103

16 C. G. Van de Walle. Band lineups and deformation potentials in
the model-solid theory[J]. Phys. Rev. B, 1989, 39(3). 1871

17 J. W. Matthews, A. E. Blakeslee. Defects in epitaxial
multilayers: 1. Misfit dislocations[J]. J. Cryst. Growth ., 1974,
27. 118~125

18 Wang Xiaodong, Wu Xuming, Wang Qing et al.. Optical
characteristics of DBR with inhomogeneous graded interfaces[J].
Acta Physica Sinica, 2006, 55(10): 4983~4986
FEANFR. RWW, £ OF S BA IS AW AR R DBR 164
Ptk (1], 2 HR, 2006, 55(10): 4983~4986

19 Y.-K. Kuo, J.-R. Chen, M.-Y. Jow e al..
oxide-confinement and active layers for high-speed 850-nm
VCSELs[C]. SPIE, 2006, 6132; 61320M

20 Yan Changling, Qin Li, Ning Yongqiang et al. .

Optimization of

Calculation of
energy band structure of GalnAs/GaAs quantum well[J]. Laser
Journal , 2004, 25(5): 29~31
BRI, & Fi, TAM 5. GalnAs/GaAs R 728 5 1 BE e 45
MEHHEELT]. ok 4 &, 2004, 25(5): 29~31

21 C.-F. Hsu, P. S. Zory, C.-H. Wu & al..
enhancement in InGaAs-GaAs quantum-well lasers[J]. IEEE J.
Sel. Top. Quantum Electron. , 1997, 3(2): 158~165

22 B. Lu, P. Zhou, J. Cheng et al..

continuous-wave operation and thermally stable threshold

Coulomb

High temperature pulsed and

characteristics of vertical-cavity surface-emitting lasers grown by
metalorganic chemical vapor deposition[ J]. Appl. Phys. Lett. ,
1994, 65(11) . 1337~1339

23 S. F. Yu. Analysis and Design of Vertical Cavity Surface
Emitting Lasers [ M]. Hoboken, N. ].:
2003. 49~51

24 Y. Gye Mo, M. H. MacDougal, V. Pudikov et al. .
mirror reflectivity on laser performance of very-low-threshold

IEEE Photon.

Wiley-Interscience,
Influence of

vertical-cavity surface-emitting lasers [ J J.
Technol. Lett., 1995, 7(11): 1228~1230

25 E. R. Hegblom, D. 1. Babic, B. J. Thibeaultet al..
losses from dielectric apertures in vertical-cavity lasers[]J|. IEEE
J. Sel. Top. Quantum Electron. , 1997, 3(2). 379~389

Scattering

0902007-6



