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In a recent letter in this journal, Liet al! drew a con- sample that was annealed at 600 °C for 10 min. If any con-
clusion on the mechanism responsible for the semi-insulatinglusions can be drawn from the MCDA signal displayed in
properties of GaAs epilayers grown by molecular beam epiFig. 2(d) for the 600 °C 30 min annealed epilayer concerning
taxy (MBE) at low-substrate temperatures and subsequentlthe As;, concentration, then one can conclude photoquench-
annealed. They concluded that their experiments supporteelg is occurring. Now looking at Fig. 1 of Liet al,® NIRA
the “arsenic antisite defect” modeland not the “buried data are shown only for the as-grown epilayer and the epil-
Schottky barrier” modef. We question some of their inter- ayer that experienced at 600°C 30 min anneal. In the Fig. 1
pretations of the experimental data that led to this concluNIRA data, significant photoquenching is observed for the
sion. as-grown sample but absolutely no photoquenching for the

When GaAs is grown at low substrate temperatures bys00 °C 30 min annealed sample. Therefore different species
MBE with otherwise normal growth conditions, excess As ismust be giving rise to the MCDA signal, which is photo-
incorporated. These low-temperature-grofiiG) GaAs ep-  quenchable, and the NIRA signal, which is not
ilayers are of high crystal qualityin spite of containing as photoguenchable—not just a difference in ionization state of
much as 2% excess arsenic in the form of point defects.the arsenic antisite. It is very likely the NIRA data in Fig. 1
With anneal this excess arsenic beings to precipfdibe  for the 600 °C 30 min annealed epilayer is due to absorption
final composite structure of semimetallic arsenic precipitategind scattering by the arsenic precipitdt%ECompare Fig. 8
in a GaAs matrix can be controlled with the substrate temin Ref. 10 of the calculation of the absorption coefficient for
perature during MBE and the subsequent anneal. The sulxr 1% volume fraction of arsenic precipitates in a GaAs ma-
strate temperature during MBE sets the amount of excess Asix with Liu et alt Fig. 1(b).]
in the epilayer® the subsequent anneal controls the precipi-  Even if Liu et al® could conclude that the Fermi level
tation of the excess arsenic and the amount of coarsening @bsition is determined by the arsenic antisite in their epilay-
the arsenic precipitatésClearly, the properties of as-grown ers, they are only looking at a subset of the material that is
materials are controlled by point defects. However, there hagferred to as LTG-GaAs in the literature. The highest tem-
been controversy concerning the role the arsenic precipitatqﬁ;rature anneal performed by Lét al! was 600 °C and the
play in the optical and electronic properties of the annealegongest duration at this temperature was 30 min. Although
LTG epilayers. not a light anneal, much higher temperature anneals are

Liu et al! used the technique of near-infrared absorptioncommon—in the range of 700—1000 ®®lo definite conclu-
(NIRA) to determine the density of unionized arsenic anti-sions can be made about these materials produced by higher
sites, Ag,, in their epilayers as a function of anneal. How- temperature anneals based on the experiments oétai
ever, to quantify the density of Rgin their epilayers, they However, the data in Fig. 3 of Liet al® display a decrease
assume the decrease in intensity of the infrared radiation ig the neutral and ionized arsenic antisite concentration with
dueonly to absorption by the As, However arsenic precipi- ncrease of anneal temperature. Extrapolating these data to
tates have formed in their annealed epilayers and will play &jgher temperature anneals would suggest a further decrease
role in the absorption and scattering of the infrarediy concentration and the role of the arsenic antisites and
radiation:® Therefore Liuet al." cannot assume that all the hence an increase in the role of the arsenic precipitates. Also
reduction in transmission of the infrared radiation is due tone actual arsenic antisite concentration could be signifi-
absorption by the Af—for their 600 °C 30 min annealed cantly lower than displayed in Fig. 3, especially for the
sample, much of the reduction in radiation may actually beggg °C anneals, since absorption or scattering of the infrared
due to absorption and scattering the arsenic precipitates  ragiation by the arsenic precipitates was ignored in analyzing

Attributing the NIRA signal measured by Liet al' for  the NIRA data.
their 600 °C 30 min annealed epilayer to absorption and scat-  The conductivity as a function of a wide range of anneal
ter by the arsenic precipitates is lent credibility by comparingie mperatures for LTG-GaAs has been reported by Ibbetson
the Liu et al* NIRA data with the Liuet al measurements gt 511 They found that the room-temperature conductivity
of the ionized arsenic antisite density, &sLiu et al’ used ¢ 5 | TG-GaAs sample annealed for 30 s at 600 °C was due
magnetic circular dichroism of absorptiéMCDA) to mea- ¢4 hopping conduction. For higher temperature anneals, the
sure the AéaQensny. There is significant photoquenching of o,m_temperature conductivity was not caused by hopping
the MCDA signal seen in Liwetal* Figure 2c) for the  conduction but was due to a thermally assisted tunnelling
process with an activation energy 6f0.6 eV, which they
dElectronic mail: melloch@ecn.purdue.edu attribute to the arsenic precipitates. The results of Ibbetson

Appl. Phys. Lett. 67 (9), 28 August 1995 0003-6951/95/67(9)/1331/2/$6.00 © 1995 American Institute of Physics 1331



et al!! lend credence to a transition occurring in annealedneasurements of Ibbetsenal,!! the STM measurements of
LTG materials as the excess arsenic precipitates and to Beenstraet al,'? and the photoreflectance measurements of
pinning position for the arsenic precipitates-©0.6 eV be-  Warrenet al 2 place the pinning position of the arsenic pre-
low the conduction band. Using scanning tunneling micros<ipitates betweeit,+0.65 eV andg,+0.8 eV.
copy (STM), Feenstrat al. have shown that in-LTG-GaAs
the arsenic precipitates produce midgap pinning and deplex. Liu, A. Prasad, W. M. Chen, A. Kurpiewski, A. Stoschek, Z. Liliental-
tion spheres were observed around thémiu et al" argues ~Weber, and E. R. Weber, Appl. Phys. Lei6, 3002(1994.
that because the Fermi level is near midgap in undoped LTG'Eﬁolck.L(F):kévDe{ngl g}@fr;éyé '3'\;;‘2?13533’.3' R. Sizelove, C. E. Stutz,
GaAs as the precipitates form, little charge transfer is ex-3a c. warren, J. M. Woodall, J. L. Freeouf, D. Grischkowsky, D. T. McIn-
pected between the GaAs matrix and the arsenic precipitatesturff, M. R. Melloch, and N. Otsuka, Appl. Phys. Le§7, 1331(1990.
Clearly the amount of charge transfer will depend on the ‘R J. Matyi, M. R. Melloch, and J. M. Woodall, J. Cryst. Grovit®g, 719
pinning position and concentration of th? ars?r?ic pl’eCipi'5M. Kar.ninska, E. R. Weber, Z. Liliental-Weber, R. Leon, and Z. U. Rek, J.
tates; and the concentrations of the arsenic antisites and galyac. sci. Technol. B, 712(1989.
lium vacancies. If the pinning position of the arsenic precipi- °M. R. Melloch, N. Otsuka, J. M. Woodall, A. C. Warren, and J. L. Freeouf,
tate is above the level of the arsenic antisite, then arsenic”PPl- Phys. Lett.57, 1531(1990.
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cipitates is below the arsenic antisite level, then the antisiteSJ. p. Ibbetson, J. S. Speck, N. X. Nguyen, A. C. Gossard, and U. K.
will compensate the gallium vacancies; however, depending Mishra, J. Electron. Mate@2, 1421(1993. _
on the concentration of the arsenic antisites and the gallium fét'tv'égegg;g?i:‘é:;/ate”aus* J. M. Woodall, and G. D. Pettit, Appl. Phys.
vacancies, some of the arsenic precipitates may be negativelys ¢ warren, J. M. Woodall, P. D. Kirchner, X. Yin, F. Pollak, M. R.
or positively charged. It should be noted that the conductivity Melloch, N. Otsuka, and K. Mahalingam, Phys. Rev4& 4617 (1992.

1332 Appl. Phys. Lett., Vol. 67, No. 9, 28 August 1995 M. R. Melloch and J. M. Woodall



