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Abstract. We present the study of the n-GaAs surface
modification by the eectrochemical etching in different
electrolyte compositions. The possibility of forming the
different micromorphology types on the identical GaAs
samples, in particular the possibility of forming the crys-
tallographic, defective-didocation, and isotope interfaces,
was investigated.
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1. Introduction

The electrochemical methods of semiconductor
surface modification are widely used when the materials
of electronic devices are manufactured.*? Such methods
include chemical,® electrochemical,*® and photoelectro-
chemical® etching, as well as electrochemical” and chemi-
cal deposition.? All these modifications of the method are
based on the crystal treatment with the acid or akali solu-
tions.>™® The result of such treatment can be the formation
of the films on the crystal surface,** polishing,™ surface
passivation,***> and the formation of the developed semi-
conductor nanorelief.’®” The main advantages of the
electrochemical method are its smplicity, cheapness,
process speed, and the lack of need to use high-tech and
costly equipment.*®

This method is traditionally used in order to obtain
the porous layers on the silicon surface.**% This technol-
ogy is aready well-developed, which allows producing
the porous silicon on a commercia scale. The eectro-
chemical methods are also actively used for the binary
semiconductors of groups A?B® and A%B® %%

It should be noted that the semiconductors of group
A’B® are etched in the acid and alkali solutions much
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worse than the semiconductors of group A%B® due to their
peculiarities.® Therefore, other methods of surface modi-
fication, among which the methods of ion bombardment,
thermal annealing, epitaxy, sol-gel methods, etc.”*? are
used as a rule for the semiconductors of group A%B®. It
should be noted that all these methods have their own
peculiarities of implementation and ultimate goal, so they
cannot be compared and prioritized.

Among al semiconductors, the largest variety of
surface modification by the electrochemical methods was
achieved for the crystals of type A®B® including InP,
GaAs, GaP.®? Thus, the possibility for synthesizing the
nanoneedles, nanowires, textured and porous surfaces,
was repeatedly shown.?®* The heterostructures consisting
of the layers of the semiconductor’ s own oxide can be also
formed on the semiconductor surface by the electrochemi-
cal treatment methods.***

All this generates new interest in the surface modi-
fications of the semiconductors of group A3B5 and stimu-
|ates the researchers to improve these methods,

It should be noted that despite the implementation
simplicity of the electrochemical treatment method of the
semiconductors, the surface dissolution mechanism is
quite a complex one and not been fully studied. This is
primarily due to many factors on which the final result
depends. Thus, during the electrochemical etching the
morphological and chemical changes in the semiconduc-
tor surface are influenced by the electrolyte composition
and concentration,® the value of applied potential,®
treatment time* electrolyte temperature, lighting, etc.
Furthermore, it was reported about the self-organization
processes of the nanostructure growth on the surface due
to the influence of the surface and bulk defects®® It is
also important to take into account the semiconductor
characteristics, namely the conductivity type, surface
orientation, type and concentration of the dopant, etc.>*%

In this study, we analyzed the influence of the elec-
trolyte composition on the surface morphology of the
gallium arsenide during the electrochemical etching in the
acid solutions. Thisis not the first study of this type. Thus,
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electrochemical etching of the gallium arsenide surface
can lead to the formation of a dense porous layer.*"*
Other studies indicate that the porous layer can consist of
galium or arsenic oxides®™* However, so far not all
GaAs surface modifications have been described, and the
dissolution mechanism of this semiconductor during the
electrochemical treatment has not been fully established.
Furthermore, some results and conclusions can be gener-
alized to a wider semiconductor class in order to establish
a single mechanism of the nanorelief formation with the
predetermined properties.

1. Introduction

2.1. Samples

A set of the same-type samples of the single-crystal
gallium arsenide polished on both sides to a mirror shine,
was used for the experiment. N-type conductivity sam-
ples, doped with antimony to the concentration of charge
carriers 3x1019 cm®, were used. The samples were cut
into ingots sized 1x2x0.2cm. Before carrying out the
experiment, the samples were cleaned with alcohol and
washed in deionized water. After completion of the ex-
periment, the samples were dried in a stream of nitrogen
and kept in the open air for 3 months.

2.2. Device

The Teflon e ectrochemical cell was used for the n-
GaAs dectrochemical etching. The three-electrode mode
was used. The platinum plate was used as the cathode, the
semiconductor sample was used as the anode, the chlo-
rine-argentum electrode EVL1M3 was used as the com-
parison electrode. The potentiostat of MTech SPG-500S
model was used. The etching device was equipped with a
Teflon stirrer to stir the electrolyte during the electrolysis
and to outflow the reaction products from the semicon-
ductor-electrolyte boundary. The platinum and semicon-
ductor plates were placed pardlel to each other and per-
pendicular to the electrolytic cell bottom. The distance
between the anode and the cathode was 1 cm.

2.3. Experiment Methods

The semiconductor plates were subjected to the
electrochemical treatment in the aqueous and alcohol acid
solutions (for convenience, water and alcohol electrolytes,
respectively). The following eectrolyte sets were used
(Table1). Hydrochloric, hydrofluoric, and nitric acid
solutions are selective etchants for GaAs.

The etching was carried out by the following
method: After immersion of the semiconductor in the
electrolyte solution, the crystal treatment began at a volt-
age of U =1V. After every minute, the anodizing voltage
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was increased by another 1V, and so on. Such actions
were carried out in order to determine the voltage U,, at
which the electrochemical dissolution process of the
semiconductor begins (the first critical point, or the start-
ing point of the electrochemical reaction).

Table 1. Electrolytes used for the experiment (v/v ratio)
Sample No.

Etching agent
HNO;:H,0O=1:4
HNO;:H,0:C,Hs0H =1:4:2
HF:H,0=1:4
HF:H,O:C,HsOH=1:4:1
HCI:H,0=1:4
HCI:H,0:C,Hs0H=1:4:2

OO B W|IN|F-

At this moment, the behavior of the samples was
visually observed and the current density values were
recorded. A sharp increase in the current was observed at
some value of the anodizing voltage (for each sample this
value is individual). After some anodizing time, the cur-
rent stopped rising, and was fixed at some value, or began
to decrease. This meant that the active process of surface
modification is being completed. The voltage value at this
moment of the etching is the second critical point. The
system was de-energized; the samples were kept in the
same electrolyte solution for another 1 min. After that, the
experiment was completed. All experiments were carried
out in daylight at room temperature (293 K).

2.4. Study Methods

The scanning electron microscope (SEO-SEM In-
spect S50-B) was used to study the morphology of the
GaAs modified surface. The quantitative and qualitative
characteristics of the nanostructures were determined by
the ImageJ software package. The component composi-
tion of the elements on the sample surface was studied by
the energy dispersion analysis with AZtecOne spectrome-
ter and X-MaxN20 detector.

3. Results and Discussion

As aresult of the experiment, it was found that the
active electrochemical reaction occurred in all composi-
tions of the tested electrolytes. The critical starting points
of the active electrochemical reaction and its completion
were recorded for all studied samples. According to the
results of the scanning electron microscopy, it was also
found that the sample behavior was significantly varied in
different electrolyte compositions during the electro-
chemical reaction. It was found that the surface microre-
lief is formed by different mechanisms, namely defective,
isotropic and crystallographic mechanisms depending on
the electrolyte anion involved in the electrochemical reac-
tion. Let us consider these cases below.
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3.1. Defective-Dislocation Microrelief

The GaAs electrochemical etching in HNO;3 acid
solutions occurs by the defective-dislocation mechanism,
at which the primary surface microrelief is formed by
etching the surface defects and releasing the dislocations.

Fig. 1 shows the dependence of the anodizing cur-
rent density on the etching time. It can be seen that a smi-
lar trend is observed in both compositions of the nitrogen
electrolyte solution (with/without adding the ethanol). The
current begins to increase dmost immediately from the
beginning of the eectrochemical reaction. A sharp in-
crease in the current density was observed aready in the
second minute of the etching in both aqueous and alco-
holic electrolytes. This indicates the active electrochemi-
cal process.

For the agueous electrolyte, a linear dependence
was observed until the second critical point is reached. For
the alcohol eectrolyte, a certain plateau was observed in
the current density values in the interval of 6-8 min of the
etching. As a rule, this plateau indicates that there is an
electrochemical reaction on the surface, but it doesn’t
move into the sample depth. Probably, the passivating
oxide film, which is formed during the eectrochemical
treatment of the sample in the first minutes of the etching,
was dissolved at this moment. The GaAs eectrochemical
etching in HNO; acid solutions occurs by the defective-
dislocation mechanism, at which the primary surface mi-
croreief is formed by etching the surface defects and
releasing the dislocations.

Fig. 2 shows the photomicrograph of the GaAs sur-
face after the electrochemical treatment in the agueous (a)
and agueous-alcoholic (b) nitric acid solutions, respec-
tively. It can be seen that the nitric acid is a selective etch-
ing agent for the n-GaAs there isa developed interface: on
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the surface, which can be described as a defective-
dislocation one. The surface morphology of the GaAs
sample, presented in Fig. 2a, shows the presence of the
steps resulting from the etching of the so-called “ disloca
tion walls’. There are also many oxides on the surface. In
Fig. 2athey are visible as white stripes and porous clouds.
The transverse size of the strip is 100 nm; its length is
200 nm.
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Fig. 1. Dependence of current density value on GaAs etching
timefor dectrolyte solutions HNO3 H,O=1:4 and
HNO3:H,0:C,H:OH =1:4:2

When adding the ethanol to the eectrolyte, it is
etched without forming the oxide islands (Fig. 2b). In-
stead, it is possible to observe the developed microrelief
that contains the deep holes — the etching places of the
dislocation. The plates stacked on top of each other are
also observed. Thus, the etching in the nitric acid solutions
is an anisotropic one against the n-GaAs and helps to
detect surface defects.

Fig. 2. SEM-image and EDX analysis of GaAs surface after electrochemical treatment in nitric acid solution:
a—HNO;:H,0=1:4; b — HNO3H,0:C,HsOH =1:4:2
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Table 2 shows the proportion of components on the
surface of the samples after electrochemical etching. It can
be seen that in both cases there was a violation of
stoichiometry in the direction of an excess of arsenic. A
possible explanation for thisis that arsenic binds better to
oxygen ions in the eectrolyte and is deposited on the
surface of the sample in the form of an oxide. When etha-
nol is added to the electrolyte solution, we observe an
almost complete absence of oxygen on the surface, which
indicates that the reaction products did not settle on the
surface of the sample.

Table 2. Ratio of components on the surface
of samples after electrochemical etching in nitric acid
solutions (At %)
Electrolyte Ga As o]
HNO;:H,0=1:4 30.51 50.44 19.05
HNO;:H,O:C,H:OH =1:4:2 | 42.34 56.60 1.06

3.2. Isotropic Microrelief

The GaAs dectrochemical etching in the hydroflu-
oric acid solutions leads to the formation of the isotropic
microrelief, i.e., the relief without expressed growth direc-
tions of the pores and etching pits. The sample surface is
characterized by a large number of small shallow pores.
The absence of the pore advancement into the crystal
volume is due to the fact that a dense passivating film is
formed on the GaAs surface during the electrochemical
etching, which prevents the advancement of the etching
front into the crystal depth. Over time, this film is etched,
forming networks of shallow holes on the GaAs surface.
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The formation of aloose oxide layer of the cloud type can
also be observed (Fig. 38). Such structures are formed
during the depasition on the crystal surface of the reaction
products adsorbed from the electrolyte solution. Most
likely, the oxide is present on the surface in an amorphous
State.

When the ethanol is added to the electrolyte solu-
tion, the surface becomes more relief (Fig. 3b). The pres-
ence of oxide is not observed on the surface. The large-
scale etching pits can aso be seen, which can indicate the
etching process of the defects and dislocations. That is, the
addition of ethanol to the HF aqueous solution allows the
transition from the isotropic etching to the defective-
dislocation one.

Fig. 4 shows the dependence of the current density
on the etching time in the agueous and alcoholic solutions
of the hydrofluoric acid. It can be seen that in these elec-
trolyte compositions the active eectrochemical reaction
begins later than for the nitrogen electrolytes — at the 3rd
and 4th minutes for the alcohol and water dectrolytes,
respectively. The hydrofluoric acid is active against the
GaAs surface, so it is etched not only in the defective
areas of the sample but over the entire surface. We can
observe the presence of a small plateau of the current
density values for both alcohol and water el ectrolytes with
the subsequent sharp rise. Such “steps’ arise due to the
fact that in the hydrofluoric acid it is etched due to two
competing mechanisms: defective dislocation and sowing
pore formation. Therefore, the preferred mechanism (es-
pecially for the water-electrolyte) is the sowing pore for-
mation, which leads to the formation of the additive mi-
crorelief.

Fig. 3. SEM-image and EDX analysis of GaAs surface after electrochemical treatment in the hydrofluoric acid solution:
a—HF:H,0=1:4; b — HF:H,O:C,H;OH =1:4:2
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Fig. 4. Dependence of current density value on GaAs etching
timefor electrolyte solutions HF:H,O=1:4 and
HF:H,O:C,H;0H =1:4:2

Table3 shows the composition of samples after
electrochemical etching in a hydrofluoric acid solution. In
an aqueous solution of hydrofluoric acid, the eectro-
chemical reaction occurred with significant oxidation of
the surface. It is possible to observe almost complete
overgrowth of the surface with an oxide film, which is
confirmed by the above SEM data. As in the case of nitric
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acid, ethanol prevents reaction products from settling on
the surface and better removes them from the electrolyte

solution. Isolated clouds are observed, which are oxide
inclusions on the surface.

Table 3. Ratio of components on the surface of samples
after eectrochemical treatment in hydrofluoric acid solu-
tions (At %)

Electrolyte Ga As @)
HF:H,O0=1:4 27.37 34.37 38.26
HF:H,O:C,H;:OH=1:4:1 | 41.69 47.08 11.23

3.3. Crystallographic Microrelief

In our opinion, the most interesting case is the for-
mation of a crystalographic microrelief on the GaAs
surface. Such surfaces were obtained by electrochemical
etching in the hydrochloric acid solutions. Thus, when
using the aqueous electrolyte HCl:H,0O=1:4, the parald
etching pits, which are directed along the direction <111>,
were formed on the n-GaAs surface (Fig. 5a). The pores
were small enough and tightly packed. This pore type is
called “ crysto” due to its clear crystalographic direction.
The GaAs etching in the HCl aqueous solution was with-
out forming the oxide film.

Fig. 5. SEM-image of GaAs surface after e ectrochemical trestment in nitric acid solution:
a—HCI:H,0=1:4; b — HCI:H,0:C,Hs;OH =1:4:2

When adding the ethanol to the electrolyte solution,
a dear etching is observed in the crystallographic direc-
tions (Fig. 5b). The etching pit has a diamond shape, the
faces of which coincide with the directions <111> A and
<111> B. It can aso be seen that the poreis etched in the
layers, forming the steps. It has the shape of a regular
guadrangular pyramid. The face length is 5 um. Further-
more, the pore cracking along the pyramid diagonals can

be observed. This indicates the etching of the dislocation,
which came to the surface. That is, this microrelief type
can be classfied as a crystallographic-defective one, i.e.,
mixed.

The hydrochloric acid shows a strong selectivity
against the n-GaAs surface. When using the aqueous solu-
tion, the active increase in the current density is already
observed in the second minute of the etching (Fig. 6). In
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the third minute of the etching the process slows down a
bit, but the current continues to increase. The plateau in
thetime interval of (3-5 min) is observed for the alcohalic
solution of the eectrolyte. This indicates that the main
electrochemical processes are on the crystal surface. The
acid anions, appropriate for the crysta surface, are not
enough to carry out the etching in this mode. As the val-
ues of the applied potential increase, the process is intensi-
fied. In the interval of 5-6 min we can observe a sharp
increase in the etching rate. Apparently, it was at thistime
that the etching front was advanced into the crystal depth
and the crater-like crystallographic pores were formed.
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Fig. 6. Dependence of current density value on GaAs
etching timefor eectrolyte solutions HCI:H,0=1:4
and HCI:H,0:C,H;:0H=1:4:2

Table 4 shows the composition of the samples sur-
face after electrochemical etching in hydrochloric acid
solutions. In contrast to the previous two cases, the addi-
tion of ethane leads to the formation of an oxide film on
the surface, while etching in an agueous solution occurs
almost without the precipitation of oxide compounds. This
may be due to the high selectivity of hydrochloric acid
toward the GaAs surface. From the first minutes of etch-
ing, the surface of the sample began to be etched without a
transitional oxide stage. When ethanol is added, the sam-
ple solubility of the surface decreases, and in the first
minutes of etching a dense oxide layer isformed, whichis
dissolved by the breakdown mechanism at later stages of
etching.

Table 4. Ratio of components on the surface of samples
after electrochemical treatment in hydrochloric acid solu-
tions (At %)

Electrolyte Ga As O
HCI:H,0=1:4 43.24 55.73 1.03
HCI:H,0:C,HsOH=1:4:2 | 32.72 29.35 37.93
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3.4. Characterization of the Electro-
chemical Process

Thus, the devel oped morphology, formed on the sur-
face of the galium arsenide during the eectrochemical
etching in the acid solution has been shown by us. It is
interesting to compare the behavior of the semiconductor
samples in different eectrolyte compositions. As noted in
the “ Experiment” section, we did not found the fixed treat-
ment times, as well as the anodizing current and voltage.
The etching process was with a gradua increase in the
applied potential, and the conclusions about the stages of
the dectrochemical reaction were made according to the
current values. When the current val ues were decreased, the
process was stopped. Therefore, the treatment time is indi-
vidual for each sample. Furthermore, the start and end time
of the active phase of the eectrochemical reaction (dissolu-
tion of the sample surface) was recorded. These values
were obtained when analyzing the jumps of the anodizing
current and fixing the critical points (Figs. 2, 4, 6).

Fig. 7 shows the time diagrams of the electro-
chemical treatment of the n-GaAs samples in different
electrolyte compositions. The total treatment time tgm
(meaning the time that the sample was etched when the
external potential was applied) is most important for the
aqueous solution of the hydrofluoric acid, least important
for the agueous solution of the hydrochloric acid (10 and 6
min, respectively). Thus, for the specified etching condi-
tions and sample parameters, the hydrochloric acid shows
greater selectivity against the n-GaAs surface compared to
the hydrofluoric acid, i.e., the reaction rate is higher when
using the electrolytes based on the hydrochloric acid. It
should be noted that the reaction rate is a parameter de-
pending on many factors (date of the sample surface, its
characteristics, external conditions of the experiment, etc.).
Therefore, the results can significantly differ under other
conditions.

HCEH,O0:CH,OH B . min
]t min
HCEH,0 . Lo R

HF:H,0:C,H;0H

HEH,0

HNO, H,0:C,HOH

HNOSH,O

g 2 4 6 8 10

Fig. 7. Time diagrams of electrochemical treatment of n-GaAs
samplesin different electrolyte compoasitions. Fig.: t; is the start
time of the active phase of the el ectrochemical reaction; t, isthe
end time of the active phase of the electrochemical reaction; tg,

isthetotal time during which the electrochemical trestment of

the sample was carried out
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One of the characteristics of the eectrochemical
process is also the difference between the start and end
time of the active phase of the eectrochemical process
At=t,—1t;. The highest value of At=2 min corresponds
to the aqueous solution of the hydrofluoric acid and the
alcohaolic solution of the nitric acid. This indirectly indi-
cates that the etching process in these el ectrolyte composi-
tions is uniform and slow. This result is well consistent
with the results of the scanning electron microscopy -
indeed, these samples have the most uniform surface mi-
crordief (Figs. 1b, 3a). The aqueous solutions of the hy-
drochloric and nitric acid, on the contrary, correspond to
the lowest value of At =3 min. This means that the elec-
trochemical process for this eectrolyte type is very in-
tense.

Fig. 8 shows the current density values during the
GaAs electrochemical treatment at the beginning and after
completion of the active phase of the eectrochemical
reaction. It can be seen that the highest current density
values were recorded for the electrochemical reaction in
the solutions of the hydrochloric acid.
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Fig. 8. Critica point values of current density for electrochemi-
cal treatment of n-GaAs samplesin different e ectrolyte compo-
sitions: j; isthe current density at the beginning of the active
phase of the eectrochemical reaction; j, is the current density at
the end of the active phase of the electrochemical reaction, Aj is
the difference between j, and j;

This indicates that in such eectrolytes, the etching
front is actively moving into the substrate depth, and the
passivating coatings are not formed. Such results are well
consistent with the results of SEM-analysis (Figs. 5a, b).
For these el ectrolyte compositions, we also have the high-
est values of Aj = j,—j;, namely 139 and 162 mA/cn for
the water and alcohol electrolytes, respectively. The high
value of Aj indicates that at the beginning of the electro-
chemical treatment of the GaAsin hydrochloric acid solu-
tions the surface was not actively dissolved. Apparently,
thisis due to the acid concentration and its chemical activ-
ity against the n-GaAs surface. In this case, the applied
potential is the decisive factor. As the potential increases
over time, the electrochemical process of the crystal sur-
face dissolution becomes faster. It should be also noted
that the values of both j, and Aj are higher for the alco-
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holic solution than for the aqueous solution. This indicates
that in this case, the alcohol is areaction accelerator, help-
ing the outflow of the reaction products from the sample
surface. The lowest value of Aj is observed for the hydro-
fluoric acid solutions: 88 and 77 mA/cm? for the agueous
and alcohol eectrolytes, respectively. Thus, the alcohol
electrolyte has alower value of Aj, which is primarily due to
the fact thet j; for the eectrolyte HF:H,O:C;HsOH has the
highest value compared to other dectrolytes — 39 mA/cnt’
Therefore, this eectrolyte composition is ideal for forming
the dense porous layer on the n-GaAs surface. The values
of Aj for the electrolytes based on the nitric acid are quite
adequate to the values of j, and j;.

The critical values of the beginning voltage U; and
the end voltage U, of the active phase of the electro-
chemical reaction are shown in Fig. 9. It can be seen that
for the electrolytes, which contain the nitric and hydro-
chloric acid, the value of U; =2 V. For the agueous and
alcohalic solutions of the hydrofluoric acid U; and U, the
values are 4 and 3V, respectively. Hence, the eectro-
chemical reaction in the aqueous solution of the hydroflu-
oric acid was carried out the longest — U,=10V. The
explanation for this phenomenon was higher because the
voltage depends on the etching time according to the elec-
trochemical treatment modes chosen by us. Note only that
understanding the behavior of the GaAs semiconductor in
different electrolyte solutions allows to create the nanos-
tructures with predetermined controlled properties. As a
result, the important point is the choice of the treatment
mode — at the fixed (constant) values of the current or
potential. The studies, presented by us, allow to choose a
comfortable mode for achieving the planned result.

HF:HLOCHOH

Potential, V
HNO;H,0

1 2 3 4 5 6

Fig. 9. Critica point values of applied voltage during dectro-
chemical treatment of n-GaAs samplesin different electrolyte
compositions: U; is the current density at the beginning of the
active phase of the el ectrochemical reaction; U, is the current
density at the end of the active phase of the el ectrochemical
reaction

Also, note that semiconductor etching is a multi-
stage process involving the oxidation and subsequent
dissolution of the formed oxide. It can be assumed that if
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the concentrations of the oxidizing reagent are low, the
reaction rate will determine the oxidation process, while if
the concentrations are high, the reaction rate will be lim-
ited to the oxide dissolution. Furthermore, in some cases,
the oxidation of the semiconductor surface does not occur
at al, it can contribute to a higher rate of the electro-
chemical reaction and the formation of the developed
micromorphology on the surface. It should be also noted
that uneven etching of the crystal surface can occur when
some arees of the surface behave as anodes or cathodes
due to the variations in the material composition on the
surface. Such behavior can be due to the presence of de-
fects, inclusions, etc. Thus, the release sites of the disloca-
tions on the surface can act as anodes. In this case, the
formation of the dislocation etching pitsis observed.

3.5. Limitations and Prospects
for Further Research

It isworth noting that the electrochemical reactions
that occur at the eectrolyte/semiconductor interface are
quite complex and depend on many factors. This is how
electrochemical methods differ from many others. Thus,
the result of the electrochemical dissolution of the crystal
is smultaneously influenced by both the initial properties
of the sample and the experimental conditions themselves.
Therefore, changing any parameter changes the behavior
of the entire system. The results presented in the article
are vaid only for the conditions described in the etching
conditions article and for samples with characterigtics
identical to the sdected ones. However, our studies help
to partially understand how the composition of the electro-
Iyte can affect the morphological characteristics of the
samples. We did not focus our attention on the electro-
chemical processes themselves, which obviously require
further research. Research is also needed to establish the
influence of process mechanisms on the properties of
crystals and their surface characteristics. Such studies are
necessary to unify requirements for nanotechnological
products and to establish optimal modes of el ectrochemi-
cal processing of crystals.

4, Conclusions

The modification of the n-GaAs surfacein the elec-
trolyte solutions by applying the external potential (elec-
trochemical etching) is a complex physicochemical proc-
ess that depends on many factors. The selection of the
electrolyte concentration and composition allows to im-
plement the controlled modification of the GaAs surface
aswell as to create the interface with a unique micromor-
phology. We demonstrate the synthesis on the n-GaAs
surface of the defective-dislocation, isotropic and crystal-
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lographic morphologies in the aqueous and alcoholic solu-
tions of the nitric, hydrofluoric, and hydrochloric acids,
respectively.

Among the important observations of the experi-
mental studies, presented in this paper, are as follows:

1. For initiating the active phase of the dissolution
of the semiconductor surface, it is necessary to apply the
appropriate voltage - the critical voltage of the beginning
of the electrochemical reaction U;.

2. For different electrolyte compositions the value
of U; is determined individually. It should be noted that it
depends not only on the acid composition and concentra:
tion in the electrolyte but aso on other treatment modes
and the state of the semiconductor surface.

3. During the GaAs dectrochemical etching, the
oxide films and islands are formed on the surface under
certain conditions and electrolyte compositions. These
films can be the passivating coating, on the other hand —
they can impact the optical and physical properties of the
devices, so their control is extremely important.

4. The electrochemical dissolution of the crystal is
limited in time. There is a point at which the values of the
anodizing current begin to decrease. This indicates that the
active phase is being completed and the etching process
can be stopped. The nature of this phenomenon should be
discussed separatdy, but it can be said that it depends on
the electrolyte depletion and partial passivation of the
sample surface.

5. The introduction of the ethyl alcohol into the
electrolyte solution allows to clean the surface from the
formation of the oxide film by initiating a faster outflow
of the reaction products from the sample surface. In some
cases, the ethyl alcohal is also used as an accelerator of
the electrochemical reaction.
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MOJUPIKALIA ITIOBEPXHI APCEHIAY I'AJITIO
EJIEKTPOXIMIYHUMMU METOJJAMMU B PI3HUX
KOMITIO3UIIAX EJIEKTPOJIITIB

Anomauyin. Buceimieno docniodcenns mooughixayii nogep-
xni N-GaAS memooom enekmpoximMiuHo20 MpaesieHHst @ Pi3HUX KOM-
nosuyisx erekmponimig. Jlocniodceno mooicnugicmo opmysanms
PIi3HUX munig Mikpomopghonocii Ha idenmuynux spaskax GaAs,
30Kkpema  opmyeants Kpucmanioepagiunux, Oehekmuo-oucioKa-
Yitinux ma i30monHux inmepghericie.

Knrouoei cnosa. mikpomopghonozisi, enekmpoximiyne mpag-
JIeHHSL, eNLeKMPOXIMIUHA PeaKyis, eleKmpoim, Hanpy2a aHoOY8aHHs.



