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Abstract. Influence of Yb and Al co-doping gallium melt during LPE growth of the GaAs
epitaxial layers on their properties is investigated. It is shown that both morphology and
electrophysical parameters of the films are changed under influence of the doping impurities
applied. Obtained results are explained by simultaneous Yb gettering action with respect to
oxygen and silicon in the solution-melt, and also by lowering the concentration of Si in the
films due to Al entering into Ga sub-lattice.
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1. Introduction

High-resistant low-doped GaAs and AlGaAs layers are
the basis to create the fast-operating high-voltage diodes,
thyristors, thermosensors and any sensors of radiation.
There arise difficulties while obtaining pure I1I-V layers
by LPE due to the presence of background impurities
like silicon, carbon, oxygen, magnesium in an initial
charge. Significant progress has been achieved in con-
trolling the properties of semiconductor materials using
rare-earth elements (REE) for recent 10-15 years [1-3].
Taking into account high chemical activity of the REE,
the best conditions in this aspect can be potentially pro-
vided by LPE. At the same time, it is rather difficult to
realise possible advantages of using rare-earth elements
to control properties of GaAs and AlGaAs layers by uti-
lising currently LPE based on the adjusting the vapour
phase humidity and using quartz equipment. The main
cause for that is interaction between aluminium and REE
on the one hand, and quartz equipment on the other, which
prevents creation of p+-i-n+ structures in GaAs — AlGaAs
system [4]. However, just these heterostructures attract
significant practical interest due to their low back-volt-
age currents and higher breakdown voltages in compari-
son to materials with a smaller energy band gap [4,5]. In

the present work, new approaches based on the complex
doping with REE and isovalent element impurities to be
applied to control electrophysical properties of the LPE
grown GaAs layers are developed.

2. Experimental technique

GaAs epitaxial layers were grown by LPE method using
experimental setup with horizontal reactor in the piston
type cassette with growth gap of 1 mm. Crystallisation of
the GaAs layers was realised from the tin, ytterbium and
aluminium doped gallium solution-melts on the
semiinsulating (100)-oriented GaAs substrates with
10 arc min off-orientation towards (110) plane. With a
purpose to form a charge, gallium 99.9997, aluminium
99.9999 and ytterbium 99.9 were used. The solution-melts
were not preannealed. Temperature and duration of the
homogenisation process were 850 °C and 1.5 hours, re-
spectively. Growth of layers was performed in the tem-
perature range of 800-700 °C, crystallisation velocity
was 1.2 °C/min. The thickness of the grown layers was
normally about 15-30 um.
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3. Results and discussions

Two experimental series were performed with the pur-
pose to investigate influence of doping Ga melts with Yb

and Al impurities on the electrophysical properties of _

GaAs layers. For both series the temperature of the layer
growth was the same and varied in the range of 70 to 100 °C.

For the first experimental series, Ga solution-melts
were only doped with Yb, concentration of which varied
from 0.0025 to 0.038 at.%. For the second series, Ga
melt was simultaneously doped with Al and Yb. In this
case, Al concentration was adjusted to two fixed values
equal to 0.015 and 0.026 at.%, respectively, while Yb
concentration varied from 0 to 0.055 at.% for each fixed
value of the Al concentration.

Our experiments have shown that both morphology
and electrophysical parameters of the films were changed
under influence of the doping impurities applied. Increase
in Yb impurity concentration may lead to worsening of
the film morphology, if its value exceeds the certain criti-
cal value. Such an effect of the REE influence on the
surface morphology of the films grown by LPE was known
before our investigations [1]. We have found the critical
concentration of the REE impurity to be dependent on the
presence of other doping impurities and their nature. Thus,
for example, little worsening of the films morphology be-
come apparent when Yb concentration in the solution-melt
exceeds 0.05 at.%, whereas when solution-melt is addi-
tionally doped with Al impurity in amount of 0.038 at.%,
the worsening of the morphology of the growing film takes
place at lower Yb concentration — 0.04 at.%.

Peculiarities of the influence of the Yb and Alimpuri-
ties on the electrophysical properties of the LPE grown
GaAs layers are illustrated by data shown in Figs 1 and 2.

As one can see from Fig.1, adding Yb in the Ga solu-
tion-melt decreases electron concentration (curve 1).
When Yb concentration reaches certain critical value
N (Yb), which is about 0.040 at.% in our case, inversion
of the conductivity type of the epitaxial layers from elec-
tronic to hole one occurs. The same behaviour of the
modification of the electron concentration under Yb im-
purity influence was observed also at co-doping initial
gallium solution-melts with ytterbium and aluminium
(Fig. 1, curves 2 and 3). In that case, however, N (YD)
appeared to be essentially dependent on Al concentra-
tion in the melt, namely: when the latter concentration
increases, N (YD) decreases in comparison to the value
for the layers grown from the solution-melts doped with
YD only.

Complex doping the initial solution-melts influences
also the carrier mobility in the grown epitaxial layers. It
reaches its maximal value approximately at the doping
impurity concentrations corresponding to the points of
the conductivity type inversion of the crystallising layers
(Fig. 2 curves 1-3). Electron mobilities measured at 300
and 77 K in the GaAs layers grown from the Ga melts
containing Yb at 0.018 at.% concentration were found to
differ almost by 7 times in their amount (Fig. 2, curves 3
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Fig. 1. Electron and hole concentrations in the epitaxial GaAs
layers versus Al and Yb concentrations in the galium melt: / —
0 at.% Al; 2 — 0.015 at.% Al; 3 — 0.026 at.% AL
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Fig. 2. Electron and hole mobilities in the epitaxial GaAs layers
versus Al and Yb concentrations in the gallium melt: / — 0 at.%
Al; 2 - 0.015 at.% Al; 3 — 0.026 at.% Al

and 4). Note that in the GaAs layers with electron con-
centration 1.1-1016-9-1015 ¢cm3, the electron mobility
value agrees very well with the theoretical one for the
undoped films ~ 6:10° cm?/V-s at 300 K [6]. Significant
increase of the mobility at 77 K in comparison to that at
room temperature indicates the absence of the compen-
sation of the impurity centers in the epitaxial GaAs lay-
ers and presence of the Al and Yb induced effective
gettering action in the melt with respect to the main back-
ground impurities.

A decrease in the electron concentration is accompa-
nied by increasing the specific resistance of GaAs
epitaxial layers. The maximum value of the specific re-
sistance for the n-type layers, grown from the Ga melts
doped with Yb, is 10-20 Ohm-cm. In the layers co-doped
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with Yb and Al for their concentrations in the melt equal
t0 0.032 and 0.015 at.%, respectively, the specific resist-
ance increases up to 5-10° Ohm-cm. Increasing Al con-
tent in the melt causes further increasing in the specific
resistance of the films. It is important to note that the
same value of the specific resistance of the layers can be
reached at sufficiently lower Yb concentration by increas-
ing Al concentration in the melt.

Observed behaviour of the electrophysical parameters
of GaAs layers obtained from Ga melts co-doped with Yb
and Al can be explained in the following way. It is gener-
ally known that the main background impurities in GaAs
are oxygen and silicon [5]. It is for epitaxy from Ga melts
that conductivity type of the epitaxial layers depends on
the temperature of the process and silicon concentration
in the melt. At 700-800 °C, which corresponds to the
conditions of our experiments, silicon mainly occupies
vacant sites in Ga sub-lattice and acts as a donor [7].
Oxygen also acts as a donor in GaAs [7]. Incorporation
of the Yb into the melt causes interaction of ytterbium
with silicon and oxygen [8] accompanied with creation
of slow-moving complexes in the solution-melt. Due to
that, amount of these elements entering the epitaxial layer
becomes lower — in other words, “cleaning” occurs. Co-
doping of the solution-melt with Yb and Al slightly
changes the behaviour of the redistribution of the back-
ground impurities. Aluminium being added into the melt
occupies Ga vacancy sites, because Al covalent radius
(1.24 A) is very close to Ga one (1.25 A) [9]. Due to that,
the amount of Si that also occupies Ga vacancy sites dur-
ing crystallisation sufficiently decreases. In our opinion,
simultaneous action of these two mechanisms, namely,
binding of silicon and oxygen in Ga melt on the one hand,
and decrease of the probability of entering for Siinto the
Ga sub-lattice under Al impurity influence on the an-
other hand, results in the anomalous “cleaning” effect of
the epitaxial GaAs layers grown from the melts co-doped
with Yb and Al. Due to the reasons mentioned above,
increase of Al content decreases the amount of Si entering
the epitaxial layer. As a result, conductivity inversion from
electron to hole type occurs at lower Yb concentration in
Ga melt when Al concentration increases in it.
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4. Conclusions

Our investigations showed that co-doping of Ga melts
with Yb and Al during LPE growth of the epitaxial lay-
ers in the temperature range 800-700 °C enables to ob-
tain materials with electrophysical parameters close to
the theoretically predicted ones for undoped layers. Ef-
fective “cleaning” of the doped layers from the back-
ground impurities can be explained by simultaneous Yb
gettering action with respect to the oxygen and silicon in
the solution-melt, and also by lowering the concentra-
tion of Si in the films due to Al entering into Ga sub-
lattice. This result opens possibilities to create low-doped
uncompensated GaAs and AlGaAs layers suitable to pro-
duce high-voltage diodes, detectors and thermosensors
with improved operation characteristics.
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