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ABSTRACT

GaAs single crystals were grown epitaxially from Ga solution with carrier concentrations
in the 104cm=*range and electron mobilities between 7,500 and 9, 300cm?/V-sec. at 300°K,
and 50,000 and 95,000 cm?/V-sec. at 77°K. A comparison of the theoretical and experim-
ental curves for the mobility vs. temperature indicates that the significant scattering
mechanisms are ionized impurities and phonons in the temperature range of TT°K to
430°K. This indicates that the epitaxial layers do not contain other mobility limiting
imperfections to a significant degree. Photoluminescence spectra of the,epitaxial layers

did not show any emission due to deep lying imperfection levels.
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THE PREPARATION AND PROPERTIES OF
HIGH—PURITY EPITAXIAL GaAs GROWN
FROM Ga SOLUTION

-
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There have been several reports on the growth of GaAs from Ga solution @234,

However, no successiul effort has been reported in growing Ga’s with properties comp-
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areble to the best results obtained by vapcr phase epitaxial technique. For exempl
Eddolls®® et ¢l. have reported electron mobilities as high as 1€8,C00cm?/V-sec. at 52°K
in GaAs grown by the vapor phase epitaxial technique while Bolger and co-workers® have
measured mobilities up to 101, 000cm?/V-sec. 2t 77°K in GaAs grown by the same tech-
nique. We have been able tc grow reproducible GaAs epitaxially from Ga solution with
carrier concentrations in the 10%cm™ range and clectron mobilites between 7,520 and

9,30Ccm?/V-sec. &t 330°K and between 50,000 and $5,000cm?/V-sec. at T7°K.

The tilt tube technique initizted by Nelson® was modified some what for the liquid
epitaxial growth. Undoped polycrystalline GuAs* with a carrier concentration of approx-
imately 8:¢10%cm~3 was dissolved in Ga of TN purity** at §30°C for two hours under a
{lowing palladium-purified H, atmosphere. The GaiAs-saturated Ga was then poured over
the chemically polished Cr-doped semi-insulating GaAs substrate. The Ga sclution was
then cooled o a.200°C/hr. couling rate. Gaas single cryvstal layers of 50 to 1002m thickness
were grown on the(: 11) face of the substrate. The interface between the substrate and
the epitaxial layer revealed by cleaning or angl: lapping was straight and could be see
only by chemical staining. A graphite boat was used for the growth experiments. The
boat was vacuum-baked at 1,400°C for several nours prior to the experiment.

Hall effect measurements were carriesd cut con rectangular shaved samples ciched out
irom the grown layers. Six indium contacts were soldered to the periplery of the samrples
and hest trezted at £52°C to provide ohmic contact:, Measuremecents at AXG atl temperat-
ures ranging from TN te 42K were talien ia 2 conveniional liguid nitrogen cryestai

wsing an automatic data acquisition system ™.

The resuits of the Hall effect measurements on several samples are plotted in Fig. 1.
Sample TL61 showed the highest mobility at 77°¥ and the lowest carrier concentration,
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which was lower than the carrier concentration in the source material by more than two

orders of magnitude.

¢

The temperature dependence of the carrier concentration indicates that the donor levels

are shallow enough to be nearly comrpletely ionized at 77°K.

In order to identify the scattering mechanisms operating in the epitaxial layers, a
comparison of tne theoretical®® and the experimentzl dependence of mobility on the temp-
erature was made in Fig. 1. The upper solid curve is Ehrenreich’'s theoretical curve for
the case of optical phonon scattering alone. The experimental dependence of mobility on
temperature follows that of the theoretical curve in the range of approximately 150°K to
300°K. Similar behavior was reported by Bolger et gl.® for GaAs grown by the vapor

phase epitaxizal techrique.

Note that the measured Hall mobility of TES1 has recched the theoreticel limit of
mobility predicted by the calculation of Ehrenreich in the range of 159°K. The deviation
of the measured mokility from the upper theorcticzl curve ot lower and higher temgpera-
tures may be zttributed to the imrportance of ionized impurity scattering and acousticzl

phonon scattering respectively ot these temperzatures™.

It was interesting to note that the samples with higher carrier concentrations tended to
have higher mobilities in the high temperature region above 300°K. This behavior may
be attributed to the increasad screening of polar scattering with an increase inthe free

electron concentration'®. A similar behavior has been observed for InPa®,

The result of the mobility measurements indicates the high degree of purity and the

structural perfection of the crystals grown by the liquid epitaxy.

The total concentrction of ionized impurities was calculated using the Brooks-Herring v
relation and the result is shown in Table I. The mobility due to the ionized impurity
scattering used in the czlculation was estimated from the measured mobility and the
lattice mobility of 2€0,000cm?/V -sec. '® zt 77°K. The dielectric. costant of GaAs was tzken
to be 11.6 and the effective electron meass to be 0.072m, for the calculation.

The shallow donor may be silicon which was clways present in the spectrographic ana-
lysis of the gallium used for the epitaxial growth. The main compensating zcceptor may
also be silicon, since silicon is known to Y2 an amphoteric impurity in GaAs“* especizlly
when there is a low arsenic activity in the growth environment®.

The photolumirescent spectra were measured at 3C0°K and at 77°K with a Perkin-
Elmer Model 15 spectrophctometer. .\ mercury lamp with a Corning 7-59 f{ilter and Cu,
SO, solution filier was used for the excitation. The spectra were corrected for the photo-
multiplier spectrcl sensitivity (3-1 response). The surfaces of the crystzals were etched in
H,0.:H,80,: 11,0 (1:3:1) prior to the measurement.

Typical photeluminescence spectra are shown in Fig. 2. The photoluminescence spcctrum

of the n-type CzAs used {or the source material with 3x10%m™3 carriers and that of
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the cpitaxizal GaAs are compared at 77°K. No emission due to deep lying defect states
Was observed from the epitaxial layers where as two emission peaks arising from the deep
levels were observed from the source material. This indicates a sigmificant reduction in
the concentration of the related imperfections during the growth process. The energy of
the sharp emission peak is at 1.505 eV which is approximately 3 meV lower than the
CaAs band gap energy (1.502 ¢V) at 77°K%%. This pezk is probubl‘» due to & direct band-
to-band electron transition™, An emission peak im'oh'mg a shallow level approximately
3% meV {rom the band edge was obeerved in all of the epitaxial. A similar peak was
observed by Williams and Blacknall®® at 20°K. This peak mayv have been caused by the
transition of electrors {f1om the conduction band to the ghellow silicon ceceptor level as
suggested by Williams and Blacknall. The emission spectra of our epitaxial layers did not
chunge with carrier concentrations in 10% to 10¥%m™ range in agreement with the Prev-
ious studies of Panish'®’. This seems to indicate thet the low growth temperature and the
excess Ga 1o the growth environmeni decreas: the solubilities of defects and impurities

which create desep lying levels.

The authore wish to thank Prof. W. Tiller for stimulating discussions and J. Meyer
for valuable technical assistance.

Table 1. Ionized Impurity Concentraton at 77°K

|

Sampie | NoFNa | No—Ns No I Na P 8009K | Hy 7TPE A #770K
piz L@y @) @) @) (@ Veseo) |(em:/V-sec) ](m /V-sec)
[ i f’ ; |
TE §! ’ 6.84> 10"  1.20X10', 407><10“l 2.82x10" 9,300 { 8,000 | 181,000
i ! ‘ i
! ; 1 i '
TE 64 ‘ 1.05x10=~i 4.00>10'  1.03x10V  6.24X10" €200 | 62,500 [ 91,000
| i ‘ “
TE 80 | 221%10%  1.1010°  1.86x10" 5.5><10“‘ 7,500 | 53,200 ' 72,500

* Impurity mobility, 1 was calculated assuming the lattice mobility to be 200,000 at 77°K .

Figure Captions

Fig. 1

Variction of carrier concentration and Hall mobility with temperaturc.

Fig. 2

Comtparison of photoluminescence at 77°K for liquid epitaxially grown GaAs layer and
the source GaAs of 8x10%cm™ carrier concentration used for the growth process.
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