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Al-rich AlGaN:Si layers and monolayer superlattices (digital alloys)
(GaN/AIN):Si grown by plasma-activated molecular beam epitaxy
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The growth features of n-doped ultrashort-period monolayer superlattices GaN/AIN:Si superlattices — digital
alloy with a minimum AIN (x) content of up to 85 %, which can replace conventional Al,Ga;_,N:Si compounds
with a similar x, using plasma-activated molecular beam epitaxy are described. It is shown that the original
technology of pulsed plasma-activated molecular beam epitaxy in metal-rich conditions allows growing GaN,,/AIN,,
digital alloys with layer thicknesses in monolayers (1 ML =0.25nm) 0.5 <m < 2ML, 2 < n < 6 ML and a total
thickness of ~ 500nm. Digital alloys exhibit a planar, atomically smooth surface morphology with a root-mean-
square roughness of < 0.39 nm over all scan areas up to (10 x 10) um®. In contrast, AlGaN layers exhibit a
grainy surface morphology with an average grain diameter of ~ 300 nm, resulting in an increase in root-mean-
square surface roughness of > 2nm over scan areas > (3 x 3) um?. This difference is attributed to the different
growth mechanisms of digital alloys and layers: while the former grows according to a two-dimensional nucleation
mechanism, the latter follows a spiral growth mechanism. X-ray diffraction measurements revealed submonolayer
(~ 0.3 monolayer) control accuracy for the thickness of GaN and AIN layers in digital solid solutions, ensuring x
was specified with an accuracy of 3—7 %. Comparative studies of n-doping of GaN/AIN digital alloys with silicon
demonstrated a maximum electron concentration of up to ~ 10" em™> for digital solid solutions with x = 0.7
and the possibility of obtaining conductive layers of digital solid solutions up to x = 0.85, while in Al,Ga;_,N:Si
layers with the same x, the electron concentrations were an order of magnitude lower and at x > 0.8, a semi-
insulating nature of conductivity was observed. These results indicate the possibility of using n-doped digital alloys
(GaN/AIN):Si with high x (up to 85%) in device heterostructures.
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1. Introduction

For the last two decades globally the physics and technol-
ogy of semiconductor optoelectronic devices of ultraviolet
(UV) range are developing actively, and are supposed
to substitute the currently widely used lamp mercury-
containing devices. If semiconductor light-emitting and
photodetection devices operating in the UV-A subrange
of wavelengths 1 = 360—400nm, are already commer-
cially manufactured, and their characteristics are close
to record characteristics of similar devices of the visible
subrange, for the devices of other UV-subranges (UV-B:
A =280-315nm and UV-C: 1 =200—280nm) it cannot
be stated [1]. Devices operating in these subranges are
characterized with shorter service lives of devices and
considerable (by orders of magnitude) fast degradation of
characteristics that increases non-linearly as the wavelength
shortens.

For development of the UV optoelectronics in the
wavelength range from 200 to 355 nm, the most promising
material base are wide-bandgap compounds of III group
Al,Ga;_,N, which form a continuous series of thermo-
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dynamically stable solid solutions in the entire range of
compositions x = 0—1 with bandgap width from 3.4 to
6.1eV accordingly. The first UVC light diodes were
implemented in the beginning of 2000s [2], and currently
the relevant objective for these instruments with working
A >265nm is to achieve in 2027 a quantum efficiency
of ~ 30%, which corresponds to the efficiency of lamp
emitters (A = 253.7nm).  Besides, today UVC photo-
and light diodes operating in a so called ,far UVC*
subrange of 1 < 240nm are in high demand. However,
development of such UVC short wave instruments based on
AlGaN-heterostructures with high content of AIN (> 70 %)
compounds encountered serious problems in the production
of highly conductive layers both with p- and n-type of
conductivity, and also with the difficulties to make low
ohmic contacts for them [3,4].

To solve the identified problems, one of the most
promising approaches is replacement of solid solution
AlGaN layers in instrument designs with ultra-short period
superlattices N x (GaN,/AIN,), where N — number of
periods, m and n — thicknesses of GaN and AIN layers
expressed in monolayers (thicknesses of 1 ML ~ 0.25 nm),
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Figure 1. Timé diagrams of operation of growth source shutters in the PA MBE unit in growth of layer AlysGao 3N by PMBE method (a)

and DA L x {6 x (GaN/AIN4)} with the same x = 0.8 (b).

which are usually called digital alloys (DA) [5]. Typical
values N are several hundreds, and values m and n vary
from submonolayer level to several MLs. Such DAs have
already been grown using ammonia molecular-beam epitaxy
(MBE) in the beginning of 2000s by Temkin—Nikishin
group to manufacture the first UVC light diodes and photo
diodes [6,7]. Recently a group from the Nanjing University
with the participation of H. Hirayma group [8] used plasma-
activated MBE (PA MBE) to grow DAs GaN/AIN with
record values of electron concentration 4.35 - 10'* cm™—3 and
specific resistance of 0.036 Ohm - cm for DAs with average
content of AIN 83 %.

This paper compares the mechanisms of epitaxial growth
of volume layers in ternary alloys Al,Ga;_,N:Si and DA
N x(GaN,,/AIN,):Si with high average content of AIN
x =0.45—-0.85 on AIN/c-Al,O3 templates using pulse
methods of plasma activated MBE (PA MBE) in metal-
enriched environment. It is demonstrated that due to various
growth mechanisms the DA layers have a substantially
more planar atomically smooth topography of the surface
compared to AlGaN layers of a close composition, the
surface of which consists of individual grains with clear
grain boundaries, which increases roughness RMS of the
layers. Besides, most optimal parameters of DA with
average content of AIN > 70% are being discussed, which
provide for their most effective donor doping with silicon.

2. Experiment

All samples of AlGaN layers and DAs were produced
using PA MBE on a pre-annealed and nitridized substrates
c-AlLO3 with AIN-bufer layers, the growth of which we
described in paper [9]. First the nucleating layer of AIN
was grown with thickness of 65nm. For its growth the
epitaxy was used with higher migration of atoms at substrate
temperature Ty = 780 °C. Further growth of the buffer layer
with thickness of up to ~ 1.5um was carried out using
metal-modulated epitaxy (MME) at variable ratio of Al

and activated nitrogen flows Fp;/Fn, > 1.1, which varied in
accordance with the change of Ty from 780 to 850 °C. MME
parameters prevented formation of metal (Al) drops and
provides for the reduction of total concentration of growing
dislocations to the level of < 5-10° cm?.

Thick layers of Al,Ga;_,N:Si (0.45 <x < 0.85) with
thickness of ~ 500nm were grown at different values
of Tg = 680—710°C (with setting accuracy of +5°C) in
highly metal-enriched conditions with the ratio of total
flow of III group atoms Fyy = Fa1+ Fga and activated
nitrogen Fii/Fn, ~ 2. These conditions provided for the
control of Al content using a simple ratio x = F1/Fn,. To
prevent formation of Ga drops, the technology of pulse
MBE (PMBE) was used with short stops, the duration of
which provided for complete desorption of excessive Ga
with the desorption speed of F =0.15-0.42ML-s~! in
the corresponding temperature range of 680—710°C [10].
Al desorption in this temperature range is practically absent.
Timé diagrams of operation of each of the molecular beam
shutters during PMBE of two periods in AlygGag,N-layers
are given in Figure 1,a.

Figure 1, b shows the operation of unit shutters in process
of growth of two DA periods with x = 0.8 in the form
of ultrashort-period superlattice L x {K x (GaN,,/AIN,)}
atm=1,n=4, K =6, where K — number of DA periods
during each growth stage with the duration of 7, and inter-
ruptions between them lasting #;, L — number of growth
stages in the DA layer. For variation of x within 0.7 to
0.85 the DA parameters changed within 0.5 <m < 2ML,
2 < n < 6ML, and the average composition was controlled
using formula x =n/(m+n). All DA layers had ap-
proximately the same thickness of 500nm, which was
achieved through corresponding change of the total number
of periods using formula N =K - L, K = 6.20, L = 32—48.
DA growth was happening only during the growth stage
noted in the figure with continuously open shutters of
nitrogen and gallium flows. The position of the Al-source
shutter varied periodically, and in the open position the
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AlN-layers were growing with simultaneous accumulation of
excessive Ga, and when it closed, GaN layers were grown.
The growth of GaN/AIN with the simultaneous presence of
Ga and Al adatoms on the surface is based on incorporation
in exclusively Al atoms into the lattice with complete
suppression of Ga atoms incorporation in as a result of
higher bond energy in AIN (2.88eV) compared to GaN
(2.24eV) [11]. To prevent growth of AlGaN layer instead
of the specifeid AIN layer and precise control of GaN-insert
thicknesses, it is necessary to precisely maintain the ratio
Fai/Fn, > 1. Since the growth of both layers in DA was
happening in metal-enriched conditions, their thicknesses
were defined by simple ratio m(n) = Fx, X (), Where
tmny — duration of closing (opening) of the Al-source
shutter, Fn, = 0.45—0.5ML/s with accuracy of maintaining
in 0.02 ML -s~! within a single process. During the stop of
DA growth for the time ¢#;, complete desorption of excessive
Ga accumulated during the growth stage was taking place.
All layers and DAs were continuously doped with silicon
using a standard solid state source.

The growth of the samples was continuously controlled
in situ using reflection high-energy diffraction (RHED) and
laser reflectometry. The morphology of the grown layers and
DAs were studied using a scaning electron and an atomic
force microscropes (SEM and AFM, accordingly). The
average composition of the layers and thicknesses of layers
in DA were assessed using X-ray diffraction measurements
conducted on a unit of JSC Research Center ,,Burevestnik®
DRON 8T. Concentrations of charge (electron) carriers in
the layers were defined using C—V-method with a mercury
probe. Besides, the spreading resistance (Rs,) was measured
between two drops of In with the values of diameters and
distances between them of 2 and 5 mm, accordingly.

3. Results and discussion

3.1. Mechanisms for growth of AlGaN layers
and digital alloys GaN/AIN

Difficulties of epitaxial growth of the layers of Al-
containing nitride compounds of group III are caused by
several problems. First of all, they are related to low
surface mobility of Al adatoms, which results in the
need to increase the growth temperatures of Al-containing
compounds. However, in highly vacuum conditions of
PA MBE (< 5-107°Torr) the capabilities of increasing
the growth temperatures are limited to limit values of
growth flows restricted to the violation of the molecular
mode of their flow in a growth chamber. Therefore, in
this paper to solve this problem, the alternative methods
of layer and DA growth in metal(Ga)-enriched conditions
were used, under which a bilayer Ga-adlayer is formed on
the surface of growing layers, which provides for higher
mobility of adatoms [12]. Besides, the production of
structurally perfect layers of ternary compound AlGaN
is complicated with a significant difference in the energy
barriers of the surface diffusion of Al (1.17eV) and Ga

4 Semiconductors, 2026, Vol. 60, No. 2

(0.99¢eV) adatoms [13], whcih causes disturbances in the
layerwise growth with the homogeneous spatial distribution
of cation atoms. And finally let us note the spontaneous
formation of superlattice structures in AlGaN-layers, which
is explained by the features of growth of these compounds
with the hexagonal structure of the lattice [14].

Figure 2 shows SEM- and AFM-images of the surface of
Alp.7Gag 3N layer grown with the help of PA MBE, which is
characterized by formation of grains with typical diameter of
~ 300nm and deep grain boundaries with depth of down
to 10nm. As a result, these layers demonstrate relatively
high root mean square (RMS) roughnesses of the surface,
reaching the same value of ~ 2.1nm at scanning areas
of 3x 3 and 10 x 10um?. In process of AFM-scanning
within the grain in the surface area of 500 x 500 nm? the
RMS roughness values were 1.8nm. Figures 2,¢ and d
show that the grains have a stepwise topography with flat
terraces having width of ~ 30—40nm and step height of
~ 2ML. The atomically smooth topography of terraces was
confirmed by linear RHED pattern observed continuously
during layer growth and shown in the insert to Figure 2, a.

The results of these studies confirm the growth of AlGaN-
layers in accordance with the classic helical (stepwise-layer)
growth mechanism of Burton—Cabrera—Frank [15], which
is usually implemented in the metal-enriched conditions of
layer growth ITII-N with the ratio of (Fiu—F)/Fn > 1 flows
and with high concentration of growing dislocations with the
screw component [16].

The results of our prior research [9] of the growth using
MME for the binary GaN and AIN layers also show the
helical growth mechanism, but the typical diameter of the
grains in them compared to AlGaN is larger and reaches
~ lum. It seems that this difference in the morphology
of the surface results in the substantially higher values
of surface roughness (RMS > 1.8nm) in AlGaN layers
compared to similar characteristics of the binary layers, for
which the typical values are RMS < 1nm [9].

The difference between the morphologies of AIN and
AlGaN layers, in our opinion, is first of all related
to the difference of temperatures of their growth that
was ~ 150°C. Since this temperature through Arrhenius
equation defines the equilibrium pressure for the growing
layer (Pq), you can expect substantially lower values (by
several orders of magnitude) for low temperature AlGaN
layers. The value of the critical (maximum achievable)
radius of grains (p.) in process of helical growth is inversely
proportional to the logarithm of oversaturation of growth
flows p. ~ 1/In(& + 1), where & = (P/P¢q) — 1 — oversa-
turation of the growth flow [17]. Accordingly, reduction of
Pq for AlGaN-layers must result in the reduction of p., and
this is observed experimentally (Figure 2,5 and Figure 6,d
in paper [9]). For the GaN and AlGaN layers grown at the
same temperature (~ 700°C) the large diameter of grains
is first explained by high equilibrium pressure of this binary
compound compared to equilibrium pressure of the ternary
compound [10]. Variation of the growth temperature of
Al,Ga;_ N (x > 0.7) layers within 660 to 720°C with
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Figure 2. AFM- and SEM-images of the Aly7Gag 3N:Si solid solution layer surface with thickness of 500 nm, grown on the AIN/c-Al,O3

template using PMBE.

preservation of metal-enriched conditions did not vary the
nature of layer topography, but resulted only in a small
increase of the grain radius and width of grain boundaries.

Contrary to AlGaN layers with the granular morphology
of the surface all GaN/AIN DAs demonstrated in SEM- and
AFM-images the planar and grain-free morphology of the
surface as shown in Figure 3.

Among potential microdefects observed in DAs, let
us note the presence of traces of a microdrop metal
phase shown in Figure 3,a on the surface of some
samples. These microdefects were formed in process of
growth under metal-enriched conditions in case of failure
to comply with the balance between the quantity of

Ga accumulated on the surface during the growth stage
0% = (Fga — FR) -1, — K - Fx,. - t,, and the quantity of Ga
desorbed during growth interruption Qf, = FY -1 The
surface morphology shown in Figure 3,a was observed
for the DA 32 x {20 x (GaNy9s/AIN,25)}:Si, and the
calculations using these formulae show that this growth
complied with inequation QO > Qg,.  However, for
DA 45 x {20 x (GaNg so/AIN2 )}, which shows planar
atomically smooth morphology shown in Figure 3, c, d, the
calculations show compliance with inequation Q&° < Q2,,
which indicates complete desorption of excessive Ga, when
growth stops. Note also low RMS roughnesses of the DA
surface, amounting to 0.32 and 0.39 nm for scanning areas of
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Figure 3. The AFM- and SEM-images of the DA layer surface with thickness of ~ 500 nm and x = 0.7, grown under different conditions:
32 x {20 x (GaNgos/AIN225)} at Q5 > Q8. (a,b) and 45 x {20 x (GaNg so/AlN2)} at Q5 < 0P, (¢, d).

3 x 3 and 10 x 10 um?, accordingly, which is substantially
lower than the simiilar characteristics of Aly;Gag 3N layers.

The substantial difference in morphologies of AlGaN lay-
ers and GaN/AIN DAs with approximately same thicknesses
(~ 500nm) and average content of AIN (x ~ 0.7) indicates
a fundamental difference in the growth mechanisms of
these layers, despite the use of approximately the same
metal(Ga)-enriched conditions during their growth with
values of Fiji/Fn, ~ 2 and T; ~ 690—700 °C. If in the first
case the layers show all main signs of helical growth, the
surface of DA layers demonstrates complete absence of
any signs of this growth mechanism, and the topography

4*  Semiconductors, 2026, Vol. 60, No. 2

of these objects corresponds to 2D-nucleation growth
mechanism.

Potential transition from the stepwise-laminar helical
mechanism of epitaxial layer growth to 2D-nucleation
growth mechanism was theoretically described in paper [18].
In this paper this transition was related to introduction of
elastic stresses in growing heterostructures, which change
the thermodynamics/kinetics of formation of steps and
nucleation processes of 2D-islands on the terraces in process
of stepwise-laminar growth. Therefore, you can assume
the relation of the observed differences in the growth
mechanisms in AlGaN layers and GaN/AIN DAs to the
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Figure 4. X-ray diffraction curves obtained in the mode of 20-w
DAs with different composition in the range of x = 0.6—0.85.

different nature of generation and evolution of elastic
stresses in these objects.

Besides, it is necessary to account for the potential
difference between the thermodynamic and kinetic features
of formation of these objects. When AlGaN-layers grow,
Al, Ga atoms are simultaneously incorporate into the lattice
of the AlGaN-layer, which results in the formation of spatial
irregularities of the composition, causing reduction in the
surface mobility of adatoms. Nevertheless, due to Ga-
enriched conditions, the growth of the ternary compound
layers happens in accordance with the helical mechanism.
In process of DA growth, alternating growth of binary
multi-layer AIN and GaN takes place under the conditions
of strong oversaturation with group III atoms (Ga) and
continuous generation of sign-alternating stresses due to
crystallographic mismatch between these layers. All of this
is likely to provide for the 2D-nucleation mechanism of DA
growth, but for more accurate and thorough description
of this phenomemon, further experimental and theoretical
studies are necessary.

3.2. X-ray diffraction studies

The compliance between the specified and measured
values of AlGaN layers and GaN/AIN DAs parameters (the
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difference of these values is further called precision) in
the area of average compositions x = 0.6—0.8 was tested
using X-ray diffraction measurements of 20-w curves. Figu-
re 4,a shows 20-w curves of Al,Ga;_,N layers measured
using a two-crystal geometry, which shows that as the
aluminum content increases, the diffraction peaks from
the Al,Ga;_,N layers approach the AIN peak, but after
reaching x = 0.8 further determination of the composition
is difficult. Therefore, in this area of compositions it is
necessary to use three-crystal geometry of measurements
with high angular resolution, which is provided in the
lower panel of Figure 4,a. The average compositions of
the layers determined in this manner in the assumption of
their coherent growth are given in the table. These values
demonstrate good (< 1%) agreement with the specified
values x = Faj/Fx,.

Figure 4,5 shows 20-w curves for several GaN,/AIN,
DAs with somewhat worse precision of determination
of superlattice parameters, which are given in the table.
The results of modeling of one of rocking curves used
to determine parameters of DA lattice, are given in the
lower panel of Figure 4,b. For DAs the precision of
determination of their average compositions was 3—7 %,
which was provided for by average precision of ~ 0.3 ML

Semiconductors, 2026, Vol. 60, No. 2
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Nominal and experimentally measured values of parameters of AlGaN layers and GaN/AIN DAs

Thickness of GaN, ML | Thickness of AIN, ML DA period, ML Al content (x)

Nominal | Experiment | Nominal | Experiment | Nominal | Experiment | Nominal | Experiment
AloAsGa()AN — — — — — — 0.60 0.61
Alo7Gag 3N - - - - - - 0.70 0.70
Al sGag 2N - - - - - - 0.80 0.81
DA-65 % 1.5 1.2 2.8 2.7 43 39 0.65 0.68
DA-75% 1.5 1.1 4.7 2.7 6.2 6.1 0.75 0.82
DA-85% 1.5 1.3 89 9.2 103 10.5 0.85 0.88

(~ 0.0762 nm) in the determination of the thickness of GaN
and AIN layers in the DAs. These errors, in our opinion,
arise for several reasons, including potential discrepancies
in the calibration of growth flows used to specify the lattice
parameters, and also consistent errors of X-ray diffraction
measurements of ultrathin layers of DAs with submonolayer
precision, which we described in paper [19].

It is important to note that the experimental 20-w curve
for 77 x {6x(GaN;,/AIN,7)} (x = 0.68) DA shown in
the lower panel of Figure 4, b shows additional peaks that
correspond to the formation of the periodical structure with
a noticeably higher period equal to the thickness of six
periods specified by DA. Appearance of these features may
be explained by parasitic growth of superthin GaN inserts
in process of periodical stops of growth after the growth of
each 6 periods of DA. This growth is caused by parasitic
flow of plasma-activated nitrogen from under the nominally
closed shutter of the plasma source. The absence of the
signs of additional periodical structure formation in two
other structures seems to be related to a smaller number of
the periods in them. In any case these results indicate the
need for further optimization of the DA growth processes
in the Ga-enriched conditions.

3.3. Measurements of electrophysical
characteristics

Measured electrophysical characteristics of Al,Ga;_,N:Si
layers confirmed the well-known complexity of donor
doping in the layers with high x. Figure 5,a shows
drastic reduction of electron concentration in the layers
at x > 0.55 until the semi-insulating behavior at x > 0.8,
which agrees with the data of the review articles [3,4].
Note good agreement between the measured C—V-method
electron concentrations and values of spreading resistance
(Rs), which were determined from the measurement of
current-voltage curves of conductivity between In-contacts
on the surface. Dependences shown in Figure 5,c¢ R;
on the temperature of the silicon effusion source (silicon
flow) demonstrate the possibility of conductivity control of
Al,Ga;_,N:Si layers until the maximum value of x = 0.7.
Measurements of spreading resistance for Al gGagoN:Si-
layer were single, therefore at smaller Si flows there was
no conductivity of the layers.

Semiconductors, 2026, Vol. 60, No. 2

According to the literature data, these results correspond
to both the icnrease of impurity ionization energy observed
at x > 0.8 and are also due to non-linear increase of
concentrations of various defects that decrease the electron
concentration. The speed of generation of these defects
increases sharply already upon achievement of the critical
concentration x ~ 0.6. These defects in AlGaN:Si layers
include deep DX-centers compensating defects in the form
of cation vacancy complexes Vi-Si and impurity carbon
atoms.

Optimization of AlGaN layer growth conditions with
high Al to minimize the concentrations of the defects
is a complicated task, since these defects demonstrate
complex and often opposite dependences of energy of their
formation on the growth parameters. Besides, it is necessary
to account for the limitations in the selection of growth
modes of PA MBE, among which let us note, for example,
the inability to use nitrogen-enriched conditions of growth
during the growth of the layers in the active and subcontact
areas of instrumental heterostructures, since this results in
the disturbance of the planarity of the surface morphology of
these layers. On the other hand, the use of too strong metal-
enriched conditions may result in the substantial increase of
leakage currents in the instrumental heterostructures.

Figure 5,b shows the dependence of electron concen-
tration in the DA series with the same x = 0.7, but
different values of thicknesses of m =0.7-2ML and
n=1.5—-4.7ML layers. It leads to the conclusion on the
more effective doping of DA with bilayer and fractional
thicknesses of GaN:Si-layers compared to the DA with
mono- and submonolayer thicknesses of these layers. The
maximum value of electron concentration 1-10' cm™3 is
observed in 21 x {20 x (GaN,/AIN4s)}:Si with x = 0.7,
whereas in the layer Alp7Gap3N:Si the concentration of
electrons is by an order less (~ 1.2 - 108 cm~3).

Relatively low values of R, in Figure 5,d measured
for various DAs with the maximum value of x = 0.85
in GaNj s/AlNg¢ (according to the table with the data
of X-ray diffraction measurements, the value of x in this
DA was 0.88), indicate a relatively effective transport of
carriers through tunnel-transparent dielectric AIN layers
with thicknesses of up to ~ 9 ML, which causes relatively
high DA conductivity. Note that as the Si flow grew
in the range that we studied, being limited by maximum
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Figure 5. & — dependences of electron concentration and spreading resistance in Al,Ga;_,N:Si layers on the content of aluminum
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temperature of the used effusion cell, only the improvement
of the doping characteristics was observed, which makes it
possible to assume minor concentrations of DX-defects in
the DA.

4. Conclusion

The paper demonstrated the promising outlook of using
n-doped DAs on the basis of ultrashort-period superlattices
N x (GaN,,/AIN,):Si with the total thickness of several hun-
dreds nm and controlled average content of AIN 40—85 %
as the alternative to standard layers of the ternary solid
solution Al,Ga;_,N:Si with the similar composition. The
fundamental difference was found in the mechanisms of
epitaxial growth of AlGaN layers and GaN/AIN DA with the
use of pulse methods of PA MBE under the metal-enriched
conditions. It is shown that the growth of all DAs happens
in accordance with the 2D-nucleation mechanism, whereas
the growth of AlGaN layers happens in accordance with
the stepwise-laminar (helical) mechanism. This difference
results in the substantial difference of surface charactteristics

of DAs and layers. If the first show planar atomically
smooth morphology of the surfaces with roughness RMS
of <0.4nm in all surface areas of AFM scanning of
< 10 x 10 um?, the AlGaN layers of the same composition
demonstrate typical RMS of > 2nm. Donor doping of
Al,Ga;_,N:Si layers found drastic reduction of electrons in
the layers with x > 0.55 from ~ 10 to ~ 1-10"¥cm—3
at x = 0.7, whereas DAs with the similar AIN content had
electron concentration of up to ~ 1-10' cm~3. Besides,
semi-insulating nature of conductivity of Al,Ga;_,N layers
with x > 0.8 was demonstrated, as well as n-conductivity
in the DA with the maximum value of x = 0.85.
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