5415 14
202242 A

AP RS T N K

J. Infrared Millim. Waves

Vol. 41, No. 1
February, 2022

NEHS:1001-9014(2022)01-0317-06

DOI:10. 11972/j. issn. 1001-9014. 2022. 01. 028

B A 852 GaSbBi B = T LI AME RN E
S S i A 3

L R, £ B, I R,

AR,

REL:, x| &Y, # E

(1. BRI RO A%, B 200234
2. P EPBLEBE R R YIRS 20N R E 5 N Se e 2, I 200083)

WE . XA T ¥k oh & 4 ¢ % & & (Photoluminescence, PL) X3 F X W AN R E M NI B 2w % E W
GaSh, 4,Bi, ,/GaSh # & F ¥ (Single Quantum Well, SQW) ¥ 3£ 4 72 SQW % # # & . 3 3t 4 # GaShBi SQW #¢
GaSh % 2 /%t JE AR 2 W PLAEEVE AL, K L NS B 22 S B4 SN 4B S A R B 35 BRI, A 3 TS BB 18 JE 49 0 33% — 75%.
H—FONEREN, AR ETHERARTRE A AN ETFHEAFHAERAET RSN TR
FEEA ., X —THHE N B LIS K B by A b LR B,

X g WA EEUK K GaShBi; KL E; BN OB A

Infrared emission efficiency of o - doped GaSbBi single quantum
well by photoluminescence spectroscopy
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(1. Department of Physics, Shanghai Normal University, Shanghai 200234, China;
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Abstract: In this work, excitation power-dependent infrared photoluminescence (PL) measurements were carried out
on four GaSb, ,,Bi, ,,/GaSb single quantum well (SQW) samples with different in-well §-doping density as well as the
corresponding reference SQW samples without doping. PL integral-intensity evolutions of the GaSbBi SQW and the
GaSb barrier/substrate show a significant decrease in the infrared emission efficiency caused by the in-well §-doping.
The doping-induced relative decrease rate is about 33% — 75%. Further analysis indicates that the reduction of the infra-
red emission efficiency is a co-consequence of the "electron loss" caused by the interfacial deterioration and the "photon
loss" caused by the GaSbBi lattice quality deterioration. This work may be helpful in optimizing the performance of di-
luted Bi infrared light-emitting devices.

Key words: infrared photoluminescence, GaSbBi, emission efficiency, in-well §-doping
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W 2~4 wm i PEBELLAN AOGAR 1 1 EE BB 2K
L F InGaAs/GaAs H i B (Single Quantum Well,
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4N (Fourier Transform Infrared, FTIR) JGHE{X DA Hhe i
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Table 1 Sheet densities of 6—doped GaSbBi SQW

25 1 2 3 4
Te BT % B (%10 em ™) 1.14 2.28 3.42 4.56

2 HRESH

AR PLOGIE W 1 R BB = T 0. 7 eV IX
B ARAE I A PLOGIE W AR AR TR T AR 38 0 78 =i
AR 55, L5 8 Bl ik 85 0 Y L L g BRI RAR 22, 3X
S PR AIGTR e AR 400 7 B ZE AR RE A R 4K 1M =
T R e AR, EEEAE, T
B B PLOGIE A A% /IME o il i 2 8 25784k, B T4 Bi
P R AT S 20 T O AN U, BRI FE N Y
FRIEIE 5 E T WK,

K12 7R T 100 mW UL D)3 T A A48 2% %

— 20K
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PL Intensity(arb.units)
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Energy(eV)

1 BRI R 1. 14310 em” ) SQW ZE ik PL G
Fig. 1 Variable temperature PL spectrum of GaSbBi SQW
with a sheet density of 1. 14x10" cm™
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0778V
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Fig. 2 100 mW PL spectra of GaSbBi SQW samples and

Substrates with different sheet densities
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B A ] 20 53 B T5 25 ARV

B3 AR MM R T I % 1. 14x10% em™ 1Y
SQW K H 2 25 B i 0 B R D K6 PLOG I . 18
SR B WOR D2 MBS R, SQW FT GaSh 3 22/40 iK1
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22/ AR D AIARIC A LI

GaShBi QW

n I n
GaShBi QW Te(1.14x10"%cm)

PL Intensity (arb.units)
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Fig. 3 Power-dependent PL spectra of GaSbBi SQW with a
sheet density of 1. 14x10" ¢cm” and the reference. Inset: En-

largement for the region I of the doped sample

HE BT 8 B 244 GaSbBi SQW ZL Ak &Rk
WSO RE 1IX PLSRFEE TR ), I 5 IR YR 6
B, 25 AR 4 ff R o BT 0L, T BEA AR AL TIX PL
FUOrom B 5L IR r R . BRI L
R R AR ) R 5 PO DR B TR R
RUEE T, B0 8 - % TR 56 R I RPRIE LT 41
BH R EHCR . R i e LA 20 M 8 1B 2R i 4%
JE S EORPR A AR, R ROR R LA IR R
RO T3, G5 REW X T A 4 m % E N
GaShBi SQW , B4+ #0 3 80 T RER AL, B A kot
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Table 2 FWHMs of zone I for the GaSbBi SQWs with different areal densities and the references as well

2H 51 1 2 3 4
- GaSbBi QW Te  GaSbBi QW  GaShBi QW Te GaShBi QW  GaSbBi QW Te GaSbBi QW  GaSbBi QW Te GaSbBi QW
" (1.14x10"2 cm ™) (2.28%10"2cm?) (3.42x10"%cm™) (4.56x10"em™)  (4.56x107em™)
FiJ (meV) 76 63 83 57 87 66 82 60
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Fig. 4 Excitation power-dependent PL integral intensity in

region I for GaSbBi SQW samples with different sheet densi-

PL Integral Intensity(arb.units)

ties and the references. Sheet density: (a) 1.14x10"%cm?,
(b) 2.28x10%cm™, (c) 3.42x10"%cm™?, and (d) 4.56x%

10”cm™
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Fig. 5 Relative reduction of emission efficiency in region I
(a) and I (b)
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Fig. 6 The schematic diagram of electronic transition and re-

combination process
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Table 3 Fitting slopes for PL integral intensity in region I
25 1 2 3 4
. GaShBi QW Te  GaSbhBi QW GaSbBi QW Te  GaSbBi QW  GaSbBi QW Te  GaSbBi QW  GaSbBi QW Te  GaSbBi QW
" (1. 1410 em ™) (2.28x10%cm™) (3.42x10% cm™) (4.56%10" cm™)
AR (mW™) 0.02 0.06 0.01 0.04 0.02 0.03 0.01 0. 04
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Fig. 7 Excitation power-dependent PL integral intensity in
region I, (a) 1.14x10%cm?, (b) 2.28x
10%cm?, (¢) 3.42x10%cm?, and (d) 4. 56x10”cm™
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Table 4 Fitting slopes for PL integral intensity in region II
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Fig. 8
SQWs with different sheet density and the references. Sheet
density: (a) 1.14x10"”cm?, (b) 2.28x10%cm?, (c) 3.42x
10%cm?, and (d) 4. 56x10"%cm™

PL peak energy vs excitation power for GaSbBi
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