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Abstract: The crystal quality of InAlISb/InSb film materials may directly affect the performance of

the eventual detection devices. To improve the crystal quality of film materials not only can reduce the

dark current of detection devices, but also can improve the detectivity and uniformity of them. The

preliminary result of a Molecular Beam Epitaxy (MBE) method for aluminum-doped InSb materials is

reported. The crystal quality of the InAlSb film grown by MBE is analyzed by using a variety of test

and analysis methods. The factors which have influence on the crystal quality are found out and the

technical level of the MBE of InAlSb film materials is improved. The experimental result shows that

through optimization of the growth conditions such as growth temperature, beam ratio, cooling rate and

annealing process, high quality MBE InAlISb film materials can be obtained.

Key words: InAlSb; molecular beam epitaxy; surface morphology; strain relaxation

05l =
FENFEHEFTR, F—ALIMRI %2 #
Te P R AR R AR 0 77 1) & . B — AR SR
ARF I 2 B ORI ERI/IME TT) |« SE Rt 38
HEEEAR B, KB . & TIERE., &=
WA, Eh M 26 R A, e
Weks B #H: 2014-09-22

JEH = RLLIMEN A K R — N E S
InSb A #HR -V &AL &8 b 9 A & /N
B, /DGR A BUR R, ok i IR RS
BEMERRER AR SR, et
AE PR ZLAMR I B 1 R AC M BHMA R Z —. InSb
H InAISb ZEAMR I 47 2 5 TR & InSb ZLAMAE

EEEAY: x5 (1985) &, THEEEA, ML, TEF, KFLMRMEM B BT URSFRAE L ZA %K.

E-mail: kaka_851001@163.com

http://journal.sitp.ac.cn/hw

INFRARED (MONTHLY)/VoOL.35, No.11, Nov 2014



16 AN

Ap 2014 42 11 A

AN & SR A SR ) —Fogr BLZL AN 4%, B T RE Al
ZHr N0 B 3% By BGm, HowE I 5 2 T Rl 2
/N 50 4%, BE R KA m i #4519 TARREE ., i,
InAlSb ZL /M4 I #5% A2 v 1R AR Z0 /b 25 (1 £
whHEZ— B,

AL FEREB B D FARIMER AR
IR LS R, R H 2 Rl J7 ¥ 4 In-
AISb R S AR BT R BEAT 200, R TR A
R AR, &5 7 WmAISb 7 F M E R 47
ARIKF.

1 Lk

& 45 A DCA P600 A 73 F WM E (Molecular
Beam Epitaxy, MBE) R4, i F BT B ] 19 B2
2 in [ InSb(100) &4 F /E A InAlSb/InSb T8 & 4k
P, FHR R A TC 8RR 7 U 2, @ In
Sn . PbAg R I 4 15 BE 5w i IR 8
BRI RAR, bR, FHR I Hvs iy 2
ik b S il B 50 °C e

InAlISh/InSb 43 H A E B A= K B AR 1 B
A BT ZEXT InSb & i #E47 5 B A AL A
FMOE. ZEEvEZ)E, MAMEER CP4 MO
Xt InSb 4 JCHEAT AL FE P, DIFERTETE B — 2 &
PRI AR5 TR A A OB AT IR T,
BT RE %2 A MBE R4, R dERE A
ZmEREZERTG, FHEREERE, &F
Xt InSb #f R HEATTHER, 2R 325 °C J5IF
Sb ¥, MR THE E 500 °C LEBREAZ,
WA 7E 15 min A b REREREAEREE, #
17 InSb S R IR A, )5 AMEAE K TnAISD
WM, A A 3 A o S S T RE L AT A AY (Re-
flection High-Energy Electron Diffraction, RHEED)
R Pl AR i BE 7 B 1A, AR R 0.5 ML /s(Ji
T2/, BPrEKEERM RHEED B,

Segurh, A 4 AR ZFEARFR IAISb
PR, AMEREAYJEEEHAE | um 24, RS
FIFEREL,

InAlSb 73 - A H1IE 5 1Y o 40 52 42 R A A 4&
MBE 20 keV RHEED |, 543 ¥ X G087 5% (X-
ray Diffraction, XRD) 43 #rilli, XRD FJfH Cu

INFRARED (MONTHLY)/VoOL.35, No.11, Nov 2014

Ko FREELMIL, A A 2 B Ge(220) fi ik
By R B 6T UM S E Fr 2 T A4 R RE
BTN R BME . AR T2
%% (Scanning Electron Microscope, SEM) 1 5 14
(Energy Disperse Spectroscopy, EDS) Xt 4 4iE i (1)

2 TH B J A1 B S5 AT B 5K
A1 &EHmeyRBAMF
%% V/AIL AEKEE (CC) Bk (°C)
A 6 430 b
B 7 430 480
C 7 420 480
D 7 450 480

2 HRRERHN
2.1 AlEHITE

BT M AL 44 (3% Z245) HeEDN, kA
RO E M. X SO T REE Y
(X-ray photo-electron spectrometer, XPS) S¢fR MEXE
B R, B, SRA &P X ST HE
IR AT S AN IE J2 B S R, SRR TR
H ALy,

Seme R, SR AR B X S EAT SR Tn-
AISb SMEE X PRI 2L, i 1 TR, R)5
A AT S J7 FRAE B 5L TnAISD 1 InSb (14 1
i A% R

Xi
N

K, o Kb T8, RIS 004 1153 & 4%
W (6 BR AT S AT A SE A R T BT SR TE T Y
miEEE) , AR ERO, 184, AR Culll
Ko BFFIEE & 1.54056 A |

SCHERHRIE (DL 2)AISb 7E 300K Hif [ & 4% 5
Bk 6.1355 A, B F Al 04> H A8 /NG B AS
fk, DRBE ] DA Al ZH5> A8 Ak s 3T UL e 28
I ARYER (Vegard) i, dEXC R RIXAH

sinf = A (1)

ry paigsy — T X 0ug, +(1—x) % Arpsy (2)
AVHD BT RLAR IR 3 .

http://journal.sitp.ac.cn/hw



E3IHE, F1LH a b 17
'::m_ Tl rarme 1] gm. ﬁms‘”” lw
% E I| I. L Eulile)

s o £ 0o - (
TnAISb 004 e I| ||
20000 - |I |
00 - [ ]
15000 o [ |I
|
0 | |
10000 - I| I|
0m o Insh 115
\
76266 () / |
Eilg InSb 004 10 / ."I |
k 0 - ‘I.“" / —
e TR TR TR TR TR T T mas %0 %% ) i o] o~ :E:Ep- o
(a) (b)
& 1 InSb/InAlSb 44 FE fy 0 i #2428 1l 28
o HHAK
GaAs GaSb AlSb InAs InSb
300K (A) 5.6533 6.0959 6.1355 6.0583 6.4794
k(1072 A/K) 3.88 472 2.6 2.74 3.48
&3 AlwypeyitH 2R
Gis  ARRINIH A ARRABER SMNERMATSTA ERREEESE A4y
A 56.7038 6.4881 56.9068 6.4670 6.2024%
B 56.8145 6.4765 56.8975 6.4679 2.5329%
C 56.7869 6.4794 56.8902 6.4686 3.1520%
D 56.7860 6.4795 56.8373 6.4742 1.5684%

2.2 MEWRHR

TR R RECHYAE T, SR BAME InAISH 7E
FHE LAERAE 1 MLJETR) I RI2 % 42 W AR
Wiz, BEEAEAIZEE R RGN, VR T e
W%, WASRR SRR, A% REC A R A
BB E KR,

InAISh 5 342 b 3 1) K/ A DL i 55
T EAE AT T S T 7 A 3 LT AT 1] Y
R BOR S . R X 5 AT S H AR 23 30 i Ah
SIE JZ A (400) A1 (511) J7 16 (4 ot T ] B 1)
RIAT - S5 M X A O 1) 6 R A R, AR T
FURY R 3, 5e 4z I8 A5 Y i i BT DA i T U
.

—(ar(v—1) = 2vay
1+v

Ar =

(3)

http://journal.sitp.ac.cn/hw

o, SR b =035 | Tt S B AT S
InAISh FEBEHY MAS TR ) .

% Relaxd = I = Gsub

Ap — Qsyb

(4)

M E s St A R %R 4,

iR MF 2 UEY, MBHKNGAE
KIREABVINLR. DAERKEBRET S, BAE
B B A8 /0N, X R SRy AR R iR AR K I L TH 3K THT R
K, e b KGR, JMBIEERM
BEf D FrR) , TRAERIRE TH C iM%k
99.2437% , JEEE R 1 um BFEPESE S22 % . It
Hh, WARER R 5 A R BV R, Al 457
RS A AR S R BH BN FRES: BRI C,
XSE T HE Al Z A m, KRECRERG N T,
564 A AR K O ME BE s T

INFRARED (MONTHLY)/VoOL.35, No.11, Nov 2014



18 a A 2014 4 11 A

A4 BSEB ALY REITE

RS 400 RSt M 511 RS aL 3 ar i
A 56.9068 76.4580 6.4669 6.4829 6.4752 89.9727%
B 56.8975 76.4506 6.4679 6.4780 6.4731 93.4461%
C 56.8902 76.4496 6.4686 6.4693 6.4690 99.2437%
D 56.8373 76.3676 6.4742 6.4798 6.4771 85.5715%

2.3 REMHEEEHEEE

SE I FE O BB E BRI 2 FrR.
E AT LA, AR C R RE A B
(1938 LMK LIS, H.38 UM A% S W FA> J7 1) 3¢
W, WEEITENR; B M D R AR M
£, {HJE B R BHRE, A7 —2ig BOREE,
D R AEHFRE, B AT D FE L 04 2 T Bl % R
HBDF AMC, @I Lm &g, Gt
W 285 B R A TR B8 N 0 R R o 4 BE A R 1
nl'] %@Tﬁ%% Sb 7 2R TH (19 1L 8 R H /N T 2

T8 244 T e A A IR B W] LA R B

Bl 2 Semde i a0t e &

T EE ARG B RS, R
EOG T OB fh R T AT RIE. BY6 T
15 & BRUKER contourGT , J&UR AM&EyE, M
AN 126 pmx95 pm . R #Y =24 B[R A
B BEECUE DLl 3 FNK 4, Ra R VPRI, Rg
R TTHARERE, Az HER AP IR A1 22
fH.

MNE ST AL =4 B R 7T LB .
ARG C BE S B R T A TE B W A £, (H

INFRARED (MONTHLY)/VoOL.35, No.11, Nov 2014

Hort—AJ7 1) LR R B, 18] BE A B i
MR, MR 5 MR BEEB T IE S, D
PEA AR EHRE BE B/, BIRZ, A MERMEH
BB, MER 2 iy AL A BHEMSE 1 F
M AR SRR, R S R B S R K
R IR JCERKRASCHR, BAR KM, A
(A% 2 e Bl . i TR AT L — @ R B
BRI J7, DA s 2 W) LA s A AR B ok TR
HER . NS R AE v LR BE, BEE Al A0
Bm, MR8 (b O XEOUH M) |
XS T AL 0SB A R IR 0 T,
i SMSE RS A Y. S 3 1, TR 7 R B
A BORURE B ol A AR IR BE L I LR S
BT, AT RABOR TR B 42 0 df M S, i
TGS HE T DL B, R il O DX 38 R A JBE
T 5 X8, X ATRE-5 HE it oo O 1 J7 U
K. MG EEMECERM, THERERET O
74 A T AR TC. AT A 2 DA T R iR o R
JHEAR 0 i AR

(c) (d)
B3 #Ef Ay FE T X 3D

http://journal.sitp.ac.cn/hw



35k, F1L M 4

A 19

K5 QAT HMBY S MDA

WES f2%  Ra(nm) Rq(nm) AZ(nm)
% 0.841 1.057 9.533

A il 0.651 0.814 6.743
B H%  1.083 1.351 10.981
Rl 1.349 1.68 13.42
G Hm% 1.235 1.559 14.571
FlE 1113 1.396 13.152
b #H% 0921 1.119 9.268
R 0.435 0.548 4.884
3 &

LA Vegard s H {8, @l il i InAISH 7
TARSIMEFR R S AR H R TR T AL4A
gy, fRUE TR AL ZH M DL RAE A9 M AR, 0 ok
1 (400) H1 (511) J7 1) Y 8 4 B0, X HE A2 Bt
BT, 45RRM, BB RN G ERIRE
ZIEFE—ER SRR, BERBET &N, MAE
Wi &AL/, SR BB B O T3 AT A
WL ZI) & o FF i R AFFESC X MIAR 28, Ho™ Ak
5 ALY R/ L SR KE YIRS, iR K
AU —@ERE BRI, rRR, @
WAL AR EE . R B, TR IR AR LA KGR K

TEFAEREMN, ARSI MAISb /)
T HRSMEEE,

SE 3

[1] Nesher O, Klipstein P C. High Performance IR
Detectors at SCD Present and Future[J].Opto-
Electronics Review,2006,14(1), 61-70.

[2] Ashley T. Higher Operating Temperature, High
Performance Infrared Focal Plane Arrays[J].
SPIE,2004,5359:89-100.

[3] Klin O. Molecular Beam Epitaxy Grown Ini_,.-
Al;Sb/InSb Structures for Infrared Detectors [J].J.
Vac. Sci. Technol. B,2006,24(3):1607-1615.

[4] JESLER, X5, JLig, . 3 Jif CdTe/Si G A IRSM
TR AP [J]. BS54, 2011, 41(5):537-541.

5] X6, FNE, HEE, %. InSh SIS THNEH
RBFGE ). I S5EI9b, 2013, 43(11):1256-1259.

[6] REf. GaAs Zk InSb W AREAY 4> R INEAE K M H 25
M 5 YERE D). M /R B Tl K247 193¢, 2006:36-
38.

[7] Maigne P. Relaxation in Tensile-strained InAlSb-
/InSbHeterostructures[J].J.Appl. Phys.,1995,77(4):1466—
1470.

[8] Maigne P. Strain Relaxation in InAlSb Epilayers
Grown on InSb Substrates[J].Appl. Phys.Lett., 1994,
65(12):1543-1545.

(EE% 9 W)
NRABHNAYE RS, £ 654 7 OLI 5 ETM+
fPEREXT LB BL. A4k, TIRS HA 2 MRk
B (10.3 ~ 11.3 um A1 11.5 ~ 12.5 um) @ 1% e
71, ¥4 T OLI R 2. TIRS R A & FBFLL/ME
ST AR A%, O R PR v PR e J
F 43K HIE¥ M RAFTHAEAHRS,
HUTE 43 FEZ K 100 m, X IE Ky 185 km
3 % RE

oF U S £1 A 3 BB R (1 35 2 R S
W, e AR, LHERERTE
T J2 G 0 b BRI B R 75 5K A9 [R] B A5 21 1
RKE ., W& LLIME T H AR 09 AN W7 i, 20
SRR R SR R §UE . SR PR, ot

http://journal.sitp.ac.cn/hw

T3 AR I 8] W B S BER 45 AR _LARE E— 2
PR O AR N 4R 8 v BB A S i SR A
i, FERLLAME B KA KRB R, I
ok, HEE MR IRAAR BTG I, £ E R
HER USR5, FFOTZA A LI T2, (5
2L A1 8RB AR & B A 5 I R i B TSR

S

(1] Fiisfe. RO T — A% IR S AL U A
[J]. £24b, 2013, 34(11): 1-7.

[2] ESA. Satellite Missions Database [EB/OLJ. http-
s:/ /directory.eoportal.org/web/eoportal /satellite m-
issions, 2014.

[3] World Meteorological Organization. List of All In-
struments [EB/OL]. http://www.wmosat.info/osc-

ar/instruments, 2014.

INFRARED (MONTHLY)/VoOL.35, No.11, Nov 2014



