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I FH T 0K BH 8 H L 5 A5 AR TR B S e 1Y
FAE B DLTS M rh & B 2000 1 A 4k
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SRy AR R R B SR A AL T A, BRI JZ A S
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it 3L R REARROE AR N BRI AR T2 i U 5
FAVRAL T HOEEF 0 BRI 2 Bt 25
PR 20 AL ZH 7394 0 | B2 0.25 F1 0.5, P
UEARAS ULEC, As 45005351024 0.02 1 0.04, 2811
BHEAA B, 0.167 eV TERE (55 —48
% EvInSb, it /E-0.167 eV) 5 +1.006 eV i T4
e, 250 SN 1.173 eV,

AR SR AR SRR IX Y Sb b LM i# Sby 43,
153 H B 1 R Sby 5 Sb, M AT LAREAR A4 A=
KT Sb SRR, BEALM BT R SUE A BT
FE =T R AERN IR IR RS %, dE A5 2] 5 P

R 1A -5 B IR A B g 2 B P4, X LA, AR S
Bkt Sb 9 24 DR EE B E N 950 °C, K] 2(a) 4
FE R i) AFM DURZE SR, R 5 2 10 S5 65 B i Bl
AJ UL, A BB R g R T SR YR (root
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Fig. 1. (a) Schematic diagram of the epitaxial structure of
InGaSb/AlGaAsSb quantum well laser; (b) relationship
between Al composition and band structure in AlGaAsSh
lattice-matched to GaSb.
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Fig. 2. (a) AFM results, (b) HRXRD results, (c) PL results of the epitaxial wafer.
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T 227E 200"LA N, AT 5 e S AT 21 1 5 e o B2 AR
A, AT LLAKH AlGaAsSh N HASIRES, Hil1 T As
o3I SR T ARBTG5 2 ik N, B2 M BE
WS EOT AT HE 1(b) M 258 22y
AT X InGaSh/AlGaAsSh MU TBF, dF#
22BN i PR AL R M B 22, KRS
(TP EABA As TR,

PL I3 o i) B2 06 R ATy 1064 nm 1Y
HEHOCER, MK R AN 2(c) . InGaSb/
AlGaAsSb XU TP PL g% K K 1960 nm, F¥
GaSb 7E 1.7 pm 40K PL IEH#E TS, UERH T & TRk
BB R EROCR, 20T InGaSb J2 B2 58 N
0.633 eV.

AR PIV MR ZE R A& 3(a) Bk, il
MERZMEBCY -V IER, WAHOG AR A G fi s
298 0.63 V, X N O AR R T B B T T 1) 1 2%
KBEGZE ). OGRS 0.2 A, S ET Y
R N~0.78 V, HAEW KIFE AR E 0.8 A i 2
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R 1.1V RUF P IE [ ik e o242 421 61 3
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IEREANG O N A RX Z AR KO, 8k
VIO AR 2L B AR AL R B 22 560 2 B0 20 nm /A0,
{HSEAE DLT'S 38 A i 0 3 e 7™ 42 il 5 Lk
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DLTS W3kt A o 9l e fin s 8 FEL . U, 45 )
JIrg ) pNHEEH AFE R XS B, S — Sk b o B
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AN, A it PR A L 3 B A ELRE R X T BE AR, Ji
FeAb THER X YR a5 Bl Tk v i R
SRR, AR T 2 R BB A A S - ER
Wl B HCPHRRA, B S A R AR T
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A M nT LR M & A R T R AT R A

W BRSNS R K 4 o T ke
3 Sy i P TS SO G AL REATT 15 2T B9
O3, X — i AR LR R I, R TR
T DI A TR AE 2B R o o R e ok s T e i i —
AL, PR RARN L, X— I RatigiE
P

v2fe

0.6
04 NIt

0
1900 1950 2000

1.0

0.8

Voltage/V
Power/mW

0.6

0.4

0.2

0 0.2 0.4 0.6 0.8
Current/A

3)

260 L (P)

240

!
—

220

[\

200

Capacitance/pF

10.9
180

10.6
0O 01 02 03 04 05 06 07 0.8
Voltage/V

Apparent carrier density /(1020 cm

160

3 (a) WOBEEE PIV IR 45 5 0.8 A FOGIE; (b)
Jean iy C- VIS 5 W B Tk B

Fig. 3. (a) PIV results and spectrum at 0.8 A operation cur-
rent of the laser; (b) PIV results and apparent carrier de-

nsity profile of the laser.
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Fig. 4. Schematic diagram of energy bands and carrier dis-

tribution in a laser under pulsed voltage and bias voltage.

080403-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 8 (2026) 080403

DLTS it iy St A =G

In(r-7%) = % —In(y0), (1)
Horp, 7 R B & B B T T R R R, T R S
B, AR HERFESEIN FHOERE, o MG II1F
AR f£ 58 DLTS i A8 %4 (rate window)
RN T 5 RIHEE - Z BIRSE R, R g
Arrhenius #1513 2|6 fE 2 4. DLTFS W Xf i 45
(1 Ik A i 2 A T B 18 B 28 4 (discrete Fourier
tranform, DFT), 153 2| &% ay, ay, by, as, by...,
FEA [ I R 5 50— (s, o] Dl fd B R A
Pt B i B A BRS I N 7. DLTFS AR5 %
AR R VIR g, H A R b
T e, E 0 R FORS BE L ] A T AR 4
DLTS $ K.

Bl 5(a) Beom T1E U 0.1 VIE LT,
DLTS 3 25 S bl fk vp i e U, 1928 fE G &R, 52
WP T, B A2 A 10.24 ms, kol 58 ¢ A
1 ms. Mk /N 0.6 VOB HEROULER 21K
S L R WA M £, BLE R T AN REA SUE T
AlGaAsSb )2 T EE TR /& S, B
InGaSb/AlGaAsSb Tt FBf. WHOGEE TAFE M 8%
22, KT 0.7 V ik i B He 45 52 7 B 9 9% oK B
PR AEETHL, AT B TR A, ek
HLE B T, 4b 755 p BUIX A & 1 BIRVE s 1
B BHEAE 200 K BFFIE T8 WG T IE 10 A9 2> 5 by . 7E
—0.1 VIEE U T, 125 T & FHEXT R Y b,
e E7F 1.2—1.25 pF, Arrhenius )& 4% 53 [
FER B A b p R e P, & 5(b) JB/R T ik op i &
H0.7—1.2 V 19 6 HEPE ) Arrhenius #1545
AT HIBR B BB A T4 I T J7 0.33—0.35 eV,
BREAZS R 2.90x101%—2.95x 108 cm 3, {F3R 1
UK 1.7x10 “—3.0x10 1 cm?. 3£T PL X753
M N T BRI T B, 45 G I B A XA R
AP TR TURIC R B, K 200 K T IERAF InGaSh
AR A1 A BB IE R 0.645 eV. [AIFEIEIE
7E AlGaAsSb [ 2 5, FH58 EE 1(b) BIR
02 HAE 200 K R UREHT &, B DLTS s
5 5] WA InGaSb & 7 B S A7 AL B A
0.654 eV, HJ N A8 S 2 InGaSb # #3747 1)
7 0.009 eV. 255Kl 1(b) Mk, AT LAHER L+
B AlGaAsSb I 32 MU B 254 0.156 eV.
InGaSh/AlGaAsSb 1Bk iy B 22 2 i ity
W22y 2 7%, BEE OGS TAEB K 3 T2 7B

AEt R A%, 25 BRI L 1 [ Bl 2 it — 0 R, $
Tt s By 254 S SR B AL P OB AR b K R T 2L
Ff R — IR 53 A, 5 B U BH 1) 2 7E A% DT e
ERFZT As AT RE&E 1% LA I RES, X
Wi xF R AT B A R 5 A K40.005 eV
I TR2E.

bi/pF
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Temperature/K
52.0 )
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U,/V s
51.5 | 0.7
° 038 !
51.0 0.9 vee
. v 1.0 w2
Il 1.1 ...' [ 2
& 505 © o
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wi e
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vigse
49.5 + Ve
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49.0 L— . . .
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5 (a) 0.7—1.1 V ik Wt £ F 19 DLTFS {5 5, fii & 5
JEM-0.1V, Bk 58 5 1 ms; (b) 0.7—1.1 V kb e [ g9 2>
F-U& Arrheniusid & £

Fig. 5. (a) DLTFS bl signals at 0.7-1.1 V pulse voltage
with a bias voltage of -0.1 V and a pulse width of 1 ms;
(b) Arrhenius fitting curve of the minority carrier peak at
0.7-1.1 V pulse voltage.

JIANE R, Rl kbR R 3 O, 7R AR
M EEER B T A m 1Y bl 5506, H5R B Fl A ik
LR S RS 5R, (HURAE-0.1 V I R B L
A R Arrhenius #4 & . A L IR AT 4 B #E 0.4,
-0.2, -0.1, 0.01, 0.1, 0.2, 0.4 V Ff & Rk 1T A
£ 0.8V A 1.1V ks B #A T DLTS %,
Jik o e BE ORRE 1 ms, WK 25 SR 4 B 7E B 6(a),
(b) W IR, AT LAE B BE A i R 5% ) 1F o] FL F
B {5 S SR BE RIS, 7E 0.4 V BHE S LTI
9, BEIF AT I RE R X i A 2L 4 S B 5
Gh, A £ FITREAE 1.1 V IRkl 5 R A4
RS BB AR BB A M £, I HLFE A FE S X ST
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Fig. 6. (a) DLTFS signals under a bias voltage range of —0.4-0.4 V, with a pulse voltage of 0.8 V and a pulse width of 1 ms;

(b) DLTFS signals under a bias voltage range of —0.4-0.4 V, with a pulse voltage of 1.1 V and a pulse width of 1 ms; (¢) Arrhenius

fitting curves of majority carrier peaks at bias voltages of 0.2 V and 0.4 V; (d) energy level positions of electron traps measured un-

der a bias voltage range of —0.4-0.4 V, with a pulse voltage of 0.8 V and a pulse width of 1 ms.
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SPECIAL TOPIC — Semiconductor physics and devices

Characterization of band discontinuity in InGaSb/AlGaAsSb
quantum well lasers based on deep level
transient spectroscopy”
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Abstract

Antimonide-based optoelectronic devices are pivotal for compact, high-efficiency light sources in the 2—4 pm

mid-infrared range, driving advancements in gas sensing and laser medical technologies. The rapid development

of novel antimonide lasers, however, faces a critical bottleneck: the lack of experimental data on strain-induced

band offsets in key structures like InGaSb/AlGaAsSb quantum wells, which is essential for accurate device
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design. This study addresses this gap by employing a combined approach of deep level transient spectroscopy
(DLTS) and photoluminescence (PL) to experimentally determine the band discontinuities in such quantum
wells. High-quality epitaxial wafers, verified by atomic force microscopy, high-resolution X-ray diffraction, and
PL for surface morphology, crystallinity, and emission wavelength, were processed into lasers. Packaged devices
were characterized for P-I-V curves and lasing wavelength before undergoing DLTS in a high-vacuum (1x
10 Torr), variable-temperature (85-300 K) system with a high-sensitivity capacitance meter (0.01 fF, 2 us
sampling). Our core innovation lies in directly measuring the conduction band offset via DLTS to be 0.352 eV.
Combining this with the PL-determined transition energy yielded a valence band offset of 0.156 eV. Beyond
band offsets, DLTS revealed critical defect properties: a minority carrier peak was identified as electron traps in
the waveguide layer (capture cross-section: 1.7x104-3.0x10 " cm?; density: 2.90x10'8-2.95x10' c¢cm?). A
majority carrier peak near 150 K (activation energy: 0.13 eV; capture cross-section: 1.9x1016-2.2x1016 cm?;
density: 2.71x10'%-4.26x10'® ¢cm?) is attributed to hole emission from the quantum wells. This work provides
the first direct experimental determination of critical band parameters and simultaneously characterizes key
defect states, furnishing indispensable data for band engineering and defect suppression in next-generation

antimonide lasers.
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