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Abstract : The molecular beam epitaxial growth of high quality epilayers on (100) InP subst rate using a valve phos2
phorous cracker cell over a wide range of P/ In BEP ratio (210～710) and growth rate (01437 and 01791μm/ h) . Ex2
perimental result s show that elect rical properties exhibit a p ronounced dependence on growth parameters ,which are

growth rate ,P/ In BEP ratio ,cracker zone temperature ,and growth temperature. The parameters have been optimized

carefully via the results of Hall measurements. For a typical sample ,77 K elect ron mobility of 4157×104 cm2 / (V·s)

and elect ron concentration of 1155×1015 cm - 3 have been achieved with an epilayer thickness of 2135μm at a growth

temperature of 370℃by using a cracking zone temperature of 850℃.
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1　Introduction

U sing a solid2state p hosp horus source in mo2
lecular beam epitaxy ( SSMB E) for t he growt h of

p hosp horus2containing materials is a good choice

not only for environmental considerations but also

for device application. Reproducible growth of

quant um well lasers wit h excellent performance[ 1 ,2 ]

and Ga InP/ GaAs heterost ructure bipolar t ran2
sistors ( HB T) wit h a high yield[3 ] have been dem2
onst rated by SSMB E.

Growt h and elect rical p roperties of InP epitax2
ial layers by SSMB E wit h a valve p hosp horus

cracker cell were first reported by Tsang et al . [4 ] in

1982. They found t he growt h temperature had a

very significant effect on t he quality of t he InP lay2
ers. In 1985 , Martin et al . [ 5 ] identified sulp hur as

t he dominant imp urity in unintentionally doped InP

grown by MB E f rom solid sources ,and obtained an

elect ron mobility of 1133×104 cm2 / (V ·s) at 77 K.

In 1994 ,Postigo et al . [ 6 ] reported t hat a lower P/ In

B EP ratio had a lower carrier concent ration and ob2
tained an elect ron mobility of 1148 ×104 cm2 / (V ·

s) at 65 K wit h an epilayer t hickness of 210μm by

an atomic layer SSMB E. In 1997 , Yoon et al . [ 7 ] re2
ported t hat a high cracking zone temperat ure

caused high acceptors ,and demonst rated t heir elec2
t ron mobility of 2155×104 cm2 / (V ·s) and carrier

concent ration of 5165×1015 cm - 3 at 77 K wit h a lay2
er t hickness of 215μm. In 1998 , Yoon et al . [ 8 ,9 ]

demonst rated t he highest elect ron mobility of 4109

×104 cm2 / (V ·s) and carrier concent ration of 1174

×1015 cm - 3 at 77 K by using a cracking zone tem2
perat ure of 850℃.

In this paper ,we report a comprehensive study

of InP epilayers which have been grown on InP

( 100 ) subst rates by an SSMB E system using a

valve p hosp horus cracker cell . The effect s of

(growt h parameters :growt h rate of epilayers ,P/ In
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B EP ratio , and growt h temperat ure) on elect rical

p roperties of t he epilayers have been st udied. Un2
der t he optimum growt h conditions , t he InP/ InP

epilayer wit h a thickness of 2135μm shows an elec2
t ron mobility of 4157 ×104 cm2 / (V ·s) and an e2
lect ron concent ration of 1155×1015 cm - 3 at 77 K.

2　Experiment

The unintentionally doped InP epitaxial layers

were carried out in a Riber Compact 21 MB E sys2
tem equipped wit h a Riber KPC250 valve p hos2
p horus cracker cell . The p urities of p hosp horus and

indium charge used were 72nine , respectively sup2
plied by Rasa Indust ries of J apan. In order to re2
duce t he background imp urities , before and after

loading source materials , t he baking of t he MB E

system ,and degassing of the P and In cell are very

important . The cracker zone temperature has a very

significant effect on elect ron mobility and carrier

concent ration ; lower elect ron concent ration and

higher elect ron mobility were obtained at a lower

cracker zone temperature[2 ,6 ,10 ] . If t he cracker zone

temperat ure was lower t han 800℃,t hen t he crack2
ing efficiency of P4 to P2 was generally poor [9 ] . If

t he cracker zone temperat ure was lower t han

850℃,it caused excessive white p hosp horous accu2
mulation in t he growt h chamber. We fixed the

cracker zone temperat ure at 850℃and t he bulk e2
vaporator temperat ure at 250℃. The beam equiva2
lent p ressure of p hosp horus ( P2 ) (B EPph ) was pre2
cisely adjusted by cont rolling t he valve opening of

t he p hosp horus cracker cell using an automatic po2
sition cont roller . The growt h chamber cooled by

liquid nit rogen reached a pressure less t han 210 ×

10 - 8 Pa before the growt h run. The beam equiva2
lent p ressure of indium (B EPIn ) was 710×10 - 5 and

1129×10 - 4 Pa for growt h rate 01437 and 01791μm

/ h ,respectively.

Averbeck et al . [ 11 ] reported lowering t he tem2
perat ure of deoxidation could lead to higher oxygen

on t he InP surface and could be oxygen2f ree at

490℃. But ,Barnes et al . [ 12 ] indicated t hat t he in2

corporated coefficient of P2 decreased f rom 0194 at

360℃ to 0154 at 470℃. This behavior is att ributed

to t he increasing f raction of t he incident P2 flux

t hat desorbs f rom the subst rate at a higher temper2
ature and does not cont ribute to t he layer growt h.

The temperat ure2dependent incorporation coeffi2
cient implies the need for high P/ In flux ratio s and

low subst rate temperat ure for p reparation of

smoot h InP epilayers. In our growt h experiment s ,

t he deoxidation temperat ures of 390～410℃were

chosen for considering t he surface morp hology of

epilayers and imp urity incorporation. Considering

t he effect of growt h temperat ure on t he incorpora2
tion coefficient [12 ] , t he growt h temperatures were

chosen f rom 360 to 390℃. The t hickness of the InP

epilayers was 210～2150μm.

3　Results

The effect of growt h rate on t he elect rical

p roperties of the InP at t he same P/ In B EP ratio of

315 are shown in Table 1. It shows t hat the higher

elect ron mobility (2185 ×103 cm2 / (V ·s) at 300 K

and 3150×104 cm2 / (V ·s) at 77 K) and t he lower

elect ron concent ration ( 9182 ×1015 cm - 3 at 300 K

and 3116 ×1015 cm - 3 at 77 K) have been obtained

with a higher growt h rate (01791μm/ h) . This can

be at t ributed to t he lower p robability of imp urities

incorporating into t he epitaxial layer at t he higher

growt h rate. However , too high a growt h rate is

not beneficial for stoichiomet ric growth since a

higher growt h rate needs a higher p hosp horus

B EP. The result s of Ref . [ 6 ] showed that t he high2
er quality InP epilayers were grown at a lower B EP

of p hosp horous.

Table 1　Effect of growth rate on elect rical p roperties

of InP epilayers

Sample L016 L018

Growt h rate/ (μm·h - 1) 0. 437 0. 791

Elect ron mobility at 77 K/ (cm2 ·V - 1 ·s - 1 ) 2. 70×104 3. 50×104

Elect ron mobility at 300 K/ (cm2 ·V - 1 ·s - 1 ) 1. 97×103 2. 85×103

Elect ron concent ration at 77 K/ cm - 3 4. 67×1015 3. 16×1015

Elect ron concent ration at 300 K/ cm - 3 2. 43×1016 9. 82×1015
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The experiment result s show t hat t he opti2
mum growt h temperat ures are in t he range f rom

365 to 385℃, with t he highest mobility being ob2
tained at 370℃. The highest mobility was respec2
tively reported by Yoon et al . [7 ] and Postigo et

al . [ 6 ] ;t he growt h temperat ures used by t hem were

480℃ and 340℃, respectively. Our experimental

result s show t hat elect ron mobility at 77 K dropped

remarkably at a growth temperature less t han

480℃ or higher than 350℃. Each run of the

growt h experiment was determined f rom surface

reconst ruction t ransformation by t he reflection

high2energy elect ron diff raction ( R H EED) [13 ] .

Figure 1 shows t he plot of elect ron mobility

and concent ration of t he InP as a f unctions of the

P/ In B EP ratio at 77 K. The result s clearly show a

significant increase in elect ron mobility f rom 1159

×104 to 4157 ×104 cm2 / ( V ·s) , when the P/ In

B EP ratio is reduced f rom 710 to 215. The elect ron

concent ration exhibites a corresponding decrease

f rom 1106 ×1016 to 1155 ×1015 cm - 3 following the

variation of the mobility. Furt her reduction in the

P/ In B EP ratio f rom 215 to 210 caused t he mobility

to reduce dramatically ,but t he elect ron concent ra2
tions remained at t he same level .

Fig. 1 　Elect ron mobility and concentration of InP as

functions of P/ In BEP ratio at 77 K

Figure 2 shows t he plot of elect ron mobility

and concent ration of t he InP as f unctions of t he P/

In B EP ratio at 300 K. We can notice t hat t he elec2
t ron mobility and concent ration varied f rom 3117×

103 to 2111×103 cm2 / (V ·s) and f rom 2116×1016

to 7170 ×1015 cm - 3 , respectively ,as t he P/ In B EP

ratio varied f rom 710 to 215. At t he same time ,t he

elect ron mobility decreasing wit h elect ron concen2
t ration increasing is observed as t he P/ In B EP ratio

is lower than 215. A similar experiment had been

observed by Postigo et al . [5 ] . The surface morp hol2
ogy of t he sample grown at a P/ In ratio of 210 was

badly damaged , which appeared to be a serious

p hosp horus deficiency ,and too low B EP ratio was

not beneficial for stoichiomet ric growth. We sug2
gest t he reason is at t ributed to p hosp horus vacan2
cies or deep level defect s ,and more discussion will

be reported in anot her paper .

Fig. 2 　Elect ron mobility and concentration of InP as

functions of P/ In BEP ratio at 300 K

4　Summary

In summary , high quality InP epitaxial layers

have been grown on InP ( 100 ) subst rates by

SSMB E using a valve p hosp horus cracker cell . The

experimental result s demonst rate t hat t he elect ron

concent ration of t he unintentional doped InP epi2
layers can be reduced f rom 1106 ×1016 to 1155 ×

1015 cm - 3 at 77 K by variation of t he growt h param2
eters which are t he P/ In B EP ratio , t he growt h

rates of InP epilayers , and the growt h tempera2
t ures. The 77 K elect ron mobility of 4157×104 cm2 /

(V ·s) and the concent ration of 1155 ×1015 cm - 3

with epilayers t hickness of 2135μm have been a2
chieved via optimizing growth parameters. To t he

best of our knowledge ,it is t he highest value ever

achieved in an InP epilayer grown by MB E.
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高电子迁移率 InP/ InP外延材料的 MBE生长 3
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(2 中国科学院半导体研究所 材料科学重点实验室 , 北京　100083)

摘要 : 采用固态磷源分子束外延技术在 InP (100)衬底上生长了高质量的 InP外延材料.实验结果表明 InP/ InP外

延材料的电学性质与诸多生长参数密切相关.根据霍耳测量结果 ,对生长条件和实验参数进行了优化 ,在生长温度

为 370℃,磷裂解温度为 850℃,生长速率为 01791μm/ h和束流比为 215的条件下 ,获得了厚度为 2135μm的 InP/

InP外延材料.在 77 K温度下 ,电子浓度为 1155×1015 cm - 3 ,电子迁移率达到 4157×104 cm2 / (V·s) .
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