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Abstract

III-V group semiconductors have received a great deal of attention because of their potential ad-
vantages for use in optoelectronic and electronic applications. Among these materials, with cha-
racteristics that include high carrier mobility and a narrow band gap, gallium antimonide (GaSb)
and GaSb-related semiconductors have been recognized as most suitable candidates for high-per-
formance optoelectronics in the mid-infrared range. The performance of semiconductor devices,
however, strongly dependent on the structure and optical properties of materials, so the GaSb
materials research focus is to improve the quality of crystal, adjust the alloy composition, improve
the luminous performance, etc. In this paper, the progress of epitaxial growth and material prop-
erties of 2 - 5 pm GaSb and GaSb-related semiconductor materials are briefly reviewed. The epi-
taxial growth processes and material properties of GaSb, GaSb related alloy materials and GaSb-
based quantum well materials are discussed in order to obtain the optimal conditions for epitaxial
growth of GaSb-based semiconductor materials.
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HI-VIR A SRR FOt B 7B s AR T % R K. X, GaSbAIGaSbAESEF SR A
FA B AT EB R AR R BTN RSN BOLHE TH SR B Em A . 2RI,
FFEAOLH TR R PERE SRR T A B I S MR, BT DA GaSbAP BT TAEE R TR
AR, BRARSEHT, REOUHERESE. K30 2~5 pm GaSbGaSbA R3¢ A kKIS EA
WAFSEHE B BT R R T R ERRR, FERHE T GaSbA Rl GaSba &M R L X GasbiE &
TR SNEER SRR EHER, DIAIZRE GaSbE L M BANE AR BRI KAF -
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1. 51§

2~5 um FLLAMNMIR) G XIREA B RRIWE B, BEATE 2~5 pum K X8 TAE 6 H - 28 7E
Iz AR B R RL A, ARG AR, FREEI, AS EOGIELE, LLAMRHIR R SR S 1] [2]
[3]. Bk, LA SARBOCR A A SIS R B, S 3R IE R AN TR IR R A A ER (A 5T E
R[ATe M-V 2P SARM R Hr 2T A1 2 SRS 28 AR I 2% (1) B M EMA R . TEIXLe kb, GaSb & GaSh
BB GAED T LR AL M HF A B, A B R A DL R K T 2 [5] [6]. Rk, GaSb 44 ik
ML, GaSb i RS M BLAE GaSb - S BHELE S S K E . 7ok, HET GasSb Hf: Sk
Mk, Al TR AR, BOLRS IR AL P A B et 1O HL 2R [1] [4].

FIHATMIE, Gasb Y- FAAM R I SME A K FE TR AR AHSNE(LPE), & )& A ML A5 DTE
(MOCVD)HI7; T HRAMEMBE) B AR . FEIXEEAHMEFA Y, MBE 1#id BRI - R THRHR RETY,
A THIE MIR BB TAR MR WA, oG R AR 28 [1] [5] [7]. @I HEEANESE, TSI BA
AT ST R R S S T 45K . SR, GaSb L SR SR RIAMNE Jif B £ 3 dsEPERE, 7E
MEMEA KIS FRES, SAE I JHC BRAGSERE  N )46 [ ) 294 WP 2L AMER A 1Y S A A 00 B FH AR Jig

TEARSCH, FRATIX GaSb F1 GaSh SR A1 A KA R4 B OB 730 e e T T B RER, 28
— #8453~ GaSb & &I BEARIK ANE A K R RHE RIE 7T, 1538 T GaSh & 4 AR AR E A K R e
MABHAE S BB T BIR s 55 — 8040y GaSh B &1 BB SMEAE K XM RHME 7T, iR T GaSb Jk &1
BHAA AL () 1 A A T R B A R 5 (0 2 IR

2. GaSbh ZEH&#MHE

BRCYIREEEYLG T T RERSCEME - AR FR B 1IN e Al Ga. In ATV JRIGE Asy Sb T
RIS ABTTRR -V AL EYES4E, 10 GaAsSb. InAsSb. InGaAsSb. AlGaAsSh =75, MUtad.
Horb, GaSb £ —FEER -V BS54k, GaSh HANT=J0RIUTT NIV Ak A4 SRR 18 (1)
e HE A 1 FoR), BTLL GaSb RERS SR 11-V EBAEAIARL S AR IR 5 5 00RE, BRI T s sy
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MEHA K. I H GaSb 5 GaAs —FEEA INEEN (ZB) 454, ‘B 1B LL GaAs Z/)h, HAirE 0 K 4 0.822 eV,
7E300 K 4 0.725eV [8] [9] [10], Alitk, FEALLAMNE B FEI N B ARSI T GasSb A EMIESA B ..

TWAHAME(LPE) 2 GaSb M EIMEAK i B M, HHATZ X TEE LPE BARSMEAEK
GaSh [{Hiil . 7E GaSb #ME J2 13K H T 30URI 6 24 PR I I R B 7 h, IR Ga £ 500°C ~550°C )ik 5 3 ]
S BRI RIS s R EAMEZ[11]. BATEIRER T A KRN ZE B A BRI RIRER PG E, (H
AR LA ZE, A ES T 231N H[12]. Jakowetzet W [13]%5 A$RiE T GaSb [ CVD K. GaSb
) MOCVD A K L4 S [14].

HHT, BhLyphRl 32 B R T A 3 P 1 0 T AR AME(MBE) B AR AR Ko IE4ER, BEEIE#T)
SOSPT R, MBE )2 T 38 v 0 B B i R RS A 4, AT K ORI 588 1 36 b4 R R B84 RO 7
HBEE . MBE S J5 I B4 F A (1 B AN B A AL A0 HE ) DA IR IR, 7R = 8 2 ARl iE
R FIYTARAE AT IS 1 [15].

T E R 2R, A TR EEREN AR, B EINEREA R AR — R E.
InAs, AISb 1 GaSb 1 BHEH 1E A M Z LR R 7E Noh [6]%F Afii&H, GaAs(001) 4 ALK T
HMEEK T =R GaSh I, JEFIT T AN REIZEMZ 1) GaSb MR SRR . AT SE SRR, AISh
5% GaSh M Z X T-#E i GaAs 41 _E A K ) GaSb FEE B &k H A H .

fE GaSb MRMNWEBHRLE Y, U GENEYRIET BEEW. BT HESSHHHS, AT
FEAR 55 Y0 P TR 5 A RE AT BEORT SRS . B, @R BRI TESL, Wieder A1 Clawson [16]#i5€ 1 InAs,Shy,
MEHERE T FH» x 5HBRINCREENX, WF:
3.4x107*T?

210+T

1E GaSh # = A &M EHL7]H, GaAs,Sbyy LA AT LAZE 0.8 pm % 1.7 pm 158 Bl A #EAT 11,
T HIXFER B KA 5 5 InP Al GaAs AHLLTE G 28R 7 T R 2 Rl 5. Chou [18]5: A
OB T A AR R MBE 7E InP 4+ JiRAMEAE K (¥ GaAsSh & 4 AT RHAE B IR . JEEEA 1 um (1)
GaAsSb &4 7E InP(L00) FIf AL InP 4 (2°, 3°, 4°) FAEK:, JfFiliid XRD F#AF. AN X Fekmo
350, IR MR E T GaAsSh A &4k d i i, H 45 PG TR A MBE A4 K88 F0a 52 . 28110,
ER Sb i AR AERTIEVER], (A2 Sh TG RMB AN FEUME AR R, 454 tH I 5 5 A5 A 35 5 (1 1)

E, (xT)=0441- —0.876x +0.70x? +3.4x107* XT (1-X)

2.5 0.5
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Figure 1. Band gap as a function of lattice constant for 111-V compounds
and their ternary and quaternary alloys
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R, R, A 4 dH A BRSO B B Wei [19/MNVHIRIE 1R IR A R 44 T AEK ) GaAsSh —Tué 4.
GaAsSh & &1 i A K A6 R AT Sb 2140 ine 1 Fom « 45 R R W, RS 5 GaAsSh #4911 Sb 473 %
SR, X SEARI SRR A2, GaAsSh & 4 1 5 K 32 B i B %Ak 1 BR il o

5 GaSb fHULACH InGaAsSh MUt & &Mk D&l 2 5T, JRIFTET InGaAsSb VUt # &4k
& 2~3 um I B0 B8 B R X B R 4 [20]. AERIR TAE R, Karouta [21)%F A E4E T GaSh
BN InGaAsSh I EL#EAT I, A1 T 0.6 eV [ ih 2% HIL A. P. Craig [22]% \#iE T 5 GaSb
() A DC R ) Ing 26Gap 70AS0 25800 75 #MAEJZ, FE HAEZ IR A 250 K N3 2.9 um A1 3.0 um IR IEH K.
K2 8R4 KF) 300 K HEEUR LA B LL AR 190 K B 300 K 1 IH— A0 ik 7 ¥t . gk &l
DA SIS A B 1A o 9 TR 25

AHEE T InGaAsSb VUt A& kL, 5 GaSh @& ILAL K AlGaAsSh MUt A & B & EH E 2K, H
W HAET A a2 SRS E #0552 LA 5 24 kL. Adachi [231@ i #e THHE A 2] T AlGaAsSb Yot
S EB SR SR MR R, Ait-Kaci [24]5% @50 ss BHAERE TXANA LR, W T
AlGaAsSh VU T & &Rk UL, WS i oo R A /2 — S, &3 451 15 Gasb fni& UTELI
AlGa,_As,Sb,_, TUTG & S MR x 5 R KR,

TERGE I 7, Jasik [25]554KIE [ E LR B NI R BT 5t F X MBE 42K AlGaAsSb #ME )=
PR FIETE o TSRS I SE B 25 51, 184 THIE AlGaAsSb T G & &M RS2 Lo 1 7
%2 T A ALGa,_As,Sb_, SMEZ Ik S 45

a7 R, Gasb HEASHMEMEL, GaSh —ItAEMEHAMEA KO AT B, AN LAk
KM ETER GasSh WM KL, MEmfETE = u R WUt RMEMEER KA EER, EAH
IR A RN ERRES, MR A K E R, 2 -V RSP RE MR —. Hp
GaAsSb. InGaAsSh. AlGaAsSh & 4 i A kL A7 V i G 2 As<Sb 5% 4+ ¥ il @, iT LR F As2 I Sh2/Sba
RE TR As2 F1(Sb2/ShA)ak V R TG RIRE W, P Sb 7FiEtE, MR As i Faia %, 1T
GaSh £ =Jt. Wt & S EEME M EA K.

Table 1. Growth conditions of the GaAsSh alloy samples
7 1. GaAsSh & &M E K&

Sample Growth Temperature As/Sh Beam Ratio Sb Component
1 600°C 28:1 6%
2 600°C 16:1 8%
3 600°C 71 9%

01 0.6 0.55 0;5 0.45 0.4
1.0
102
T 0.8
3 00 B
< 10 . 506
" - c
g / 8 0.4
e t 5"."' $
o 10-51."'01‘" = 0.2
sl o . P 0.0 . , .
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Figure 2. Photoluminescence results measured between 4 and 300 K and Normalized spectral
response data, between 190 and 300 K
[ 2.4 K E 300 K B BUA FEERARLE 190 K ) 300 K B3 — 1L e 10 52 442
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Figure 3. Band-gap energies as a function of the x composition
parameter forAl,Ga, .As,Sh;_, when lattice matched to GaSh

& 3. 5 GaSb Si&ILECHY AlGa,_As,Sb,_, AT & EH R
BI4ESD x SEETHEEENXR

Table 2.Chemical compositions of Al,Ga,_As,Sh,_,layers
F 2. AlLGa AsyShy_y FMEJZ L B 45 R

Stoichiometry Coefficient Mis-Lattice Lattice Mismatch
Sample Relaxation degree (%) Lattice Constant (A) Match (ppm) (ppm)
X y relaxed (sinBS/sin6L)-1
#A01T 45 0.430 - 6.11255 2814 2837
#A02T 10 0.355 - 6.10956 2324 4267
#A03T 44 0.480 - 6.11455 3142 4782
#A01Q 0 0.430 0.0437 6.09277 431 —-820
#A02Q 10 0.355 0.0045 6.10753 1989 3664
#A03Q 0 0.480 0.0319 6.09997 750 1463

3. GaSb EE T

BRI B MRS T T RERSNE, S TR 2 R e . RE B SR N MBE BRI
My AR 7Y R BRI MR, AR IR R ERE DT SR 2 2RSS, Bk
VIR RO L2 S5 M RGBT R R B 2 & TPk BT MR 7RIS IRAEREH MR, AT
SN | BUETRER 1 B (W B BT

3.1. GaSb # | B EFHHE

B | BB TR A, BRI EHMA &8 InGaAsSb/AIGaAsSh &1 4ifyfhk % . MBE
A K InGaAsSb/AIGaAsSh & BHEO &8 CLSE L 1 RIS E 1.7~2.7 pm UM [26] [27] [28], 300 K B &6k,
Y| ME TSRS A 3.1 pm [29] [30]. 3.2 um [31]. 3.36 um [32] P K SIS . 2 um EX
INGaAsSh/AlGaAsSh £ & T UG EMA RINBET 45102 | ZU R TBFaifg, K 48 56 BEAH R B 1)
INGaAsSh M kAT B, 2545 58 AR R AlGaAsSh Mk #H 2)Z .

RKT InGaAsSb/AIGaAsSh - AU LS BHIAT 746 T 1978 4E. 1986 4F, DURSER = T FLA
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E JeH MBE 4K T XU 4 InGaAsSh/AIGaAsSh Bttt kL, MR A6 KN 2.1 pm. 2000 4F, Hisk
PEEFR 2= m AR RO C.Mourad [33]15F A MBE 7RI T 1ng1Gag 9ASo 08Sbo 92/ Al 3Gap 7AS0 0350 97
WEFHIEL BTEEAP ARG RS, EEKERES, @idimdl As BRI S 2SE, As, F1 Sb, 221
HRSZIIXT V ETeER As Ao IREREH] . Bl &0 Ing1GageASe0sShogal AlosGag 7AS0sSho o BT M LKA
T 2 um IR . 2004 4, S [E LA L FHE HLIE R 2% B AR A0 L W 34158 NS H FTE | B2 InGaAsSh/AIGaAsSh
B TBIARMA R AR T NASEMENLE], SR 14 nm SRR Ing4GagsASe15S0oes AFEMBEHZ, 21 nm %2 15K
MNAE AlyosGag75AS00Shoss AFRE, EFHHEIAN 4 A, EFHFESET 282 um Kit. B 4 A
INGaAsSh/AlGaAsSh & HiAF kL) XRD fi5 2k .

2009 4, TN KM EE FRLEBF 78T J. A, Gupta [35]%8 A MBE A=K T 9.42 nm & 1) Ing 4Gag 6AS0.14Sbo g5
TP, T 30nm 1] Alg 25Gag 75AS0 02500 08 173 B8 S HEATAME, 73 B JZJE N 0.53 um, & B RN AN
1.49%, SEMURIGHK Ty 2.4 um. K54 InGaAsSb/AIGaAsSb ZE B X S ERATH .

2014 4%, H¥5ACIE K% Chien-Hung Lin [36]% A\l i i #% S V GG R ACEE R M F B, Bl

)”L’l\
MM M“'M
i Mwmf ”N{ WWM M'm‘(‘

Wi Ii' L ﬂ" MW" W\Mw

-6000 -4000  -2000 0 2000 4000
Angle (s)

Log (Intensity)

Figure 4. The XRD diffraction curves of InGaAsSh/AlGaAsSh
strain-compensated quantum well structure
4. InGaAsSb/AlGaAsSh B T #MEE F &5 XRD 17
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Figure 5. The XRD diffraction curves of InGaAsSh/AlGaAsSh
multiple quantum well structures
5. InGaAsSb/AlGaAsSh % & FH£5HRY XRD fiT5t Lk
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AT TR ) InGaAsSb/AIGaAsSh & T BEREL, JE3RAF 1AL OGS TR . 14 6 79 InGaAsSb/AIGaAsSh
T BRI AR KRR e R T R B DR S PL R . IS AR PL 57ET) % PL SR A K
B TP REAT AT R, £RE TR 2.2 um KT K6, (KRN PL 8 FHEE A2, JFH
A PL R Bulk-like 1724, RIAPHE/2E R HREMT . IEF 7Y S MR S e, PL
K 2 58 BEAEARIR A — AN R /N IR ST FE N 5 meV.
2014 4F, RIS N[B7ISE N T T A KRR EAERAEXT InGaAsSh/Aly3Gag 45N 2sASo 2
Shy7s MQWs FEf EEBURYE(PLY R IR, UMLK S, Bl EKSEL, MQW 4k Kt
R4 JE 31 3.83 um. |4 7 ATEMRAL A K S H41F T InGaAsSh/AIGalnAsSh £ & 1 [k 45 4 i 3 — 1k PL Y6 itk
4, 4% )11[38]% N\l % T GaSb & 2.4 um &t InGaAsSh/AIGaAsSh | 2 &1 BHEOE — A . ot #s il

1.2
1.0
0.8

—-0.2

Normalized intensity /arb. units

Figure 7. (a) Normalized PL Spectra of InGaAsSh/AlGalnAsSb Multiple Quantum Well Structures
with optimized growth parameters; (b) Dark-field TEM image of 3.83 pm quantum well sample
7. (a) HAEKSHEHT InGaAsSH/AIGaINASSh %8B FHHEHIEIIT—1L PL 3iE; (b)
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Figure 6. (a) The element shutter control scheme for the

growth of InGaAsSb/AIGaAsSb quantum wells; (b) PL dia-

gram of quantum well sample

& 6. (a) InGaAsSh/AIGaAsSh £ FBaYE KT HE R 1%

FIE; (b) EFHEmRAEY PL

F=——2.71pm QWs
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=A™ Ing 35Gag65AS0.1Sb0 o/ Alg 35G a0 65AS0.02Sb0 05 BT BFELEL, AT 1%I1) 4 AL 8 NE TP B E
I PL i

2015 £, Seth R. Bank [39]%F AFEARIE T4 K GasSb 3 | BB 7B, @ikt in — & ot s iA I8
JE RS SR AE K R A o 7 350°C B4 IR T AR K B TR A, ik 2.8% 1 46 N AR 4 45 N\ B GaSb
FHA4Z 1 InGaAsSb/AIGaAsSh & F-BiH, ixsegs R ILH =REEUR IEE % 3.96 um. 5 9 HAH In
4173 5 MiAE ) InGaAsSh/AIGaAsSh &1 BFFE & (1 = iR PL Jgith.

2016 4F, MBI G R T K% Maxim Ya. Vinnichenko [40]4 \SZIGH TR 1 BA AR RIBEE 58 )
INGaAsSb/AIGaAsSh & 1B ity M EUR OGS, Hrt 5 7 2 55 2 G (1 B 2 - FEXT SR 98 FE PR 1K
P BTSSR IR A RAF RIR I — B 75— EE R PRSI R R A2 O — AN TR S 3
TP TR A PRI R E & o HE T A F IR = S @, DR IKE) 3 um 3
PR N TAERER . 2017 4F, MATI[41) RS ER 5 S0 264 FOF L T ARSI RE R R A R4
JZ 55 FEI InGaAsSh/AIGaAsSh & T BFAE I EBUR G(PL) it . SLBIE T HEUR GRS e hhiz Ae g M
KA, R TOCERO G X AP0 IR KOS R . Il See 53 THR R ELIE] 7 FE— M AT
(IRE LR R AR SR AR B AT - 141 10 AR 52 FE 1) InGaAsSb/AIGaAsSh & FBF L EUR Yt .

2017 4F, Maxim Ya. Vinnichenko [42]%5 N7EHAT & M35 L2 BRI R -7 98 52 1Y) InGaAsSb/AlGaAsSh

T —— 2.34um QWs
- FWHM = 40.5 meV
[ - 2.39um QWs
- FWHM = 45.3 meV
I 2.47um QWs
FWHM = 41.9 meV

ormal PL intensity (arb. units)

E v e e
Z 1.6 1.8 2.0 2.2 2.4 2.6 2.8

Wavelength (pm)

Figure 8. Room temperature PL spectra of Ing35Gagg5ASe1Shoof
Alg35Gag,65AS0.02Sho gs quantum well structure
8. Ing.35Gag 65AS0.15b0 o/ Alp 35Ga0 65AS0.02S00 08 B F LR

HUZER PL it

In 55 %, strain 2.45 %
,\150- =
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1 50+ E
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Figure 9. Room temperature PL spectra of InGaAsSb/AIGaAsSb
quantum well sample
9. InGaAsSb/AlGaAsSh £ FHHERIEIR PL &
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T BRI T R EBUR G AR o 6B GHE FE FIG O KT (1 SEBRR 22 I A It S it
B 6 BUR S 58 FE R A8 B 73 B (R AR PR EA T Lo il 2 B AN RSP RSB U 630 112,
AT DASRAS BT A7 3R 30 51 B b B TR 5806 2206 7 R AR SC R B St BRI 1] . 15 1 AR T AR SR 5
Shockley-Read-Hall # Auger B HEAH AR . LEFLESHIA Y, InGaAsSb/AIGaAsSh & 1B &k a LA
FEERRMRAE &, XK IS SRS A NER FIRER K. K 11 AL 2] InGaAsSb/AIGaAsSh
TP el F hhl FEGE S5 SL3013 21K PL R G R B G R FITHE AT 13 21 1) 7 B A & o

GaSb J | A& 7B RHR B AR MM RHA 2 InGaAsSb/AIGaAsSh MRHMA 2, SR FI AR 58 5 AR Xt

Jtau |

0.5
0.4

0.3

0.2

0.1

0.40 0.45 0.50 0.55 0.60 0.65 0.70
Photon energy, eV

Figure 10. Photoluminescence spectra of structures InGaAsSb/
AlGaAsSb quantum wells of different well width, in nanometers:
9(1), 7(2), 5(3), 4(4)

10. AEIBEIEE R InGaAsSb/AlGaAsSh & FHHHI PL i (1~4
DARKMEREHN 9. 7. 5. 4nm)

0.7 T ] T T T T ]
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g o6l ]
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004' \\ el -1
§ N3 ~— :
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A= T~ | Aot ]

0.2' "-,__ .
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quantum well width (nm)

Figure 11. Experimental positions of the photoluminescence
peaks related to the transitions el—hhl (circles) and calculated
energy gaps (lines): E(hh1)-E(sol), E(el)-E(hhl), E(e2)-E(el)
marked as 1, 2 and 3, respectively

[E] 11. InGaAsSb/AlGaAsSh &-FF# el £ hhl AIERIT 5 SE8E 15!
B PL &NUERGIE X RFITERSRIRTEIEEES: E(hhl)~
E(sol), E(el)~E(hhl), E(e2)~E(el)RlkRizH1, 2, 3
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BUE B InGaAsSh MR Z, AR B FEAHRHECK ) AlGaAsSh #1k 34 22 )7 . 7E InGaAsSh/AIGaAsSh
HTPEE K, 2R S5A RN 54 R UTAL , B 1% 3% 5% GaSb 41 Kl 3@ 1875 InGaAsSh/AlGaAsSh
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3.2. GaSb & “W” BEFHHHR

B | SR TR RBE S IEKN 2~3 pm,  WERRSERKDE 3~5 pm Jr AR, fEEAE KR K.
BT PR EA SN, SRR TR R ABO ST B R . AR | BRI
B R BRRRE], AR ERRE W B THEEE, HX InAs LR PR GalnSb 7 E T B
B “ ZBRVR 7 45K, SR AISb B AlGaAsSh 7EILAME T R Hil 2 3L Rk “W” BUEF R, Wl 12 A
e LAY GalnSb 7 7E TR In 2H 45 K BN A 0 ke g 5 8 S G RO A R R T .
RN T | R FHRHEMTET: 1) ERMBKEREE: 2) BEmlmsai[43]s 3) HammrEm
PREIIEF[44]: 4) FELFRIERKBR S RE 71[45]

1995 4, SEERIHEFTSLE % D. H. Chow [46]55 Ai@id 75 InAs/GalnSb “W” A& 1B R % =
ZH, K137 3.28 um & 3.90 um K. 7% 3 B AU SRIGAE fh 0 AR K AR AF DL GRS R

2005 4 C. L. Canedy [47]1% A\iRiE T 7F n %Y GaSb #¢ & _EAME A KK InAs(15A)/Gag 751N 25Sb(27A)/
INAS(15A)/Alg 15Gag 85AS0.05SP0.95(80A) “W” U EEF-BiF4i#, K73 1 3.56 um 19 &K i £ . 2009 4 J. Hader

v,

AlSb

InAs

Figure 12. The band structure diagram of “W” shaped quantum
well

12. “W” BIEFHRERREE

Table 3. The growth conditions and test results of four experimental samples
7 3. LM RIERKEHUIRMREER

Ga0.75In0.25Sh InAs Number of Maximum Wavelength at Peak power
Sample Thickness Thickness Quantum Temperature max. temp At saturation
A A well (K) (um) (mW/fact)
A 35 17 5 135 3.47 35
B 33 15 5 170 3.28 4.1
Cc 37 21 6 84 3.90 <1
D 35 17 5 160 3.48 3.7
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Figure 13. The band structure diagram of GaSb/AISb/InAs/
InGaSh/InAs/AlSb/GaSh “W”-shaped quantum well
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Figure 14. Room temperature PL (dashed red lines) and PR (solid blue lines)
spectra of GaSh/AlSb/InAs/GalnSh/InAs/AlISb/GaSh type 1l W-shaped quan-
tum wells: (a) grown at arsenic pressures of (A) 0.6, (B) 0.47, and (C) 0.3 Pa,
(b) grown for various InAs layers thickness of (D) 2.15, (E) 2.3, and (F) 2.5
nm

14. GaSh/AISb/InAs/InGaSb/InAs/AISb/Gash “W"H! & F L =R
PL (& [E%)F PR El(BE B SLLL): (a) As HIRFESIH(A) 0.6, (B) 0.47,
(C) 0.3 Pa; (b) InAs ZHIEE A(D) 0.6, (E)0.47, (C)0.3Pa
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2011 4F, G. S¢k [50]% AT | MBE A KANFJEJE InAs H1 GalnSb 1) “W” &P FOGEUR
HERVERAT N, DA E A IR X AR TR 1) R N . BT Ss iR B, B O A JE L) Gasb
JE 36 AN R BRI TR EEE N, & 15 Ao AT GalnSh JBE4 M4 “W” Bl & T4

FIAZ IR PL 61 -
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GERY, ZSEF A 2.3 nm ) InAs ZF1—A 3 nm T K Gag7InesSb E 4L, XEEHAEE 2 nm B
AlSb #&22, ZHifZ J5/2& 300 nm f¥] GaSb Z&i/ZF1 50 nm ] GaSb #)Z. B =R PL FE iR PR X
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Figure 15. Temperature dependence of photoluminescence
spectra for samples with different GalnSb layer thickness
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Figure 16. Fourier transformed PL (red line) and PR (blue line)
room temperature spectra of GaSb/AISb(2.0 nm)/InAs(2.3 nm)/
GalnSb(3.0 nm)/InAs(2.3 nm)/AISb(2.0 nm)/GaSb W-shaped
quantum well
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Figure 17. Room temperature PL spectra from (a) InAs-based
and (b) GaSh-based W-shaped quantum well structures
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Figure 18. Photoluminescence spectra for the reference InAs/GalnSb sample
(solid) and two samples with GaAsSb layer of different thickness and As content
(see legend)
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