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Design and epitaxial growth of quantum-well for 852 nm laser diode
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Abstract: An InAlGaAs/AlGaAs strained quantum Well laser with high temperature stability was designed and grown
to overcome the emission wavelength shift occurred in high temperature for a 852 nm laser diode. Based on a
comprehensive model, the gains and wavelengths versus the operation temperatures of InAlGaAs, InGaAsP, InGaAs
and GaAs quantum wells were calculated and compared. The results indicate that Ino_15AIO_1lGaO_74Asquantum well
is the most appropriate candidate for the quantum well of the 852 nm laser diode with the higher gain and better
temperature stability simultaneously. Then, Metal organic Chemical Vapor Deposition(MOCVD) was used to grow
compressive strained Ino_15AI0_11(3a0_74As/AI0_SGa ) Asactive region and Reflectance Anisotropy Spectroscopy
(RAS) and Photoluminescence Measurements (PL) were applied to the evaluation of crystalline quality for
InAlGaAs/AlGaAs interfaces. It is proved that the indium segregation effect can be effectively suppressed by lowering
the growth temperature and using the interruption time between InAlGaAs quantum well and AlGaAs barriers, and an
abrupt interface and good crystalline quality for InAlGaAs/AlGaAs quantum well can be obtained. Finally, an
InAlGaAs/AlGaAs strained quantum well laser was grown with optimized growth conditions. Experimental results
indicate that the laser has a Full Width Half Maximum (FWHM) of 1.1 nm, the slope efficiency of 64 W/A and the
wavelength shift with temperature of 0.256 nm/K. The theoretical calculation results are in good agreement with
experimental results, which verifies that the laser meets the work requirements at a high temperature.

Keywords: semiconductor laser strain quantum-well epitaxial growth wavelength shift reflectance anisotropy

spectroscopy
Wk H W 2012-04-17 45 [ [ 1y 2012-05-10 [ 44 i % A [ Jf) 2013-03-20
HeTH

R AL PRI T R SO 3% PPASERT e 42 FRATL ) 5 7 O S VI I P (1 o Y T LI 1 RSP0 6 A R 5 B OIS i th e A 2 58
B G R R S A B e RO AR ST R D T T T A O 5 TR T 45 ) OB O MY i ke e e i T % S O R B
K5 AR AFATT S 3 B T A S O S L T B M TE 50 I BOARAIT S RSSO Sl I “TAE W Pk BE RG22 S0 P11 e o PR 12 P S T 5

TSR - RAEAs
A A ARAEAE(L982-), 53, bk, WEmd:, 200748 Pl R AR5 LA, BRI FRBOER 45 B S A Ky

T IFT
{£ # Email: xuhwciomp@163.com

2% Wk«

[T i 2850, okam, 4%, 850 nmfe g i RSO SUBED]. sk% ks Tf2, 2012, 20(1): 17-23. SHIJJ, QIN'L, NING Y Q, et
al.. 850 nm vertical cavity surface-emitting laser arrays [J]. Opt. Precision Eng., 2012, 20(1): 17-23. (in Chinese) [2]#k},
TR RN AR 980 NMiThR I IR SO SR o D). ety RS TR, 2011, 19(9): 2014-2021. ZHANG X, NING
Y Q, ZENG Y G, et al.. Optimization of element structure in 980 nm high-power vertical-cavity surface-emitting laser
array [J]. Opt. Precision Eng., 2011, 19(9): 2014-2021. (in Chinese) [3] s i &b, Z8H0, X3, 2. 230 151 T & S e 41 B i
e, e ks Tf2, 2011, 19(10): 2309-2313. SHI J J, QIN L, LIU D, et al.. High-power vertical cavity surface
emitting laser array in series structure [J]. Opt. Precision Eng., 2011, 19(10): 2309-2313. (in Chinese) [4]VINCENT L,
FRANCOIS J V, SHAILENDRA B, et al.. High power Al free active region (\= 852 nm) DFB laser diodes for atomic clocks
and interferometry applications [C]. Conference on Lasers and Electro-Optics, California, 2006:398-405. [5]
KARACHINSKY L Y, NOVIKOV I I, SHERNYAKOV Y M, et al.. High power GaAs/AlGaAs lasers (A~850 nm) with ultranarrow

vertical beam divergence [J]. Applied Physics Letters, 2006, 89(23): 23114-1-23114-3. [6]KLEHR A, WENZEL H, BROX O,



et al.. High power DFB lasers for D1 and D2 caesium absorption spectroscopy and atomic clocks [C]. Novel In-Plane
Semiconductor Lasers Y[, San Jose, 2008: 69091E-1-69091E-10. [7]ZORN M, ZETTLER J T, KNALLER A, et al.. In situ
determination and control of AlGalnP composition during MOVPE growth [J]. Journal of Crystal Growth, 2006, 287(2):
637-641. [8]BUGGE F, ZORN M, ZEIMER V, et al.. MOVPE growth of InGaAs/GaAsP-MQWs for high power laser diodes
studied by reflectance anisotropy spectroscopy [J]. Journal of Crystal Growth, 2009, 311(4): 1065-1069. [9]2 K4, Z#],
ki, . GalnAs/GaAsyAs i FIF e sk g2 1. ot Zess, 2004, 25(5): 29-31. YAN CH L, QIN L, NING Y Q, et al..
Calculation of energy band structure of GalnAs/ GaAs quantum well [J]. Laser Journal, 2004, 25(5): 29-31. (in Chinese)
[10]ZHANG Y, NING Y, ZHANG L, et al.. Design and comparison of GaAs, GaAsP and InGaAlAs quantum-well active
regions for 808-nm VCSELs [J]. Optics Express, 2011, 19(13): 12569-12581. [111#44, ki, 2 EN|, 2. 852 nm:f: 54k
WokseInGaAlAs, InGaAsP | InGaAs#iGaAs &1t fEfae th\ION. %6244, 2012, 33(6):640-646. XU H W, NING Y Q, ZENG
Y G, et al.. Temperature Stability of InGaAlAs, InGaAsP, InGaAs and GaAs Quantum-wells for 852nm Laser Diode \[J\].
Chin. J. Lumin, 2012, 33(6): 640-646. (in Chinese) [1214xtf, 5eAi, TR [ I S HE A 22 IS 852 Nmop G ok 48
AlGalnAs/AlGaAs & - fyMOCVD 4 gt A4 K5t 9. o [Ho, 2012, 39(5):0502010-1-0502010-6. XU HW, NING Y Q, ZENG Y
G, et al.. MOCVD growth of AlGalnAs/AlGaAs QW for 852 nm laser diodes studied by reflectance anisotropy
spectroscopy [J]. Chinese Journal of Lasers, 2012, 39(5): 0502010-1-0502010-6. (in Chinese)

ENEHES PSS

1. Ryt AEHaE MWW T A TSR LT RS BRI AL AR I TR S B I). SaRs s TR, 2013,21
(5): 1137-1143

2. Rt SR R E TUKIR 710 KWiES A S4B B S IED]. St 1R 2013,21(4): 829-834

3. Bt MWL =, ZA A R, T2 %.808 NMgT e SAAROER R A AR E D). SR TR, 2012,(8): 1684-
1690

A ks, HARAE, % T 28308t G, TR -0 T S Aotss ot AR ] otk T, 2012,20(3): 455-461

5. MM, Xz TR WA AT R SR R, T RO AR R v D). YR TR, 2012,20
(2): 247-255

6. i, UK, KA KA, Fa%-mrhRInGaAs/GaAsP iy Ar gy HHRE T i Aot #s SR L] St K% T2, 2012,20(10):
2147-2153

T.OgRE, TUKER WEN A, Xz, EAL%E-980 Mg Seaf B R ORI R e s i D] S # TR, 2011,19(9): 2014-
2022

8. MR PhAHR, W, SR, TR, L A KT SO B I AR IR D). SR TR, 2011,19(6): 1244-
1249

O, i, iz 1A k- BOBNM L4 R Sy SO R D). Jeot s T2, 2011,19(2): 452-456

10. F #e 3k 0 % #HL X m TSRS Ao SI B T N AR R ] Sge R TR, 2010,18(9): 1951-1958

110 AE e, 2 B MO, TKITE, T—T 42l S ABob s ke oe R 7 e 3R a s g 10 B DD s s T2, 2010,18(7): 1629-
1636

12 Ze 3% SRR THEJ7 G0eEt 5Kk B, 0K M ACETRE-980 im0 28 XU R G AT B K e 25 1) Jese R aE T, 2010,18
(7): 1468-1475

13, Ze[4 AR T bl S0 SR G K 2 0 255 AL %808 nmris o QMo i e g 9]yl K% 4%, 2010,18(6):
1258-1263

14, EAEMS, RIME, BEd., EKK, B

880 nmep QARSI I KL S A

[ 2245 T2, 2010,18(5): 1021-1027
15, EHEME. 254 X 25 BN PR BOL 8 S g smilesy i PR R D] Seorsa T, 2010,18(3): 552-557

Copyright by S 142



