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chemical vapor deposition (MOCVD) technology.

Qu Yi
InGaAs/GaAs single quantum well is grown on different misoriented substrates by the metal-organic

The samples are characterized by photoluminescence (PL)
PL intensity while the PL wavelength exhibits red shift.
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spectroscopy at room temperature. The effect of offset substrates, growth temperature and V/III ratio of quantum
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well layer on PL wavelength, intensity and full width at half-maximum (FWHM) has been studied. The samples with
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smaller offset from GaAs substrates (100) towards <C111> show the higher PL intensity with narrower FWHM. The
OCIS codes

PL intensity increases with lower growth temperature of quantum well. The samples with high V/III ratio show high
materials; metal-organic chemical vapor deposition; InGaAs/GaAs quantum well; offset substrates;
photoluminescence intensity; full width at half-maximum
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Table 1 Growth conditions
Growth temperature Growth Growth rate Growth rate
V/11 of
Samples of InGaAs temperature of In/(In+Ga) /% of InGaAs of GaAs
) ) InGaAs layer

layer /C GaA slayer /C layer /(pm/h) layer /(pm/h)
M1 650 650 49.3 37.9 1.15 1.4
M2 650 650 49.3 37.9 0.75 1.4
M3 650 650 49. 3 38.9 1.15 1.4
M4 600 650 49. 3 38.9 1. 15 1.4
M5 550 650 49.3 38.9 1.15 1.4
M6 600 600 34.2 33.7 1. 06 1.4
M7 600 600 42.7 33.7 1. 06 1.4
M8 600 600 53.5 33.7 1. 06 1.4

Forbr BE — 2 RE i R MR A RS D ) £ 43 5l
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H R M2-2° M2-4° \M2-10°, 45 — 41 FE 5 2 7E
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W EE AT AR AR S 5 M3 M4 M5, 5 =4 A
M GaAs 2 Hl InGaAs 24 K K 4 5] K
1.4 pm/hFl1 1. 06 pm/h, A K&K 600 C, {7
# In/(In+Ga) L K 33. 7% R HEV /11 H 43 5
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Fig. 2 PL spectra of M1,M2 samples (1. 06 pm

InGaAs/GaAs quantum well) with different tilted angles
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samples with different growing temperatures
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Fig. 4 PL intensity and FWHM of InGaAs/GaAs quantum

well samples with different growing temperatures

Hi P 3R] B A A B A A =R Y
RICWE A 4399 1058, 4,1086. 7 F1 1101. 1 nm, #
i OGS S B0 T WY A 0% XA In B9 O AT
JI5E B 45 5 AT B AT I O AR o i BT AR R R R
B

R = 1/exp(E./kT), (D
Krf E. AT RE . 01 R B R S 0T DR IR R
M oc Nexp(— Eu./kT), (2)

X N R T R Ew. N BLHERE.T
InGaAs ftFBF 9 25 KU BE L & Ol 3% IR 2% 2 5 8, i
(1) A2 AT Bl A A AR R & BT R 2
R EGR, 35 In £ 5 1 BF R 1m0 09 MR BE RS . m R T
In 6 B9 T B8 1 DT S B0RE i M4 ) InGaAs H
In (255 ELFE & M5 A ,Iny, Ga, As 1 In
(0 20 2 5% T B RE R ) RE Y 6 13 30 1T 52 i) 38 L R
Wk o Bt T E Y AR In B 2 43 1 s T o AR
AN T RAE A B B A 4T RS

[ s A e 1) A A T BE 0 Tn 76 A SE )23 v i) 3% 1A
PRHT » 3 BTS2 B 1 Bk o0 o R AT A= A TR B 0
T In (0w AT o (o 75 2 1 BF 00 52 B Bk 58 0 20>, 3t 2
W P R R R A

M 4 rfra] DLk A M3, M4, M5 £ 5 PL R [
FWHM 43514 40. 2.25. 4 F1 32. 8 nm, £% 5 () PL i
43 B2 0. 05,0. 07,0, 13 mV., B & A K I B 1
i RE S G PL G i (0 38 . BRI AR KR 8
/N In J5EF A RE I AT/ In J5 77 A K i
MER K A &0 il & 7 B2 B 2D [ 3D Az KA
A B FEAE B F 345 5 B8 1 InGaAs/GaAs & T-Bf
SEF L DT 22 BH H B A A0 PL 3 e F 0 1 L E B KR

JETR A TE R e e LA W 5 R B2 ARG AR K
T2 R R R R DL 2R TR AH K
3.3 V/II Le Xt m & e R A %0

Bugge Z5 iF 98 T 5 48 InGaAs/GaAs T
B MOCVD A & V/IIL Ho it In 7 #r 19 52 Wi, 76
V/II /N T 80 BB LL R #& m V/IIT LL B8 % A 2L
HAm ] In BT T 5 FRERY Aot i . 5
B rh XA [A] V/TIT L i A% il 5 47 % bG 78 oAt 2F &
FFEE—FEM AT LA R RYIBE A V/IIT
LU 3G I, B B OGRS IR . M6
M7 M8 # i A& G 43 A LN 18] 5 fr o . PL g2
UG 4 G R G FE AR A G R AN 6 s

0.25
—+—M6(V/III 34.2)
0.20} —e—M7(V/II 42.7)
- ——M8(V/II 53.5)
E 0.15}
c
£ 0.10f
=
0.05}

0_

990 1020 1050 1080 1110 1140
Wavelength /nm

5 InGaAs/GaAs & TBFHEARI V/IL LR 89 K65 A
Fig.5 PL spectra of InGaAs/GaAs quantum well

samples with different V/III ratios

10

24+ -4-FWHM 1 =
5 . 5
R -#-PL intensity 3 &
g 22t 1 &
£ 6 T
= 20t 1 f‘é
E 2
18} { A

u A 2

1 . . , . .
6 35 40 45 50 55

V/II ratio

6 InGaAs/GaAs & 7 B B9 PL 3520 1 42 98
KR EES V/IIT 3 &
Fig. 6 PL intensity and FWHM of InGaAs/GaAs

quantum well samples with different V/III ratios

ME 6 B L& F] . M6 M7 M8 B i 11 & e K
Ak 1032, 4, 1029, 2, 1047. 6 nm, M6 ¢ 5
5 M7 BB 3R B M8 FE A 1 R G I K
BT RIS . ORI V/IIL He ] 1
In (AT AT #2555 1 InGaAs o In B4 70 42 5
TRIGHER ., =AFE MR PL 3% E 20 52 0. 07,
0.13.0.23 mV,PL #&IE{EREE V/III B i3 K
MG K. Hor M7 #4001 PL 3% I H 2 M6 FF i 1
1.8 f% . 1 M8 Ff il & OGIE(E Sy M6 #E a1y 3 £ . 12
i VI B 7 AR R SR T 1 AsH, S H IR & Wy vk

1106001-4



MOCVD 44 1. 06 pm ¥ Bt InGaAs/GaAs B8 FBEAHEHK R G BFST

JE A In Ji 78 AR SR TH 5 B8 A B A) s /)N S T
AR H 2D m 3D A w1 PL S &G
WA DA R e oo B

& 7 M6, M7, M8 i 1) PL ik 2f I 4 55 43
Bk 22.2,16.9.23. 6 nm, M7 £ A PL % 2 0
20 A M6 A S i 2 0 4 TE W] i 8 S i M8 A
mn %) PL g2 i 4 58 b M7 A oinse . X2 il T B
& V/IIT B oK o A 4 5L T o i ok B g, it D)2
W 42 55 25 AR A% L H = 1) V/TIT bb 5 80 0 o FE R A
B2 py AR ik A B i - BF AR S EOR R R A
BEOR R S B QW B 2 W 4 0 B 1 Ab 2k BT 1Y
AW TR ALK,

4 & w

T XS A T A IO A 1) £ AS ] A A BE L A [R]
V/III 9 InGaAs/GaAs B8 F B 176 8k %
Wk I 0 #r, 45 2 LL T 458 X F 1060 nm fY
InGaAs/GaAs 5 BF 724 K& 58 2 — B
Aol TS Al 1) A X B RO A R 0 7 i
] A BN RS IS B A E AR B AR S PL S AR R
BE S TR 2 Sl R WA &) i sl X | LR AL S
Ao BRARAE R BE A A T30 In i) f B L B B 25
MG, 52 e 2 i BFZ B9 SEBR In 4153 DA S S B
MBI 58 B 5 B PR OB B A L i B
P B T BE R A6 BT IS ok V/IIT |G, BB
InGaAs/GaAs & T BF i & AT .

5 F X

1Y Lam, J P Loher, J Singh. Comparison of steady state and
transient characteristics of lattice matched and strained InGaAs-
AlGaAs (on GaAs) and InGaAs-A lInAs (on InP) quantum well
lasers[ J]. IEEE ] Quantum Electron, 1992, 28 (5): 1248 —
1260.

2 1 Suemune, L. A Coldren, M Yamanishi, et al.. Extremely wide
modulation bandwidth in a low threshold current strained
quantum well laser[J]. Appl Phys Lett, 1988, 53(15): 1378 —
1380.

3 D Schlenker, T Miyamoto, Z Chen, et al.. Growth of highly
strained GalnAs/GaAs quantum wells for 1. 2 pm wavelength
lasers[J]. J Cryst Growth, 2000, 209(1); 27— 36.

4 W Gao, A Mastrovito, K Luo, e al.. High power 1060 nm
InGaAs/GaAs single-mode laser diodes[ C]. SPIE, 2005, 5711:
58 —65.

5 Pan Jiaoqing, Huang Baibiao, Zhang Xiaoyang, et al.. MOCVD
growth of InGaAs/GaAs quantum well for 1064 nm LDs[J]. J
Optoelectronics « Laser, 2003, 14(6): 590—593.

W HHAR. KRR, %5, MOCVD 4K 1. 06 pm InGaAs/
GaAs B FBF LDs[J]. Je+ - 6. 2003, 14(6): 590—593.
6 J I Chyi, J L Shieh. Material properties of compositional graded
In,Gal,As and In, All,As epilayers grown on GaAs substrates

[J]. J Appl Phys, 1996, 79(11) . 8367—8370.

7 P Werner, N D Zakharov, Y Chen, e al.. Stress releasing
mechanisms in Ing ; Gag, s As layers grown on misoriented GaAs
[001] substrate[J]. Appl Phys Lett, 1993, 62(22); 2798 —
2800.

8C Wang, Y Su, R W Chuang, e al..
photoluminescence of highly strained 1. 32 pum GaAsSb/GaAs

Improving

multiple quantum wells grown on misorientation substrate[J]. J
Cryst Growth, 2008, 310(23): 4854—4857.

9 Yuan Huibo, Li Lin, Qiao Zhongliang, e al.. Optical
characteristics of GaAsP/GalnP quantum well grown by metal-
organic chemical vapor deposition[ J]. Chinese J Lasers, 2014, 41
(5): 0506002.

FEILH . 2 bk, SRR % MOCVD A K GaAsP/GalnP # T
BFAS KLY A R ELT D, O, 2014, 41(5) 2 0506002,

10 D H Rich, K Rammohan, Y Tang, et al.. Influence of GaAs
(001) substrate misorientation towards {111} on the optical
properties of In,Ga;—.As/GaAs[]J]. Journal of Vacuum Science
and Technology of Material, 1995,13(4): 1766—1772.

11 A Jasik, A Wnuk, J Gaca, et al.. The influence of the growth
rate and V/III ratio on the crystal quality of InGaAs/GaAs QW
structures grown by MBE and MOCVD methods[J]. J Cryst
Growth, 2009, 311(19): 4423 —4432.

12S M Wang, T G Andersson, M J Ekenstedt. Temperature-
dependent transition from two-dimentional to three-dimensional
growth in highly strained In,Ga; ., As/GaAs (0. 365<Cx<C1)
single quantum wells[J]. Appl Phys Lett, 1992, 61(26);: 3139—
3141.

13 D Schlenker, T Miymoto, Z Chen, et al.. Growth of highly
strained GalnAs/GaAs quantum wells for 1. 2 pm wavelength
lasers[J]. J Cryst Growth, 2000, 209(1); 27 —36.

14 Jia Guozhi, Yao Jianghong, Shu Yongchun, e al.. Influence of
growth temperature and structure parameters on optical
characteristic InGaAs/GaAs quantum wells[ J]. Chinese Journal
of Luminescence, 2008, 29(12). 325—328.

BIENG . BRI, k&, A A KO EE RS 2 8L InGaAs/
GaAs BEFHOLEREEZmLT] R, 2008, 29(12);
325—328.

15 F Bugge, U Zeimer, M Sato, e al.. MOVPE growth of highly
strained InGaAs/GaAs quantum wells[J]. ] Cryst Growth,
1998, 183(4): 511—5188.

EEGE K

1106001-5



