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JE ASURREE, 38 3 1 O e R TR I R B R 2% 1
PG 5 A ] AR D5 (i M) e e ISR . BR T GaSb,
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3x B 5x FAR AT A KRR, E 1R, Z
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Fig. 1. The surface reconstruction of GaSb substrate
changed from (a) 3x to (b) 5x at about 410 C.
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(2T AN ASC) 2 S oA JES IR R, DA 2R R
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Fig. 2. The oscillation curves of RHEED obtained by grow-
ing InAs materials at different temperatures.
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Z, AT InAs BB AR KGRI R AEA K IR
JEMRT 500 °C B, HAE KR EARFEAAS. X H
H ) 32 i PR A R TR I A 3R B 3 A In B i
FER TR (L0 520 °C), K FTA Bk 4 E Ry
In RS 53] THMEZMERK. &G LR E,
SO FBERFGAE 420 °C BT HET T B LY AE Xt
BRI K.

FESTF AMER A PR I AR e
TAMERRLZ AR . DA Ga 5005
SIHER GaSb Fl GaAs #1 8RN, 8k RHEED il
PR T EN AR ER. &3 Z MR AR
AR HCRRE Ga UK IR AR fR I B X L B4
WA, PIRhRE R HITE 420 °C F1 580 C A KA
TEMMFRFEFE L, B GaSb #MEA: K7 GaSb
T [, GaAs IMEAKTE GaAs #1IE . 7TLIEH,
TR IR B4 A K S 3R S U 0 3R 1R AR A 1S O s
Arrhenius &R, SR1M, 7EA R IR EE T, GaSb
(A KR AT L HE GaAs B4R KR T 24 1.26
F. 2202 R AR R ) A 2 S A
R EALT B ) Y, AR 6 TIT R (Ga JRRT) B ik
E, MR KSR B Ga J5 T B %A K Rl RE 2
JZH GaAs(5.64 A) Fl GaSh(6.03 A), J5#& K K
MEBOR TS, RUAAEEE LS KT, (&
A KR R F RS . X T Ga NN,
R FFE R R Ga JiF 2RI E 4K GaSb #l
GaAs P, T2 Az R AU A% 5 B 2
HIE. AT A KR RS T LI (aGaSh/
aGaAs) g PU Wi 2 Ui, 7EAH R IR iR BT,
GaSb A KBRS I GaAs Ft 1.25339 %, A
SIS R A BISAE Y G R XA F R AMEA:
K TR & BAA IR EE A B S, BRI R —
Ty AR E ook ok, I AE o — R R Y
AR AR AR R TH A AT LU Y 345 55 A —Fh
MBI AR . XS E A R A K, BT
GaSb #1E MMM 28 GaAs #FE R 545, AEWEF
H GaAs, AlAs 7E GaAs fJi5_I {9 A4 4 HOR [A]FE A%
i GaSb, AISb A= 2 AN {H AT LABK A b e 1R 52
Liod s R NTTNERIE | B SIS Ry =10 il

& 4 &% H RHEED il & 3K 45 ) AISb 4 &K
HCRFE R AR . SER R T PR AS [
AU AL T AISb A K. —Fp R AL G Y HEIE
IR IR, M5 —FhE SUMO JEY. 5 GaSb
AR TR E I I B A AR OC RS, AISh AR K

A X YR IR R A O OC R L SF Arrhenius ¢
. ORI, IR A E ], BAPSEALE AL T
FEY AISD AR AR R IR B AR [ A 17 L A
ZERRA. I 4 vT LUE B, ZEARARAGAE R A9 AR K
R SUMO WY 1Y TAE R B 5 AL e 54 22
RIRZ, RS J4h, TRk &3, X1
g g, PR TIF IR E, BT AR S R BN A
T2 LIS 40 °C; X SUMO P8, ]
T e, HF 3R 5 S0 R R BT
20 C. BB MIE AR R A G AR AL 153
JB&. AT, SR A SUMO YR AT DL 3 B AR 5
XA} JEC L FE R SE R, A7 ) T v B A ME AR K

@ GaAs@580 C
I @ GaSb@420 C

—

GaSbMGaAsHERKHZE /(pm-h—1)

©
=
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B 3 GaSb il GaAs A K F Bl Ga Wi H il B 10 AR 10 175 5

Fig. 3. Variation of growth rate of GaSb and GaAs with
temperature of Ga source furnace.
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Fig. 4. Variation of AISb growth rate measured by RHEED

with source furnace temperature.
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ASHMERIE T — 20k, 7ESEBREs AR ME A K
AR, PR EAAIEER. I, it RHEED
D ARAT I A A R B R IS 1 100 T AR A5 1Y
A AR T e —E 2201, 9 T SR 1
RAEA A KR AT 2 L) RHEED W) 4 4
SR N LA, TS IR IERE R 0 A 51
M3 XRD W 2R S5 4 it R 0 A s 3R AR g
— LG HE. DL InAs, GaSb Fl AISb J2&E M, 78
GaSb #iE E4EK T GaSb/AISb #1InAs/GaSh
LI ST R O AT A A A SRR A T T A R 1Y
.

A K GaSb/AISh, InAs/GaSb #1 InAs/
AISh 5 H8JE T ABAB...AB BIM 5it%, 55T Bra-
gg AP AT LUK ] 2(Dinas + Daisy)sing = LA, 153
FERE(E R, AR Diaas + Daso HHEEASJEI, LA
TSHEEL, 04 Bragg i, CuKal (A=1.540 A).

NnAsGInAs TLAISbAAISD
1M} Dinas = > , [A]PR Darsp = > , Hir

Ninas Al naisy 43910 InAs Fl AISb 43 FJZEL, amas
Flanisy 23 549 InAs Fl AISh Y 546 8 %5, 3 A7
U Bragg A0, HHEB 2 NMEZMAG A = 2D =
2D (sinf, - sind,_ ), BRI Dias F1 Darsp -
& 5 fif 7~ & GaSb/AlISb il InAs/GaSb iX #
2% R AR AR S5 R i) XRD k. I 5 AT LA
F|, BT AISb fi ks B K, GaSb/ALSD i it
R PRGN T GaSb #FIEE AT, FBURHA K
R AE ;s InAs g & £ /N, InAs/GaSb # Al HE 1
TR T EVER T GaSb #HEAH, RN
7. f 4G RHEED AHEBE BT 1 ik 26 s, Jf
T GaSb/ALSb % Ji ] & i GaSb A1 AISb
JZIE53 524 6 nm Fl 4 nm, 1] InAs/GaSb %5 B8
& InAs 1 GaSb [ZE54 8 nm A1 15 nm.
SR, XRD Ml S5 3R45 19 GaSb Fil AISb 2]
351N 5.448 nm 1 3.921 nm, LA K InAs il GaSb
JZIE43 310 8.998 nm A1 13.77 nm. A LA F45 41
BHZ 19 )5 B 8 f RHEED #1 XRD U 3845 19 (8
FELERR R 2200, SR T3k 10%. 3X 22 510 3
FZJE T RHEED W & # v, #f AR e 1k
ANy, TR T A A — R 3 A,
FAEART AR B I ) A R 22 Bl K. T
XF XRD 0] 1) J J) SO0 A A i, oD ICTE M LA
Ko B HORWTIERE , R A KR A HE A IR D
B, NFEE BB, XRD ] H 45 SRS if v

I, WA RO . AT DGR ERR, 7E XRD BHLE
TR, 25245 A ST AR R I i e A
AT JZ RN AT 520 X g A KT
HAETE SN EE L ARAT . R4 B S R w2 AR R
PN, 280D TE, SR T (T 700 C)
A GaAs/AlAs ik, )2 Z B e S AR
FY 8, HIIE AL AlGaAs 35 2. a5 % H A
IR AR G iR A A i FZ R 218 1Y, X
575 0 T LA S AP A OBk . IR A KR
GaAs/AlAs i ik 1T LA 1R AT 2828 M R
b, BT HRAME TS 2 T RRE
FA K HRAGSHE. 1K RHEED & A1 XRD &
SO PR A KA HE A RIS . X GaSh/
AISb #8 A% 5, H 5 GaAs/AlAs # i 251,
MXFF InAs/GaSb H&hds, T As Al Sb [FEFH
PUAE S Ak 2 B0 B RS He S g, R G A T 2 454
DO =R S P = 3 i s - N/ N [ 1 T D
T AT AE e SN 5, AR SCR T PR R . B
e FBAEAE KR 420 °C Zo A3 dEAT BB s AR K
(X — R B AR T 5 R R P 5 i ). ok, 4
KT InAs/GaSb i 54 192 LIFEAR XRD #1454
b AR R ZE R . R HERR R LA AR AL ) 5
mi, fH R MR AR K GaAs/AlAs 8 A A HERE i B
2208 M HAarWigg 3] pg RHEED Ml XRD G #E%
S FEB K A THRICER: .

—— GaSb/AlISb  Gasb

Intensity/counts

E 1 L 1 1 1
—10000 —5000 0 5000 10000

w-260/arcsec

Kl 5  GaSb/AISb Ml InAs/GaSb 40 J& 1] 55 J& 391 48 5 4% 4%
B XRD #4551

Fig. 5. Typical results obtained from XRD measurement of
40-short period SPLs structures of GaSb/AlSb and InAs/
GaSb.
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M SE R InAs/AISh 48 5% 54 K fh A% DR AC. 2%
1M, FESEBRArF AR AMEA K ) AME JZ 4 4 K s
b — B R TR SR L X I T R
XA R AR T B AT VBT R, Feil
AsTiE, TP HEARE &M, P Hbe
BHPSARHR A1 As BRI, M a 0 As 55k AE
SRt PR TR 2 AR IR S SAMEZ AR, i
AR A A L T i X R X Sb fE
PidA R KOG B g 14190,
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K —2 1 um JEH) GaSb J2 20, x—idfEdr, B
THK GaAs Znp /248, A K AISb AR 2 1R 2
GaSb 20, 24 As U5 B9 EF 1R AR T #R AL F ¢ A
R, USRI RETHBRGR As FEA SN, 2
J& , TERRAAREE 4 As TR AL T AR A I 45
T, VT 240 As IREFIRTT G, 7EAS R A& i 7
BRARSEK 2 1 pm B4 X GaSb.

6 f& 3 ASRAAE A EAE KA XRD
k. nTLAE S, s A E hZFRE LT, ik
U REEE B GaAs ENTHIELL K GaSb it iU,
OB MR FE GaAs B FAMEA K GaSb #8615
() XRD HhZE. 44T IFTIFIG, GaSb fFSéA i
BT B0 A S, I LG PR (o7 i BT 1Ao7 R
1] e F i ST GaAs wIRHY T R 8), RSG5
T B TR AR AR B U IN T GaSb IANEREHE.
EHIIFT T BB, FHIATT S BT GaAs
PP 06 . 1 o7 B 11 /N B4 ) 24 As TR
HLR SR As . EFIOTEESR, As e
FEK, As ARS8 P TBH Y A9 k. R,
B JINAT S5 066 1 B0 R A7 ‘8 B T I T Ao 1 AR AR i)
PG R A KT FE TR As HEAF] GaSh 25
FHIE M. =IC GaSbAs S&HKHE.

AlISb Fil GaSb BA M1k 2=k, AR Y
As TEAMLHIMIE T AISh MR 8 THFSE As B
i E AN InAs/AISb # Sk A K A2 R, i — 2
I AR As IREVE RO E PRI CAER T

PASXT EE AT 40 AT InAs/A1Sh J& &R A A
. O —ANRR L, FERES R AR A A K AR,
2 As IR BT IRE DR TIT, SGE i PR IF 50k
P BRI As SR 73 A — R, BR T A
S — D RE AR AT R R PRI 5/ A, TRl 72 AISb
JE B AR R P OGP 2% As TRAT IR, 7E InAs 2E
KA 5 s FTIF

Intensity/arb. units

—10000 —9000 0 1000
w-20/arcsec
B 6 0,388 nm =AAEEF A E A K EE S ) XRD #i 4
Fig. 6. XRD curves of samples grown at three different
needle valve positions of 0, 3 and 8 nm, respectively.

K 7 Fifs ok AISb Fil GaSb ke S A KR 43
R XRD firihihie. IE 7 o LI B ik 10 By
14 T0 0, 3R B 8 I SR 45 4 o f . AR SO 3
2, MR As IRETRFT AR A S A EE, 2407 As
VR 1R G P AR R Y TR 8 A iz, Bk
BRI R B A T AR 22 . SRR T AR
20 BEFN InAs A= K ATEFRFTIF B9 B A 6. i+
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B BT A R W SIS, FEHE TR Y InAs/ALSH
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B P ) A AR R T R T
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RS EEA AL e AR AR . Rl 2 T BRI T A
BB G TR AR AT I 5 PATARE it ) 48 285 A
I Te) 726 1 i B 2, 2 B 3 — A ot v R A 1) 2 i
B BN, X B MR Z GaSh A K it i gE F)
MBS AR 2, o ml US40 05 IR Tk As A
Rz . R As TE A A% Y AIS JZH, F3
JE R AISbAs. P, %44 SC A K InAs/ALSb #
ks, TR As AR, FSPRESFIN A InAs/
AISbAs # fhi#% . AISbAs # Bl A% H KUBE As 415
ST ), DRI SO AR 1 2 AR RO,
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M-S BK AR, R ZE B B GaSbad i I 1]
A ). TS K AR RS PEAC InAs/AISb i
#EF, R T HHE GaSb 41 Mg VCAL, B 50504
JE As BUR- T30 A BOZ 1A S B X .

As Shutter Valve
—— Close Open
Close Close

GaSb

+2 +3

Intensity/counts

—20000 —10000 0 10000 20000

w-260/arcsec

7 AISb Al GaSb H: i A K5 Y R 23 BE 3 XRD A7 51 i £
Fig. 7. High resolution XRD diffraction curves of AlSb and
GaSb samples after growth.

7E InAs/ALSb H A% 1 B0 8L A K rpr ) AN 22
% [E 2 IR Pl AR As AR, B
L IR G728 4 S ) ). LR (1 Ak )
(W InAs) FEEIEY (41 GaSb, AlSb & GaAlSb %)
MEZZ M ARFAELRE N VIETTE, X As
Sb [R1 B BUAE B AT AL Ak 25 B0 Z A B8
PSRy, 3% EESEN N Sh B 4@, 9FH As
F1 Sb ZEM g AR Rl R 19, As il Sb
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J& M. 78 AISb FIERR— 2R In (53 F )2
W), RGP IRAEK T —)Z InAs. TR LG, B
A S G I X — i FE A K Y InAs/AIS M
KRR T3 i N i v i B B 2 InSh A
AT 3% S ANE AT DA 2 S AR S5 P Y F 2
R i LA ] LR A A A -2 iy
M HER, SE I A% S A IS Z TR DR TC. Ry T T
7N Sb U SOAK F AN s H BR AL B2, 18
PREEHAAE K ARSI BRI AMET, i
4k Sb i SOAK B [H]7E GaSb #1 % LAERK T
— 251 40 JE I InAs/AISb %5 5 U8 s . 48 i
b AR R, 2400 As PRI E I — EAL FFT IR
A, AR — 7 . BE AR, 1 B
M) As N 2.16x 10 mbar.

& 8 /sl Sb i SOAK B 8] A8 £k % i i
& T-257 Al B RE ). A R I SR R A K
DB AR AT v 70 % XRD AT h £k, Hodr il 3245
Sk [l GaSb WK, 47 T30 IR GG N ik &
B DA, ATLUE R, i SOAK B IR, ZF/y
AR GaSb #F JIRIEREIT, 8 Sl s -1 i 4L
R, H2E GaSh RIS s H AL X Fh IS &
E SRy R N LY R AN 6 | S DN LY o S SN
2% InSb FLf )2 5 sy, Sb iR SOAK i a] %
A1) A B M ZE NI TF LRI R R B . 2
Jo, B I RE R S AR 55, BRI A AR
TESZE T, 3 s i SOAK I [H] £ 28 J LA HE Sk 1Y
S E47 db A B R B LT AT LAFD GaSb 1 IC Ak
VEFC AR AS . AkL K SOAK At [a] X} 8 f 45 715
rmA B A K.

0.6095

As: Shutter closed & valve open

Sb soak]

* ]
.
0.6090 | Qo

0.6085

Qave/DM
Intensity/arb. units

0.6080

o —1000 0 1000
Ppy=2.16 X106 mbar  w-20/arcsec

0.6075

0 3 6 9 12
Sb soak time/s

Pl 8  Sb AU SOAK I [R] 48 £k X i iy % T 45 it 4% & HiU Y
Al

Fig. 8. Effect of time variation of Sb beam SOAK on the
average lattice constant of SPLs.
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T BRI, T InAs/GaSb #8 5 1 5
B FEH TR LI 28 AR g T
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[P, TR FE 2 . AR TR, (HJEA
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1000 nm 1 GaSb Zéi)z%, 40 JAIR AlSb (2.4 nm)/
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Ho i EATHIER F GaSb #HE, IRGIE A Sk
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SEH RS R ARET SOAK HHEI R, FERFFERY
TR Y, M A T A BB R LT As T
X A E A P ) As R VR AL S - 38 A
RS . AR, FERIEN As KR,
A A% AT LLSEE SIS GaSb B S DLRL, AR5
b As B 1.71x10 6 mbar BYfEHL.

0.612

Sb: 3" soak

0.610

2.16x10-6
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ve/TmM
Intensity/arb. units
e T e T T g e T
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0.606 As: Shutter —1000 0

closed & Valve open
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Fig. 9. Effect of As beam variation on the average lattice
constant of SPLs.

InAs/AlSb SPL
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w—20/arcsec

10 SEREER MR XRD £k, P4 [0 40 J5 38 InAS/
AlSh 45478 B K K TEM

Fig. 10. The complete HRXRD curve of the sample, the in-
set is a schematic diagram of 40x InAs/AlSb SPLs with
TEM.
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Abstract

The InAs/GaSb superlattices (SPLs) is an important component of quantum cascade laser (QCL) and
interband cascade laser (ICL). In particular, the upper and lower SPL waveguide layers of the ICL are
alternately grown from a large number of ultra-film epitaxial layers (nm) by molecular beam epitaxy(MBE).
Subtle lattice mismatch may directly lead to the deterioration of material crystal quality, and the change of
thicknessand the composition of each layer will strongly affect the structural performance of device material.
The optimal growth temperature of InAs/GaSb SPLs is about 420 °C. By growing GaSb/AlSb and InAs/GaSbh
SPL both with 40 short periods under the substrate rotating, the thickness of GaSb layer and AISb layer are
5.448 nm and 3.921 nm, and the thickness of InAs layer and GaSb layer are 8.998 nm and 13.77 nm,
respectively. The error is within about 10%, and the optimal growth conditions of InAs/AlSb SPLs are
obtained. A lattice matched 40-period InAs/AlSb superlattice waveguide layer is grown on GaSb substrate. The
influence of drifting As injection on the average lattice constant of InAs/AlSb superlattice is fully considered.
Under the condition of fixed SOAK time of 3 s, the As pressure is changed to 1.7 x 10°% mbar to adjust the
average lattice constants of the superlattices and achieve their matching with the GaSb substrate lattice. The
experimental results show that the 0 order satellite peak of the SPL coincides with the peak of the GaSb
substrate, and has a perfect lattice matching, and that the sharp second order satellite peak and the periodic
structure good repeatability also indicate that the superlattice material has the excellent structural quality of
the SPLs structure.

Keywords: molecular beam epitaxy(MBE), lattice matched, superlattice, attice mismatch
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