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Effect of lattice mismatch on the temperature dependence of Raman
scattering in GaAsSb / InP heterostructures

CHU Yuan-Yuan', LIU Ying-Mei', LI Sheng-Juan', XU Zhi-Cheng’,
CHEN Jian-Xin’, WANG Xing—]unz*
(1. School of Materials Science and Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China;
2. State Key Laboratory of Infrared Physics , Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China;
3. Key Laboratory of Infrared Imaging Materials and Devices, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China)

Abstract: The phonon anharmonic effect caused by Sb in GaAsSb/InP heterojunction with different Sb components has
been studied by measuring Raman spectra at 3~300 K. It is found that with the decrease of temperature, the peak posi-
tion of long optical phonon moves to the high wave number, and the change tends to be gentle when the temperature is
lower than 100K. The relationship between the optical phonon and temperature is simulated by using the three-phonon
model and the four-phonon model, respectively. Compared with the experimental results, the four-phonon model agrees
better with the experimental data, which indicates that the change of the temperature dependent Raman scattering peak
position must consider the four-phonon anharmonic vibration. Compared with the lattice mismatched samples S1 (Sb=
37.9%) and S3 (Sb=56.2%) , the phonon anharmonic obtained in the lattice matched sample S2 (Sb=47.7%) is the
smallest, and the phonon lifetime in S2 is the longest by the study of phonon linearly. The phonon anharmonic effect
and phonon lifetime of GaAsSb crystal lattice vibration are not only affected by the disordered scattering of the alloy,
but also by the line defects and phonon scattering of the defects introduced by the mismatch with the substrate.
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Fig. 1 (a) BF-TEM of cross section of GaAs, Sb/InP (x=
56.2%) heterojunction, (b) the corresponding selected area
electron diffraction (SAED)

R T FRAE S AR S A ROUIE B, i
B B ok MR AR KA. anE 1 (a) TR, R
GaAs,_Sb /InP(x=56. 2% ) 53 Jit 45 1) ok S 19 235 #4 A 1
(110) (14325 5 H1L 55 IR 4%, T LAY B 7 3 8 e JiS
InP B K H 5 B B GaAsSh SME 2, JEJE 2 500
nm, 7E S AT DB EG . 45 A 20 R St
S5 7 2 BT (SEMD) J iy 2 R RE 13 43 ) S
S1(Sh=37.9%)~495 nm ,S2(Sh=47. 7% ) ~477 nm Fll
S3(Sh=56.2%) ~503 nm, 5 TEM B 37 1% 45 S 40 W)
Gro BT (h) Ay AT X 07 9 326 DX R -7 S G BE , 1T LA
B R SR — A LR N B 254, OF B S R IR R

BB/ o BT LA, i Bk — 2B A OG5 T Bt
GaAsSh &5 M BHI (20 BRFA T TR ST

Normalized Intensity/a.u.

37.9%

1 1 Il
0.76 0.80 0.84
Energy/eV
()

=fl=FWHM
I =®=Intensity®
21.0

| =
20.5 4

20.0 + 13

FWHM/meV

19.5 -

Normalized Intensity/a.u.

19.0 |

] 11

3I6 4‘2 4I8 5‘4 60
Sb compenent/(%)

(b)
K2 (a) = HFEA S1(Sb=37.9%) .S2(Sb=47.7%) FI S3
(Sb=56.2%)7E 13 K T, JI% K 2 mw HI5EE 0L, (b)
PL O35 A2 5 B FI5R B2 A4 ZH 0 HORS OG 2 i 31
Fig. 2
ples S1(Sb=37.9%), S2(Sb=47.7%) and S3 (Sb=56.2%) at
13 K with a power of 2 mW, (b) the compositional depen-

(a) The photoluminescence spectra of the three sam-

dence trend diagram of PL spectra 's half-peak width and inten-

sity

JEBUL N (PL) SGIEAE S —Fh Tt 3 07 v
AT DAPPAS FNFAE AL 0 S BT, St DL R S kR
fiE o FEAGHR (T=13K) MR D% (P=2 mW) T~ , Il i
1 B AR Sh4H 73 Y GaAs, Sh, AME 2 Y HiLRI PLOYG
W E 2 () R, R B SGIER 7E~0. 8 eV T 4L
AP BE BT, I ELBE & 410 38 K, H & 04 03 14
LS, 3K A SCHR R E A — O T E 2 (b)) JER T
KGR Te 5 B BE Sb 21 40 A 46, o] LUE 2R
S2(Sh=47. 7% ) 1 % S5 J& AR di A& 2 B 1) S1(Sh=
37.9%) Fl S3(Sh=56.2% )3 | 25 1A%, K216 58
BN, WA ~18.7 meV, X I IRATA: K 19 85



794 EANP/ RS IR 3 S 3 o 40 %

I GaAsSh AN, T HF AT Al SR BE S T AR (Z0)
B B 2 50 B2 MR G A Ol sim B MR B o 3l X
SRR, HADTFEIELT /21 - x)™ K
e R % B G U XA SR, S2 B dh i R A
HRORAYERTE o 1 HLH T S2 A il J2 A R A 46 DT JT
FRREE A , Rl AR SO 52 AR AR B MR A/ o TR T
ST S3HE f , S RIS IR A% R HE AR L 255 i
ARG AR (20 Bl B 38 22 5 S40% 1 BT 00 i A 5
< JC P JEE S RO, AT 26 JICH: K DI 4 9 e S DL 2L
He G5 B TR . DRIt B R R AN L
40 B ) 52 ) i 2 R R A I 5 A A R
HUR R

; wﬂ%

4

.%%M‘“

2&0 2I80 2“)0 2%0 2.70 2I80 2‘;0 2%0 2I70 2I80 2‘;0
Raman shift/cm™
3 KIA| SbZH 43 #Y GaAs, Sb /InP 5 5 45 ¢ 5 R 2 28K Y
T L MR R L 2 06 1 (a) B ST(Sb=37.9%) , (b) Kl S2
(Sb=47.7%) , (c) Ff fil S3(Sb=56. 2% ) (i £& Hij Sk Ay W iz 2
B L)
Fig. 3 Temperature-dependent Raman spectra of GaAs, Sb_/

:

-

%

InP heterojunction samples with different Sb components at
low power (a) Sample S1(Sb=37.9%), (b) sample S2(Sb=
47.7%) , (c) sample S3 (Sb=56.2%) (dashed arrow is the

trend of peak displacement)

E1 %t AR [A] Sh #8244 1 GaAs, Sh A E 2 BE 5, Xt
FES T T 747 3~300 K 9728 TR 7 2 G 18 il il it
MNIEL3 AT U Y Bl A I A T, 2 A7 1] i
BB ol , 2 i AT — e R B 1Y R 58, 9 HLASTR] Sb
B, TR MR AR —E N 2ZES
BATE - O B A G572 T Bt IR ) A A 1 AR
ko Balkanski %5 A" 4% 2 5 ) 185 14 of fif gk
PR, 3% T 30— A2 75 F WO A L = Ak
T 75 275, AT A = RRTDE R AR I M
MR AT AT, B R T LO AL Al W7 v o I B
BRI 2 A LA R,

o(T)=w,+ A(T) , (1)

1+ 3 + 3
e =1 (- 1)2
, (2)
Hdx = how, 2k, THl y = ho/3k,T, 0,75 HT1E0 K
I A P AR, B A B B R ey IR 25 B
B AT B IR AR AR 8, A 5 = 7
AR ARG, B 5 U ARG, 2 (2) FR A U A A
R, = 5005 - R A EAE RS T
HWiREIC A . Prabhat Verma'™ ' #1 C. Ramkumar' "’
SE NN NI TEFRIR B 15 00T, i AR I
VUV 52 0 ] DL 22 AT, = 1A AR RS
m b E RSy 2(2) T E B T DL Z

2
x 1} 3

K3 PR = PR, = 5 AR RN Y 7 - A
{14) DX ) 2 75 K DU 7 - X A TR I 1) 5 ) 2% A
W o ZRTEPE I T 10 3 A8 b AR 1) A= i A = )
Tt e R 5 R S G 40 B T LA S ] 2 0 A LI X
Tl — B 25 5 T AR i i 62 T A ]
DU B 56 ok
1
el (4)
Horpre e, T o4 s B 45 2 1) — B LO 75 745
) 2k 56, ml AR 4 5 (4) >k 3 55K [\ Sb 4 43 1
GaAs,_Sh/InP St JRZS 64 T 5. AT 7bT
P B AR, R = G s 455 A 43 1)
B ST, S2 1S3 1) L2 AR 1) 7 2 W R A 43 A, 4
Fl 4R . il B T < 100 K B, 472 05 R I 55 19
TR AR G 2R, B TR T A B AR X B X P
FEAEM . AN EEIR = RS 25
WA 25, EEIT KN T GaAs 5 GaSh = FE 1 4y
52k 360 K 1300 K, 32 301 5256 3 i L, X B
B[] B 08 = 5 DU S A AR (3
PSR TR ) o 0] DA B Bt 11 DU s A i 5
SLEEYA, BARIE SEIIEE 1.
1AL K B, B A S2(Sh=47. 7%) I 2 %A
1 B{H 21/ T S1(Sh=37. 9%) F11 S3(Sh=56. 2% ) , %
B LO 7 PRI M . R = o s &k &R
TEARIR T A9 75 AR 00 2R A 4 o By
FIEK . &&ESNBS T ST RN
US| ARG P TR A (R B AR R X RR T
TG S B ) B o i 270 ) 3 A e
B IS 91 % W e B U E |37 g i o VA = 2

|+

A(T) = A{l +

T =



61 fifloe 2 45 - iR R BC XS GaAsSh/InP 5T 45 Ff 5 < 11 S I A BEARURE P B 2

795

—Three-phonon
277C — Four-phonon
_ 276F
g
2
&=
5 275
g
g
&
274}
2731 b
0 100 200 300
Temperature/K
()
——Three-phonon
275 52 - -Four-phonon
T 274t
g
R3)
&
=
Z 273t
<
g
<
=4
272
271}
0 120 240
Temperature/K
(®)
$3 —— Three-phonon
274k = =Four-phonon
= 273t
Q
&
2
g 272
<
(=4
271t
270 . .
0 100 200 300
Temperature/K

(©)
Fl4  KR[H] SbZH 531 GaAs, Sb FME J2 (14 AR 4L 2 i 37
A5 Ak e (a) BE ST (Sb=37.9%) , (b) Ff i S2 (Sb=
47.7%) , (¢) ¥l S3(Sb=56.2%)
T B = TR 2k, S DU A
Fig. 4 Temperature dependent Raman peak variation trend of
GaAs, Sb, epitaxial layer with different Sb components (a)
Sample S1(Sb=37.9%) , (b) sample S2 (Sb=47.7%) , (c)
sample S3(Sb=56.2%)
Note: Dashed line is three-phonon model fitting curve, solid line is

four-phonon model fitting curve

®1 MEFHEEBGSH

Table 1 Four—phonon model fitting parameters

Sb/ (%) wJem™ Alem™ Blem™
37.9 277.5+2.0 2.13+3. 14 -2.13+1. 13
47.17 276.3+1. 1 0. 08+1. 64 -1.35+0. 59
56.2 272.2+1. 1 4. 82+1. 86 -2.90+0. 68
i S3 H1 ST AR IS BE R T Sh=47. 7% 173 1) S2 #¢
ft, 5 C. Ramkumar 55 N7 =J06& 4 GaAs, P
B A H I E P~0. 5 I AR B B X — 251 AN AHAT

IR H T AT AT 25 TR IS 5 | A A A A% 2K Bl X
FAES M RZI . T RE 5 ST S3 54 IS A 2k
Bt 25 | A BU I A | S8R B 8 22 T RE A S2 5
o R I f A S O AR /DN, A B 4, R L P 32
AR5 | R LR I 0, 5 RS B4 P A iR R AR, PR
B R SEA/ N T

h T B4 M A GaAs, Sb/InP 5 5T 45 1 f 4
SERIB AL R &, I 5 (a) TR , GaAsSh & 4
IR AL 1E T = 80 K N BT 2 61, A ] L)
F L FE A S2(Sh=47. 7%) 1 2 16 5 2 B 1 4% 1 S3
(Sh=56. 2% ) i, 5 2 Y BUE eI LR i e A8 X —
SERIEXTNIM . TEA & Rk R TR
B8 1L B A IR . — 2 a2 T I RE
P B AR I AR SR Y, 55— f S JE P L
GBI . S 7 i T I AR i o B A
s DL E R RE B S T, N 4R A T e &
fir e — R UL, BRI 10 5t P 2 FR A B A 5
(1) 2 75 - 5 A8 S AH B FH 59 09 75 - I D 2 1 .
fifi 1 (4) 2UAh 3 GaAsSh AMNIEJZ 78 1R B T=80 K Al T=
300 K F Y75 1 A4, 151 5(b) frs s T A 54
AR R B AR SC T AR A X R M 5 Sb 443
ZIB SRR 245 o 0 B e A% IR i S2 1Y)
PR R T S3 Y, 5% 1R S S2 AR
INT ST S3 LA 4 R 2 —F . SR, M. Co-
hen %5 NN A GaAs, Sb, ) LO 75 F 1 it 28 56 FIAS
X AR 2 0=0. 5 B I8 B B KAE A 258 A I, %2
EESHRR, AN TP EIEL T /o1 - 2)™ K
J 4 4T x~0. STE L& & T R B R
M)A 4 B o, (H 2 B TR A S2 (Sh=
47.7%) 1) A A IS S BOAR /N B BRI () e o 45
PR3 () BRI B RO R /DN, R T 7 - 5 A
Koo 3 ARG xR G EUR B 45 R — B,
HLA R B (28D BRLBE 5 Sh 443 il 6 R 75 B ik —
AT AR,



206 L1 BN 5 K U IR 40 %

T=80K

Normalized Intensity/a.u.

1 1 1
255 270 285 300
Raman shift/cm!
(a)
2.6

= 80K
=8=300K
24

22

2.0 F

Lifetion/ps

35 40 45 50 55 60
Sb component/(%)
(®)

K5 (a) AIF) Sb4l4r i GaAsSb AME)ZAE T = 80 KA Y4
BAAERE, (b) T = 80K AT = 300 K (194 A A8 LI 4143
R AR

Fig. 5
with different Sb components at 7=80 K, (b) compositional

(a) Raman fitting spectra of GaAsSb epitaxial layer

dependence trend of life change at temperatures 7=80 K and 7=
300 K

*®2 FEHES TH GaAsSh ##HH % & 53t #rik
Table 2 Lifetime and symmetry of GaAsSb materials

in different components

Temperature/K  37.9/(%) 47.7/(%) 56.2/(%)

80 2.31 2.45 1.56

Lifetime/ps
300 1.86 1.96 1.37
r/r, 300 1.26 1.31 1.48

Z A A B R 7 T S A IR X AR
M€ AT, /T (T, KRR AL 58, T, Jy e
REREIINAY) o I XF 300 KT A BCE $2 R, Bifi 5 Sh 41
O3B R AEXS BRSEOEWE R . FRATTIE TR AR
i PE R B 5 T GaAs, Sb/InP 53 T 45 1Y f 4 il

B[] AN X B 1) 23 B 5 S B A R AR — 2
X Fof AN Xt R A R A O BE G R i o Bk — 2B Y

3 it

FI AR IR 72 EE (3~300 K) , X GaAs,_Sh /InP
S 25 AN R Sb 28 53 A d 4 DCE A A & S2(Sh=
47. 7%) F itk < BE B i S1(Sh=37. 9% ) F11 S3(Sh
=56. 2% ) PEAT I BEAR A 75 TR A XS LR ST . A
2 SRR S 719 =5 T RO S AT GaAs-
Sh & 4 7 2 BT ) T BE AR OC R AT 40 B, 45 R
73~ PO P A S 5 R AT & 1 SR 4, SR U 7 -
T AR T R R 2Ok B I B AR A R R
[ B 4 o 1R R BOR R 1P 8 205 GaAsSh i
TG 3 A LM OC 2R, 45 R R W] A A% VL IC A A i S2
(Sh=47. 7% ) Y75 FAR IS B fe/ N, Homs Tt B A5 i
KM GG BRI LI ZE R, K GaAs_S-
b /InP 5 5T 45 14 73 7 R 1B 8508 T LO 7 T 75 i A Y
32 Sh #5371 K 1 G 4 T ¥ B 5200, 38 52 3] fi Ak %
e s LB (2 it B 452 i 6 JFL 75 - B8 38 0 1) 5%
M, 45 L 3R W ZE BRI TS 19 75 1 AR 1B RN R 5
P F A A, D A% G L SO B R AR S E
B

References
[1] Dheeraj D L, Patriarche G, Largeau L, et al. Zinc blende

GaAsSb nanowires grown by molecular beam epitaxy [J].
Nanotechnology. 2008, 19(27) :275605.

[2] Huh J, Kim D C, Munshi A M, et al. Low frequency noise
in single GaAsSb nanowires with self~induced composition-
al gradients[ ] ]. Nanotechnology. 2016, 27(38) :385703.

[3]Mal, Zhang X, Li H, et al. Bandgap—engineered GaAsSh
alloy nanowires for near—infrared photodetection at 1.31um
[J]. Semiconductor Science and Technology. 2015, 30(10) :
6-12.

[4] Ren D, Dheeraj D L, Jin C, et al. New insights into the ori-
gins of Sb-induced effects on self-catalyzed GaAsSb
nanowire arrays [J]. Nano Letters. 2016, 16 (2) : 1201-
1209.

[5] Qiu W Y, Wang X J, Chen P P, et al. Optical spin polar-
ization and Hanle effect in GaAsSh: Temperature depen-
dencel[J]. Applied Physics Letters, 2014, 105(8):082104.

[6] Ahmad E, Karim M R, Hafiz S B, et al. A two—step growth
pathway for high Sb incorporation in GaAsSb nanowires in
the telecommunication wavelength range[ ] ]. Nature. 2017,
7(1):10111

[7] Chou C Y, Torfi A, Wang W I, et al. Improvement of
GaAsSh alloys on InP grown by molecular beam epitaxy
with substrate tilting[J . Journal of Applied Physics. 2013,
114(15) : 17-22.

[8] LiZ, Yuan X, Fu L, et al. Room temperature GaAsSb sin-



6 1 B0 467 S SR FCXT GaAsS/InP S35 485 -G 4 3L 5 OAT 4930 E AR R 1 S i 797

gle nanowire infrared photodetectors [J]. Nanotechnology.
2015, 26(44):445202.

[9] Cohen R M, Cherng M J, Benner R E, et al. Raman and
photoluminescence spectra of GaAs1—xSbx[J]. Journal of
Applied Physics. 1985, 57(10) :4817-4819.

[10] Das S, Sharma A S, Bakshi S, et al. Photoluminescence
investigation of the properties of GaAsSb in the dilute Sh
regime[]]. Journal of Materials Science : Materials in Elec-
tronics. 2020, 31(8) :6255-6262.

[11] Gao X, Zhao F, Fang X, et al. Optical characteristics of
GaAsSb alloy after rapid thermal annealing [J]. Semicon-
ductor Science and Technology. 2017, 32(11):114007.

[12] Verma P, Abbi S C, Jain K P, et al. Raman-—scattering
probe of anharmonic effects in GaAs [1]. Phys Rev B Con-
dens Matter. 1995, 51(23) : 16660-16667.

[13] Ramkumar C, Jain K P, Abbi S C, et al. Raman—scatter-
ing probe of anharmonic effects due to temperature and
compositional disorder in III-V binary and ternary alloy
semiconductors [ J]. Physical Review B. 1996, 53 (20) :
13672-13681.

[14] Linde vonder D, Kuhl J, Klingenberg H, et al. Raman
Scattering from Nonequilibrium LO Phonons with Picosec-
ond Resolution [J]. Physical Review Letters. 1980, 44
(23):1505-1508.

[15] Kash J A, Ulbrich R G, Tsang J C, et al. Quantitative
measurements of intervalley and carrier—carrier scattering
in GaAs with hot luminescence | J]. Solid State Electronics.
1989, 32(12):1277-1281.

[16] LiuYM, ChuY Y, LuY, et al. Lattice—optimized GaAs-
Sb/InP heterojunction toward both efficient carier confine-
ment and thermal dissipation [J]. Physica Status Solidi-
Rapid Research Letters. 2020.14(6) :2000108.

[17] Bremner S P, Ghosh K, Nataraj L, et al. Influence of Sh/
As soak times on the structural and optical properties of
GaAsSh/GaAs interfaces [ ] ]. Thin Solid Films. 2010, 519
(1):64-68.

[18] Deshmukh P, Sharma M, Nalamati S, et al. Molecular
beam epitaxial growth of high—quality Ga—catalyzed GaAs1

- xShx (x>0.8) nanowires on Si(111) with photolumines-
cence emission reaching 1.7 pum [J]. Semiconductor Sci-
ence and Technology. 2018, 33(12):125007.

[19] Morozov S V, Kryzhkov D I, Gavrilenko V 1, et al. Deter-
mination of the heterojunction type in structures with
GaAsSh/GaAs quantum wells with various antimony frac-
tions by optical methods [J]. Semiconductors. 2012, 46
(11):1376-1380.

[20] Dietrich C P, Lange M, Benndorf G, et al. Competing ex-
citon localization effects due to disorder and shallow de-
fects in semiconductor alloys [J]. New Journal of Physics.
2010, 12(3):003030.

[21] Balkanski M, Wallis R F, Haro E. Anharmonic effects in
light scattering due to optical phonons in silicon[J ]. Physi-
cal Review B. 1983, 28(4):1928-1934.

[22] Maczka M, Sanjuan M L, Fuentes A F, et al. Tempera-
ture—dependent Raman study of the spin-liquid pyrochlo-
re Th2Ti207 [J]. Physical Review B. 2008, 78 (13)
134420.

[23] Silveira J V, Vieira L. L, Filho J M, et al. Temperature—
dependent Raman spectroscopy study in MoO3 nanorib-
bons [J]. Journal of Raman Spectroscopy. 2012, 43(10) :
1407-1412.

[24] Stanchik A V, Tivanov M S, Tyukhov 11, et al. Tempera-
ture dependence of Raman scattering in the Cu2ZnSnSe4
thin films on a Ta foil substrate [J]. Solar Energy. 2020,
201:480-488.

[25] Hung L. X, Nga P T, Dat N N, et al. Temperature Depen-
dence of Raman and photoluminescence spectra of ternary
alloyed CdSe0.3Te0.7 quantum dots [T]. Journal of Elec-
tronic Materials. 2020, 49(4) :2568-2577.

[26] Chen Y Q, Peng B, Wang B. Raman spectra and tempera-
ture—dependent raman scattering of silicon nanowires [1].
The Journal of Physical Chemistry C. 2007, 111 (16) :
5855-5858.

[27] Prema Rani M, Saravanan R. Influence of silicon and bo-
ron doping on the thermal conductivity of n—gaas single

crystals[ ] ]. Materials Science Forum, 671(12):153-163.



	引言

