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Abstract : InAsSb alloys are grown on n2(100) GaSb ( Te2doped) and GaAs subst rates by the MOCVD using TMIn ,

TMSb ,and As H3 sources. The influence of growth parameters such as temperature ,Ⅴ/ Ⅲ ratio ,and buffer layer on

the surface morphology and solid composition is studied. The surface morphology is observed by A FM and SEM. The

As and Sb concentrations in the solid are characterized by elect ron microprobe analysis. The crystalline quality of the

InAsSb epilayer is characterized by double2crystal X2ray rocking curve diff raction. The elect rical properties are ob2
served by the (Van der Pauw) Hall technique at room temperature. An InAsSb epitaxy layer with mirror2like surface

and lat tice mismatch of 014 % is obtained.
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1　Introduction

Semiconductor devices based on Sb compounds

and t heir solid solutions such as GaInSb , GaIn2
AsSb ,and InAsSb have been found increasing prac2
tical use in recent years. The Ⅲ2Ⅴ ternary alloys

InAs x Sb1 - x covering t he spect ral region 3～ 5μm

present important advantages over Hg1 - x Cd x Te :

bet ter stability , higher elect ron and hole mobili2
ties ,and more availability of high2quality and low2
cost subst rates[ 1 ,2 ] . Among t he various Ⅲ2Ⅴmate2

rials , InAsx Sb1 - x are potentially very important

material systems suitable for t he fabrication of

light emit ting diodes and detectors for middle2

wave2lengt h inf rared applications. Applications in

t he spect ral range 3～5μm are found in various do2
mains such as pollutant detection ,inf rared t hermal

imaging ,and lidars or optical countermeasures[3 ,4 ] .

Despite t he high potential and at t ractive p roperties

of t hese and many ot her applications ,indust rial use

is still in it s infancy due to a number of challenges

associated with t he particular growth of Sb2com2
pounds. First of all ,most of t he ternary and quater2
nary materials of interest are thermodynamically

unstable and tend to show different forms of p hase

separation and ordering. This requires the crystal

growt h to be performed far f rom equilibrium ,typi2
cally at low temperatures f rom 350 to 600℃. Fur2
t her necessitating low2temperat ure growth are t he
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low melting temperat ures for some of t he com2
pounds. U nfort unately ,most of t he commonly used

metalorganic and hydride sources do not complete2
ly decompose at t hese low temperat ures ,e. g. As H3

(650℃) . So the growt h of Sb2compounds (e. g. In2
AsSb) is very difficult [5 ] . But t he st udy of the

growt h of InAsSb ternary alloys is necessary.

In recent years , t here have been some report s

on t he InAs x Sb1 - x ternary alloys grown by differ2
ent met hods , such as liquid p hase epitaxy

(L PE) [ 6 ,7 ] ,MB E[3 ,8～11 ] ,and MOCVD[12 ,13 ] on vari2
ous subst rates ,e. g. InAs , InSb , GaAs , GaSb , InP ,

and Si. However , very few growt h characteristics

and result s are reported on InAsSb grown on GaSb

by MOCVD. This paper aims at developing

MOCVD growt h of InAsSb layers on GaSb sub2
st rates. Special at tention is devoted to elaboration

on the conditions for the growth of good quality In2
AsSb layers.

2　Experiment

The epitaxial growt h was performed in a hori2
zontal ,low pressure MOCVD reactor . The group2
Ⅴ precursors were t rimethylantimony ( TMSb )

and 10 % arsine diluted by hydrogen. The group2Ⅲ
precursors were t rimethylgallium ( TM Ga) and t ri2
met hylindium ( TMIn) . The source temperat ures

for TM Ga , TMIn , and TMSb were - 17 , 5 , and

- 5℃,respectively. The carrier gas was Pd2p urified

H2 . The subst rates were (100)2oriented , Te2doped

GaSb and semi2insulating GaAs. GaSb and GaAs

subst rates were kept f rom decomposing by TMSb

and arsine sources before reaching t he growth tem2
perat ure.

The growt h parameters , such as growt h tem2
perat ure and the ratio s of Ⅴ/ Ⅲ,were optimized to

decrease t he lat tice mismatch between t he InAsSb

epilayer and t he GaSb subst rate. The growt h tem2
perat ure was in t he range of 520～630℃,and Ⅴ/ Ⅲ

ratio s were varied f rom 5 to 25. The total gas flow2
ing into t he reactor was 413L/ min.

After InAsSb epitaxy was obtained on (100)2

oriented GaSb and GaAs subst rates by a low pres2
sure MOCVD system ,t he characteristics of InAsSb

epitaxy were investigated by means of X2ray dif2
f raction ,optical microscopy ,atomic force microsco2
py (A FM) , scanning elect ron microscopy ( SEM) ,

and elect ron microprobe analysis. Standard Hall

measurement s were performed to determine t he e2
lect rical p roperties of the InAsSb epilayers.

3　Results and discussion

In the MOCVD growt h of Sb2based com2
pound ,temperat ure is a critical parameter determi2
ning the surface morp hology and the composition

of t he epilayer .

In order to obtain an epilayer with t he lat tice

matching t he GaSb subst rates ,we must cont rol t he

composition , i. e. t he x value of InAs x Sb1 - x . Ac2
cording to Vergard’s laws , InAs0. 91 Sb0. 09 with a

composition corresponding to x = 0191 has a lat tice

t hat matches GaSb subst rates. In order to st udy t he

influence of growt h temperat ure on t he solid com2
position ,t he growth temperat ure was varied f rom

520 to 630℃ while keeping the ot her growt h pa2
rameters constant ,such as Ⅴ/ Ⅲ ratio s of 10 and a

growt h pressure of 133kPa. The growt h elect ron

microp robe analysis result shows t hat t he solid

composition of InAs x Sb1 - x is dependent on growt h

temperat ure ,as shown in Fig. 1. In the range of 520

～600℃, x increases wit h increasing growt h tem2
perat ure. This may be due to t he different pyrolysis

efficiencies of TMSb and As H3 at different temper2
atures. It is known t hat TMSb is nearly completely

pyrolysed above 500℃, but t he pyrolysis of As H3

still increases with increasing growt h temperat ure

over 500℃. The real ratio of As and Sb in t he va2
por p hase consequently increases , resulting in t he

increase of As composition x . Above 600℃, x de2
creases with increasing growt h temperature. This

might be due to the st ronger parasitic reaction be2
tween TMIn and As H3 in t he vapor p hase[14 ] .

The Ⅴ/ Ⅲ ratio is anot her critical parameter

for MOCVD growt h of Sb2based compounds ,as we
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Fig. 1 　Solid composition x of InAs x Sb1 - x versus

growth temperature

see in Fig. 2 t he surface morp hologies of InAsSb in

different Ⅴ/ Ⅲ ratio s by means of SEM.

　　The low volatility of Sb is also t he reason t hat

t he antimonides are grown at a low Ⅴ/ Ⅲ ratio .

The Ⅴ/ Ⅲratio is also shown to have an important

influence on t he morp hology. 3D island growt h oc2
curs under certain conditions. The 2D nucleation is

only observed for a small range of Ⅴ/ Ⅲ ratio s.

Too high a Ⅴ/ Ⅲ ratio ( Ⅴ/ Ⅲ= 25) will cause ex2
cess Sb to stay on the sample surface ,which result s

in t he formation of Sb droplet s ,t hus causing rough

morp hology ( Fig. 2 (a) ) . An appropriate Ⅴ/ Ⅲratio

( Ⅴ/ Ⅲ = 10 ) will result in InAsSb alloys wit h

smoot h and mirror2like surface ( Fig. 2 ( b ) ) . Too

low a Ⅴ/ Ⅲ ratio ( Ⅴ/ Ⅲ= 5) will lead to unstable

growt h and poor crystal quality ( Fig. 2 (c) ) . In t he

ext reme case ,intolerable In droplet s may be gener2
ated on t he sample surface.

Fig. 2　Surface morphologies of InAsSb for different Ⅴ/ Ⅲ ratios　(a) Ⅴ/ Ⅲ= 25 ; (b) Ⅴ/ Ⅲ= 10 ; (c) Ⅴ/ Ⅲ= 5

　　We observed t he surface of InAsSb wit h and

without a GaSb buffer by means of A FM. The re2
sult shows t hat the epitaxial layer without a buffer

has a smoot her surface than t hat wit h a buffer ,as

shown in Fig. 3. The p henomenon is in accord wit h

t he result s of Nouaouraj[ 15 ] . The GaSb surface stoi2
chiomet ry is less stable than t hat of GaAs ,and is

easy to change t hrough annealing. When As exist s

in the reactor , t he cont rol of the st ructural and

chemical p roperties of arsenide2antimonide inter2
faces is not easy. The use of two different element s

As and Sb can result in a decrease of the interface

quality. For T < 400℃,As2Sb exchanges in t he sur2
face layer occur ;for T > 450℃,t he desorption of Sb

atoms changes t he formation of GaAsSb mi2
crop hases. This surface reconst ruction st rongly af2
fect s surface morp hology and crystal quality.

Figure 4 shows t he double2crystal X2ray rock2
ing curve of t he ( 400) diff raction of InAsSb. An

Fig. 3 　Surface morphologies of InAsSb with buffer

layer (a) and without buffer layer (b)
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InAsSb epitaxy wit h a lat tice mismatch of 01 4 % is

obtained ,and the crystal quality is still poor. This

may be because Sb has a much weaker chemical

bonding and low volatility , Sb2based compounds

are difficult to grow ,and high2quality crystal of Sb2
based compounds are difficult to obtain.

Fig. 4　X2ray diff raction of InAsSb/ GaSb sample

The elect rical p roperties ,mobility , and carrier

density were determined by Hall measurement s u2
sing t he Van der Pauw method wit h a mesa st ruc2
t ure on an undoped InAsSb layer deposited on

GaAs subst rates. The sample is formed to be n2
type with room temperat ure carrier concent rations

of 8152×1016 cm - 3 and mobilities of 411cm2 / (V ·

s) . A possible explanation for n2type conduction

might be t hat carbon occupies group2Ⅲ element

sites as a donor in t he materials[14 ] . The mobilities

of t he sample are low. This may be explained by

t he crystalline quality ,which is bet ter when t he ep2
itaxy layers are grown to match t he lat tice closely.

In fact , when the layers are grown on GaAs , the

lat tice mismatch also plays a role ,and microp hases

and large crystal defect s could be present ,t hus de2
grading the crystal quality. The result is a decrease

in mobility.

4　Conclusion

InAsSb alloys wit h smoot h and mirror2like

surfaces have been successf ully grown on GaSb

subst rates by L P2MOCVD using TMIn , TMSb ,and

As H3 as source materials. The detail surface mor2

p hology is observed by SEM and A FM. The result

shows t hat buffer layer , growt h temperat ure , and

Ⅴ/ Ⅲ ratio affect t he surface morp hology. The sol2
id concent rations were characterized by elect ron

microp robe analysis ,and t he result shows that t he

x value of InAs x Sb1 - x increases wit h increasing

growt h temperat ure ; but above 600℃, x decreases

with increasing growt h temperat ure. The result s of

double2crystal X2ray rocking curve diff raction indi2
cate t hat t he growth window of InAsSb alloys is

very narrow. On t he ot her hand , t he elect rical

p roperties are investigated ,and an elect ron mobili2
ty of 411cm2 / (V ·s) wit h a concent ration of 8152

×1016 cm - 3 is achieved.
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GaSb衬底上 InAsxSb1 - x合金的低压 MOCVD生长和表征 3
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摘要 : 采用自制的低压金属有机化学气相淀积设备 ,用三甲基镓、三甲基铟作为Ⅲ族源 ,三甲基锑和砷烷作为 V族

源在 (100)面 GaSb和 GaAs单晶衬底上分别外延生长了 InAsSb材料.用 X射线双晶衍射、原子力显微镜、扫描电

镜和电子探针能谱仪等对材料特性进行了表征 ,研究了生长温度、Ⅴ/ Ⅲ比、过渡层等生长参数对外延层质量的影

响.获得了与 GaSb衬底晶格失配度为 014 %的表面光亮且晶体质量较好的 InAs0. 85 Sb0. 15外延层.
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