26 8
2005 8

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.26 No.8
Aug. ,2005

MBE Gowth of High Blectron Mobility InP Epilayers’

Shu Yongchun', Yao Jianghong® , Lin Yaowang'? , Xing Xiaodong'
P Biao", XuBo®, Wang Zhanguo"* , and XuJingjun*

(1 Key Laboratory of Advanced Technique and Fabrication for Weak-Light Nonlinear Photonics Materials,

Ministry of Education, Nankai University, Tianjin 300457, China)

(2 Key Laboratory for Semiconductor Materials Science, Chinese Academy of Sciences, Beijing 100083, China)

Abgtract : The molecular beam epitaxial growth of high quality epilayerson (100) InP substrate using a valve phos-
phorous cracker cell over a wide range of P/ INBEP ratio (2 0 7. 0) and growth rate (0. 437 and 0. 791 m/ h) . Ex-
perimental results show that electrical properties exhibit a pronounced 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 resultsof Hall measurements. For a typical sample,77K eectron mobility of 4 57 x 10*cm?/ (V - 9)
and eectron concentration of 1 55 x 10°cm”* have been achieved with an epilayer thickness of 2 3% m at a growth

temperature of 370
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1 Introduction

Usng a solid-state phosphorus source in mo-
lecular beam epitaxy (SSMBE) for the growth of
phosphorus-containing materials is a good choice
not only for environmental consderations but al s
for device application. Reproducible growth of
quantum well lasers with excellent performance'*?
and GalnP/ GaAs heterostructure bipolar tran-
sstors (HBT) with a high yield® have been dem-
onstrated by SSMBE.

Growth and electrical propertiesof InP epitax-
ial layers by SSMBE with a valve phosphorus
cracker cell werefirst reported by Tsang et al. ! in
1982. They found the growth temperature had a
very sgnificant effect on the quality of the InP lay-
ers. In 1985 ,Martin et al."™ identified sulphur as
the dominant impurity in unintentionally doped InP
grown by MBEfrom solid sources ,and obtained an

by using a cracking zone temperature of 850
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electron mobility of 1. 33 x10%cm?/ (V - s) at 77K.
In 1994 ,Postigo et al.® reported that alower P/ In
B EP ratio had alower carrier concentration and ob-
tained an electron mobility of 1. 48 x 10*cm?/ (V -
s) at 65K with an epilayer thickness of 2 Q m by
an atomic layer SSMBE. In 1997 , Yoon et al. ! re
ported that a high cracking zone temperature
caused high acceptors,and demonstrated their elec-
tron mobility of 2 55x10*cm®/ (V - s) and carrier
concentration of 5 65 x 10”°cm”* at 77K with alay-
er thickness of 2 §m. In 1998, Yoon et al.!®*
demonstrated the highest electron mobhility of 4 09
x 10*cm?®/ (V - s) and carrier concentration of 1 74
x10"cm ® at 77K by using a cracking zone tem-
perature of 850

In this paper ,we report a comprehensve study
of InP epilayers which have been grown on InP
(100) substrates by an SSMBE system using a
valve phosphorus cracker cell. The effects of
(growth parameters:growth rate of epilayers,P/ In
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BEP ratio ,and growth temperature) on electrical
properties of the epilayers have been studied. Un-
der the optimum growth conditions, the InP/ InP
epilayer with a thickness of 2 334 m shows an elec-
tron mobility of 4 57 x 10°cm?/ (V - s) and an e
lectron concentration of 1. 55 x10cm™® at 77K.

2 Experiment

The unintentionally doped InP epitaxial layers
were carried out in a Riber Compact 21 MBE sys
tem equipped with a Riber KPC250 valve phos
phorus cracker cell. The purities of phosphorus and
indium charge used were 7-nine,respectively sup-
plied by Rasa Industries of Japan. In order to re
duce the background impurities, before and after
loading source materials,the baking of the MBE
system ,and degassing of the P and In cell are very
important. The cracker zone temperature has a very
sgnificant effect on electron mobility and carrier
concentration; lower electron concentration and
higher electron mobility were obtained at a lower
cracker zone temperature'®®*”
temperature was lower than 800
ing efficiency of P to P. was generally poor!® . If
the cracker zone temperature was lower than
850 it caused excessive white phosphorous accu-
mulation in the growth chamber. We fixed the
cracker zone temperature at 850 and the bulk e
vaporator temperature at 250 . The beam equivar
lent pressure of phosphorus (P.) (BEP») waspre
cisely adjusted by controlling the valve opening of
the phosphorus cracker cell usng an automatic po-
stion controller. The growth chamber cooled by
liquid nitrogen reached a pressure less than 2 0 x
10" ° Pa before the growth run. The beam equiva
lent pressure of indium (BEP») was 7. 0 x 10 ° and
1 29 x10 *Pafor growth rate 0. 437 and 0. 794 m
/ h respectively.

. If the cracker zone
,then the crack-

Averbeck et al.'* reported lowering the tem-
perature of deoxidation could lead to higher oxygen
on the InP surface and could be oxygenfree at
490 .But ,Barnes et al.™™ indicated that the in-

corporated coefficient of P. decreased from 0. 94 at
360 to 0. 54 at 470
to the increasng fraction of the incident P. flux

. This behavior is attributed

that desorbsfrom the substrate at a higher temper-
ature and does not contribute to the layer growth.
The temperature-dependent incorporation coeffi-
cient implies the need for high P/ Influx ratios and
low substrate temperature for preparation of
smooth InP epilayers. In our growth experiments,
the deoxidation temperatures of 390 410 were
chosen for consdering the surface morphology of
epilayers and impurity incorporation. Consdering
the effect of growth temperature on the incorpora
tion coefficient™™ | the growth temperatures were
chosen from 360 to 390 . The thicknessof the InP

epilayerswas2 0 2 5Q m.

3 Results

The effect of growth rate on the electrical
properties of the InP at the same P/ In BEP ratio of
3 5 are shownin Table 1. It shows that the higher
electron mobility (2 85 x 10°cm®/ (V - s) at 300K
and 3 50 x10*cm’/ (V - s) at 77K) and the lower
electron concentration (9. 82 x 10 cm™® at 300K
and 3 16 x 10®°cm™? at 77K) have been obtained
with a higher growth rate (0. 793 m/ h) . This can
be attributed to the lower probability of impurities
incorporating into the epitaxial layer at the higher
growth rate. However ,too high a growth rate is
not beneficial for stoichiometric growth snce a
higher growth rate needs a higher phosphorus
BEP. The results of Ref.[6] showed that the high-
er quality InP epilayers were grown at alower BEP
of phosphorous.

Table 1 Hfect of growth rate on eectrical properties
of InP epilayers

Sample L016 L018

Growth rate/ U m- h-1) 0.437 0.791
Hectron mobility at 77K/ (cm2 - V-1.s-1)| 2 70 x 104 | 3.50 x 104
Electron mobility at 300K/ (cm? - V-1 . s-1)| 1.97 x103 [ 2.85 x 103
Electron concentration at 77K/cm- 3 [ 4.67 x10%° [ 3.16 x 10%°
Electron concentration at 300K/cm~3 | 2.43 x10%]9.82 x10%°
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The experiment results show that the opti-
mum growth temperatures are in the range from
365 to 385
tained at 370
tively reported by Yoon et al.'’ and Postigo et

,with the highest mobility being ob-
. The highest mobility was respec-

al . ;the growth temperatures used by them were
480 and 340 |, respectively. Our experimental
results show that electron mobility at 77 K dropped
remarkably at a growth temperature less than
480 or higher than 350 . Each run of the
growth experiment was determined from surface
reconstruction trandormation by the reflection
high-energy electron diffraction(RHEED) " .

Figure 1 shows the plot of electron mobility
and concentration of the InP as a functions of the
P/ In BEP ratio at 77K. The results clearly show a
significant increase in electron mobhility from 1 59
x10* to 4 57 x 10°cm’/ (V - s) ,when the P/ In
BEP ratio is reduced from 7. 0 to 2 5. The electron
concentration exhibites a corresponding decrease
from 1 06 x 10" to 1. 55 x 10”cm"* following the
variation of the mobility. Further reduction in the
P/ InBEP ratiofrom 2 5to 2 0 caused the mohility
to reduce dramatically ,but the electron concentra
tions remained at the same level.
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Fg.1 Hectron mobility and concentration of InP as

functionsof P/ In BEP ratio at 77K

Figure 2 shows the plot of electron mobhility
and concentration of the InP asfunctions of the P/
In BEP ratio at 300K. We can notice that the elec-
tron mobility and concentration varied from 3 17 x
10° to 2 11 x10°cm’/ (V - s) and from 2 16 x 10"
to 7. 70 x 10 cm”® ,respectively ,as the P/ In BEP

ratio varied from 7. 0 to 2 5. At the same time ,the
electron mobility decreasng with electron concen-
tration increasngisobserved asthe P/ In BEP ratio
islower than 2 5. A smilar experiment had been
observed by Postigo et al. ' . The surface morphol-
ogy of the sample grown at a P/ In ratio of 2 0 was
badly damaged, which appeared to be a serious
phosphorus deficiency ,and too low BEP ratio was
not beneficial for stoichiometric growth. We sug-
gest the reason is attributed to phosphorus vacan-
ciesor deep level defects,and more discusson will
be reported in another paper.
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Fig.2 Hectron mobility and concentration of InP as
functions of P/ In BEP ratio at 300K

4 Summary

In summary ,high quality InP epitaxial layers
have been grown on InP (100) substrates by
SSMBE using a valve phosphorus cracker cell. The
experimental results demonstrate that the electron
concentration of the unintentional doped InP epi-
layers can be reduced from 1 06 x 10" to 1 55 x
10”cm” ® at 77K by variation of the growth param-
eters which are the P/ In BEP ratio, the growth
rates of InP epilayers,and the growth tempera
tures. The 77K electron mobility of 4 57 x 10*cm’/
(V - s) and the concentration of 1 55 x 10®°cm"°®
with epilayers thickness of 2 3% m have been &
chieved via optimizing growth parameters. To the
best of our knowledge it is the highest value ever
achieved in an InP epilayer grown by MBE.
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