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Abstract. Influence of growth-sector structure on electrical characteristics of Schottky
diodes and ohmic contacts fabricated on boron-doped high-pressure high-temperature
(HPHT) growth diamond was investigated by correlating electrical measurements with
p-FTIR mapping of uncompensated boron concentration. The studied substrates exhibited
pronounced multisectoral inhomogeneity of electrically active boron with systematic
variation between the principal growth sectors. The Schottky structures revealed two
characteristic transport regimes. In the lower-doped regions, the reverse current was mainly
controlled by localized shunting defects, whereas in the higher-doped regions it increased
strongly with uncompensated boron concentration and the contacts gradually changed their
behavior from rectifying to nearly ohmic one, consistent with increasing contribution of
tunneling-assisted transport. The specific contact resistance of the Ti/Pt/Au ohmic contacts
decreased with the boron concentration and exhibited clear dependence on growth-sector
affiliation. At comparable uncompensated boron concentrations, the contacts formed in the
(001) and (113) sectors exhibited lower specific contact resistance than those formed in the
(111) sector. The results demonstrate that the growth-sector structure of the boron-doped
HPHT diamond influences not only spatial distribution of electrically active boron, but also
transport characteristics of metal/diamond contacts therefore representing an important
technological factor in fabrication and optimization of diamond-based electronic devices.
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1. Introduction

Diamond is one of the most promising wide-bandgap
semiconductors for high-power and high-temperature
electronics owing to its high critical electric field strength
and carrier mobility, combined with record thermal
conductivity [1,2]. Furthermore, diamond exhibits
exceptional radiation resistance, making it ideal for use
in space research and other high-radiation environments.
At the same time, practical development of diamond
electronics remains limited by several materials and
technological challenges, including the restricted
availability of large-area native substrates, the need for
improved crystalline perfection of the device-grade
material, and the still insufficient reproducibility of
metal/diamond contact technology [1, 2].

Among these limitations, the role of extended
structural defects for Schottky and related metal/diamond
devices, where electrically active local defects may lead
to enhanced reverse leakage, degradation of rectification
and premature breakdown [3—6], is especially important.
Earlier studies have shown that so-called killer defects
can strongly degrade the reverse characteristics of diamond
Schottky barrier diodes. In particular, Ohmagari ef al.
demonstrated that local defects in diamond Schottky
diodes can be detected in nondestructive ways and are
directly related to degradation of the reverse characteris-
tics [3]. Umezawa et al. later showed that even under
relatively low electric field, a significant fraction of pseudo-
vertical diamond Schottky diodes exhibit enhanced
leakage current that cannot be explained by conventional
transport through the Schottky barrier alone [7].
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In that work, the high-leakage state was correlated with
the density of deep etch pits revealed after plasma
treatment, and the maximum operating voltage decreased
with the number of such defect-related pits. These results
indicate that the leakage behavior of diamond Schottky
diodes is often controlled not only by the ideal barrier
properties, but also by discrete crystallographic defects
that form localized current paths.

Further studies refined this picture by showing that
not only the presence of dislocations themselves, but also
the local morphology of the surface in their vicinity, may
be critical. Akashi efal. demonstrated that threading
dislocations affect the characteristics of diamond Schottky
barrier diodes [5]. Mikata et al. showed that influence of
a [001]-directed threading dislocation strongly depends
on whether the dislocation region contains pronounced
surface irregularities [6]. They found that diodes
fabricated on both pyramidal and flat hillocks containing
threading dislocations exhibited inferior forward charac-
teristics, but strongly enhanced reverse leakage was
observed only for pyramidal hillocks with large surface
protrusions, whereas flat hillocks without pronounced
surface relief preserved low reverse current. Thus, the
electrical effect of a dislocation can be amplified by local
near-surface geometry and interface state rather than is
defined solely by the dislocation core itself.

The importance of extended defects is not limited to
Schottky diodes. Pham ef al. showed for diamond MOS
capacitors that localized electrically active defect spots can
serve as conductive leakage paths and distort the capaci-
tance response. These spots were associated with defects
containing dislocation bunches [8]. Similarly, Ohmagari
et al. demonstrated for Schottky diodes on diamond
mosaic wafers that coalescence-boundary regions exhibit
higher leakage and poorer barrier characteristics, whereas
reducing dislocation density leads to much more uniform
device performance and breakdown fields above
3 MV cm ' [9]. Thus, the available literature consistently
shows that the electrical behavior of metal/diamond
structures is highly sensitive to the local defect structure
and its effect on the near-surface and interfacial regions.

High-pressure high-temperature (HPHT) growth is
one of the most promising methods for obtaining
semiconducting single-crystal diamond substrates, since
it enables direct incorporation of electrically active boron
during bulk crystal growth and allows growth of
relatively large crystals [10]. However, single crystals of
boron-doped diamond (BDD) typically exhibit a pro-
nounced growth-sector structure. Although a wafer cut
from such a crystal remains a single crystal with a common
macroscopic  orientation, different surface regions
originate from different growth faces, most commonly
(111), (113), (110), and (001). Because impurity incorpo-
ration and defect formation strongly depend on crystal-
lographic growth sector, the resulting wafer is laterally
nonuniform with respect to uncompensated boron
concentration and related electrical properties [10, 11].

This problem has been already identified by spectro-
scopic and nanoscale electrical mapping. In our previous
studies, correlated Kelvin probe force microscopy,

p-FTIR, and p-Raman analysis revealed a pronounced
growth-sector dependence of uncompensated boron
concentration, surface potential, and local strain in multi-
sector boron-doped HPHT diamond [11]. Subsequent
investigations of etched HPHT crystals and multisector
substrates further demonstrated that sector boundaries
and etch-pit regions are accompanied by local electro-
structural and morphological heterogeneity [12]. These
findings indicate that even in a wafer with a uniform
nominal crystallographic orientation, lateral electrical
landscape may substantially vary on a scale relevant for
contact formation and diode fabrication.

At the same time, the device-level consequences of
such growth-sector heterogeneity remain insufficiently
clarified. In particular, there are relatively few studies
devoted to lateral Schottky structures formed directly on
boron-doped HPHT diamond substrates, and even fewer
that compare the behavior of Schottky and ohmic contacts
within a single multisector crystal. This issue is impor-
tant because local uncompensated boron concentration is
unlikely to be the only controlling parameter. Local
defect structure, compensation, and near-surface state of
the crystal may also influence barrier height, reverse
leakage current, and specific contact resistance. In our
recent work on Au/Pt/Ni Schottky diodes on boron-
doped HPHT diamond, the current-voltage characteristics
(I-V) were shown to exhibit hysteresis and voltage-
dependent apparent barrier height, which were inter-
preted in terms of a thin dielectric interfacial gap and
deep levels with slow recharging kinetics [13]. That study
demonstrated that transport in HPHT-diamond Schottky
structures may be controlled not only by bulk doping
level, but also by interface-related and trap-related effects.

Against this background, the present work
addresses a more specific and technologically important
question: how the growth-sector structure of boron-doped
HPHT diamond affects the parameters of planar Schottky
diodes and ohmic contacts fabricated on the same wafer.
Special attention is paid to two interrelated aspects. The
first aspect is whether the reverse leakage and yield of
low-defect Schottky diodes are defined solely by the
local uncompensated boron concentration or are also
influenced by sector affiliation. The second aspect is
whether the specific contact resistance of ohmic contacts
exhibits  intrinsic  growth-sector  dependence  at
comparable doping levels. Clarification of these issues is
important both for physical interpretation of results of
transport measurements in multisector HPHT diamond
and for optimization of substrate selection and contact
technology for diamond-based electronic devices.

2. Experimental details

Single-crystal BDD was grown by the temperature-
gradient method under HPHT conditions in a Fe—Al-B—C
system at a pressure of 6.5 GPa and temperatures of 1380
to 1420 °C and at a controlled boron content in the growth
medium of 2:10*...10? at.%. The synthesized boron-doped
diamond single crystals exhibited cubo-octahedral habit
with predominantly developed {111} facets and corres-
ponding growth pyramids (Fig. 1a). Two [001]-oriented
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Fig. 1. (a) Schematic representation of a diamond single crystal indicating the crystallographic growth directions and the cutting
plane (red line) of the semiconductor wafer. (b) Spatial distribution of uncompensated boron concentration across the wafer surface

(sample A), obtained by the u-FTIR method.

substrates with a thickness of approximately 500 pm,
denoted as samples A and B, were mechanically cut from
two bulk diamond single crystals with the masses of 106
and 93 mg, respectively, and mechanically polished using
a set of cast iron discs and polishing emulsions to the sur-
face RMS roughness of about 0.3 nm for contact formation.
Lateral distribution of the uncompensated boron
concentration, [N,—N,], was determined by p-FTIR
absorption spectroscopy using boron-related absorption
bands [14]. Micro-FTIR mapping was performed in
transmission mode using a Bruker Hyperion II IR
microscope coupled to a Bruker Vertex 70V Fourier-
transform spectrometer. The spectra were recorded with
15x Cassegrain objectives in the 650...4000 cm ' range
at a spectral resolution of 4 cm'. Mapping was carried
out with a motorized XY stage using a 50 pm step and a
100x100 pm” aperture. The uncompensated boron
concentration was estimated from the intensities of the
boron-related absorption bands at 2800, 2450, and
1290 cm™" according to the procedure described in [14].
The investigated BDD substrates exhibited pro-
nounced multisectoral boron-concentration inhomoge-
neity, with the boron concentration decreasing in the
sequence of the (111), (113), and (001) growth sectors
(Fig. 1b). It should be emphasized that the growth-sector
structure does not imply variation in crystallographic
orientation across the wafer, since the wafer was cut from
a single crystal and therefore retained a common macro-
scopic orientation. The growth-sector structure rather
reflects simultaneous growth of several crystallographic
faces under the HPHT conditions, each face being
characterized by different boron incorporation and defect
formation kinetics. As a consequence, different regions
of the wafer, referred to as growth sectors, exhibit diffe-
rent uncompensated dopant concentrations. Each sector
is denoted by the crystallographic plane corresponding to
the growth face that form it, such as (111), (113), or (001).
Frequency histograms of [N,—N,] and the correspon-
ding in-plane concentration maps were used to identify
principal growth sectors and to assign each electrical struc-

ture to a given sector (Fig. 2). In both investigated sub-
strates, the highest uncompensated boron concentration
was observed in the (111) sector, an intermediate concen-
tration in the (113) sector, and the lowest concentration in
the (001) growth sector. The most probable concentrations
were 5.5-10", 1.95-10"®, and 0.75-10" cm > for the (111),
(113), and (001) sectors of the samgple A, respectively, and
1.25-10", 7.8-10", and 0.8-10" cm™ for the corres-
ponding sectors of the sample B. These values were used
throughout this work as characteristic uncompensated
boron concentrations in the respective sectors. The
concentration maps also served to identify structures
located on the sector boundaries; such structures were
excluded from the sector-resolved statistical analysis.

The parameters of the studied substrates A and B
are summarized in Table 1. The difference in the dopant
concentrations between the sectors increases with the
base concentration and may reach an order of magnitude,
significantly affecting device performance even when the
substrate is used merely as a substrate for CVD diamond
layer growth. p-FTIR—derived histograms of uncompen-
sated dopant concentration distributions across the
samples are presented in Fig. 2. The peaks correspond to
characteristic concentrations in different growth sectors
within the crystal.

To analyze the transport properties and their relation
to the defect subsystem, sets of ohmic and Schottky-
barrier contacts were fabricated. Before metallization, the
samples were subjected to multistep chemical cleaning in
order to remove graphite-like surface residues and
metallic contamination. The cleaning sequence included

Table 1. Growth-sector-dependent parameters of the investigated
boron-doped diamond substrates.

Orien- [N,— N4, cem’”
Sample .

tation (111) (113) (001)
A [001] | 5.5-10" | 1.95-10" | 0.75-10"
B [001] | 1.25-10 | 7.8-10"® | 08-10"
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Fig. 2. Frequency distribution of uncompensated dopant concentration across the sample surface obtained by the u-FTIR method.
The inset shows concentration maps of the samples with marked locations of the fabricated diode structures.

treatment in HCI:HNO; = 3:1 for 30 min, rinsing in
deionized water for 3 min, boiling in H,SO4;HNO; = 3:2
for 30 min, repeated rinsing in deionized water for 3 min,
washing in isopropanol for 5 min, and drying in a
nitrogen flow.

The contact structures were formed by optical
lithography and metal deposition. A positive photoresist
layer (ECI P 3027, MicroChemicals) with a thickness of
2.7 um was spin-coated at 4000 rpm for 30 s, and the
topology was patterned using a 405 nm laser writer.
Ohmic contacts were fabricated by deposition of
Ti/Pt/Au layers with thicknesses of 38/75/50 nm,
followed by lift-off and rapid thermal annealing at
600 °C for 60s. Schottky barrier contacts were then
formed in a second lithography step by deposition of
Ni/Pt/Au layers with thicknesses of 75/75/50 nm,
followed by rapid thermal annealing at 250 °C for 60 s.

The device layout included arrays of lateral
Schottky diodes and transmission-line-model (TLM) test
structures (Fig. 3). The topology comprised circular
Schottky contacts of different diameters combined with
surrounding ohmic pads, as well as linear TLM patterns
with interelectrode spacing L, =10, L, = 12, L; = 15,
L, =20, Ls = 30, Lg = 40, and L; = 50 pm, strip width
W =300 um, and contact length L =45 pm.

For the sample A, a total of 150 planar Schottky
diodes of various diameters were fabricated, whereas
75 planar Schottky structures were fabricated on the
sample B. For analysis of reverse leakage statistics, a
subset of equal-area diodes with a barrier-contact radius
of 25 um was selected. Ohmic-contact parameters were
evaluated using dedicated TLM structures and were
additionally compared with the values inferred from the
forward branches of the Schottky-diode /-V characteris-
tics. I-V characteristics were measured for all the fabri-
cated structures at room temperature. The subsequent
statistical analysis was focused on correlating the local
uncompensated boron concentration and growth-sector
affiliation with the reverse leakage of the Schottky diodes
and the specific contact resistance of the ohmic contacts.

3. Results and discussion

The electrical measurements revealed that the growth-
sector structure of the investigated BDD substrates affects
the transport characteristics at two different levels. First,
because the uncompensated boron concentration varies
strongly from one growth sector to another, the barrier
transparency and the specific contact resistance are
intrinsically position-dependent across the substrate
surface. Second, superimposed on this smooth sector-
related variation, a fraction of the Schottky structures
exhibit localized shunting paths that produce
anomalously high reverse currents. Thus, the statistical
spread of the measured parameters is defined by
combined action of sector-dependent doping inhomo-
geneity and discrete electrically active defects.

Sample A

Sample B

Fig. 3. Layouts of arrays of Schottky diodes, radial and linear
TLM structures with ohmic contacts on multisector BDD
substrates (top) and fragments of the as-fabricated structures
(bottom).
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Fig. 4. Current-voltage characteristics of an Au/Pt/Ni/diamond
Schottky diode on the sample A: the black curve corresponds to
a defect-free diode, while the red curve corresponds to a diode
containing a shunting (killer) defect.

I, A

10 5 . (111 g
(113) B 2l sectors

105 4 4 (001) approx
- = intersector border

10 4

d

2V) A
=)
4
| ™

10 4

Irev(v

-
=
©

10-10 A

1074

10" +— P
1 18 3 10 5 10 15 20 25
Na,10 cm Count

Fig. 5. Dependence of the current at a reverse bias of 2 V on
the dopant concentration (sample A). Colors indicate the distri-
bution by growth sectors. On the right — the frequency distribu-
tion of current at a 2 V reverse bias is plotted for the entire set
of diode structures with a barrier contact radius of 25 pm.

Across the whole set of the fabricated Schottky
structures, the /-V characteristics exhibited two main
types (Fig. 4). The first type corresponds to diodes with
well-pronounced rectification and relatively low reverse
current. The second type corresponds to structures with
enhanced reverse leakage and an additional current
contribution at low forward biases, indicating partial
shunting of the barrier region. For the defect-free diodes,
the forward branch can be conventionally divided into
three regions. Region I, close to zero bias, is mainly
related to leakage currents of various origins. Region II
corresponds to the condition when influence of the series
resistance is much lower than the current limitation
imposed by the barrier contact and exhibits an
exponential behavior. RegionllIl is characterized by a
significant effect of the series resistance but also contains
a pronounced exponential component, which may be
associated with the influence of the ohmic contact. In our
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previous work on Au/Pt/Ni Schottky diodes, a similar
three-region behavior was shown to be sensitive to deep-
level recharging and interfacial effects [13]. In the
defective diodes, the excess current appears already in
Regions 1 and II and is accompanied by a strongly
increased reverse current, which is consistent with the
presence of local shunting channels associated with
electrically active extended defects of the killer-defect
type. Such defects — commonly termed “killer defects” —
are typically attributed to dislocations decorated with
impurity atoms. When located within the depletion region,
they can partially or fully short it, thereby increasing
leakage current and reducing breakdown voltage. This
interpretation is consistent with earlier studies of defect-
controlled transport in diamond, which showed that
enhanced leakage in diamond Schottky diodes correlates
with defect-related deep etch pits rather than with ideal
barrier transport alone [5, 7]. The representative -V
characteristics illustrate this contrast between normal
rectifying behavior and defect-assisted leakage (Fig. 4).

To analyze the relation between reverse leakage and
local electrical activity of substrate, a subset of equal-
area diodes with a barrier-contact radius of 25 pum were
considered, excluding structures formed at sector
boundaries. The dependence of the reverse current at 2 V
on uncompensated boron concentration shows that the
experimental points are grouped according to the
concentration ranges characteristic of the (111), (113),
and (001) growth sectors (Fig. 5). However, the most
important feature of this distribution is not simply the
separation between sectors, but the coexistence of two
leakage regimes. One regime corresponds to a large
group of diodes with reverse currents clustered in the
range of approximately 107'%...3-10"" A, which are
designated as “good”, and an extended tail reaching up
to 10° A, corresponding to “defective” diodes (Fig. 5,
right). This bimodal behavior indicates that in the lower-
doped part of the studied structure set, the reverse current
is mainly defined by presence or absence of local
shunting defects rather than by a purely monotonic
dependence on boron concentration. In other words, the
sector-dependent doping level defines the background
electrical conditions, but the strongest leakage is caused
by discrete local defects.

This interpretation is also supported by the sector-
resolved yield of defect-free diodes (“quality yield”)
summarized in Table 2. This parameter essentially
reflects the probability of fabricating a diode without
macroscopic defects. The corresponding yields are 60,
54, and 67% for the (111), (113), and (001) sectors,
respectively. Although these values are not identical,

Table 2. Quality yield of Schottky diodes by sectors (sample A).

Sector (111) (113) (001)
Total diodes 40 13 15
Defect-free 24 7 10
Yield (%) 60 54 67
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they do not follow a simple monotonic trend with
uncompensated boron concentration. In particular, the
(111) sector, despite having the highest concentration in
the substrate A, does not exhibit the lowest yield.
Therefore, within the concentration range represented by
the less heavily doped substrate, the direct influence of
the growth sector on the probability of obtaining a low-
leakage Schottky diode is present but comparatively
weak. The main factor that distinguishes “good” and
“defective” diodes in this regime is occurrence of
localized shunting defects rather than the average dopant
concentration of a given sector taken alone.

A different behavior is observed when the uncom-
pensated boron concentration approaches and exceeds
approximately 9-10'® cm, as in the case of more heavily
doped substrate. In this concentration range, the reverse
current becomes strongly concentration-dependent, and
further doping progressively transforms the contact
behavior from clearly rectifying to nearly ohmic one
(Figs. 6 and 7). Most structures showed signatures of
shunting and/or tunneling currents, predominantly in the
(111) sector. This trend is physically expected, since
increase in the uncompensated boron concentration reduces
the depletion-region width at the metal/diamond interface
and enhances tunneling-assisted transport. Within the
Padovani—Stratton approach, the forward current in the
tunneling regime can be written as follows [15]:

2]

1(V)=IyexplgV/Ey),

the Padovani—Stratton parameter. Here, m’ is the carrier
effective mass and g, is the semiconductor permittivity,
respectively. The dominant transport regime is defined
by the ratio of Eyy to kT: thermionic emission dominates
for kT/q > Ey, thermionic-field emission for k7/q = E,
and field emission for kT/q K Ey. At room temperature,
when £T/q = 0.026 eV, the condition kT/q ~ E corres-
ponds to N, = 8-10" cm™. In the tunneling regime, the
saturation current is controlled by the tunneling probabi-
lity P, which depends exponentially on the barrier width w:

P, ~exp(—B~w).

yz .

18

N,

a

B

where E, = Ey coth(qE,,/kT) and Ey, = N

*
A

Here, B is a parameter determined by the carrier effective
mass and the barrier height. Since the depletion width
decreases with the dopant concentration, wocl / VN,

a o
the saturation is expected to
approximately as

1, ~ewb-8/{N;)

Therefore, as the dopant concentration increases
and the dominant transport mechanism evolves from
thermionic emission to thermionic-field emission and
finally to field emission, a pronounced increase in the
saturation current is expected. Thus, for diodes on the
sample B, thermionic emission dominates in the (001)
sectors, thermionic-field emission in the (113) sectors,
and field emission in the (111) sectors, respectively.
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Fig. 6. Dependence of the current at a reverse bias of 2V on
the dopant concentration for both samples A and B.

10? T
Sample B

V.,V

Fig. 7. Current-voltage characteristics of a Au/Pt/Ni/diamond
Schottky diode on the sample B for different sectors with
varying dopant concentrations.

Accordingly, the (001) regions remain closest to classical
Schottky-barrier behavior, the (113) regions correspond
to an intermediate regime, and the most heavily doped
(111) sectors approach the field-emission limit, where
tunneling dominates and rectification is strongly
suppressed.

The specific contact resistance is another sensitive
parameter reflecting near-surface defects and dopant
states. While killer defects contribute negligibly due to
their small area fraction, contact resistance can
significantly vary with doping and interfacial reactions
during rapid thermal annealing (RTA).

The decrease in the specific contact resistance
with dopant concentration is consistent with the analysis
of Kupka and Anderson [16], who showed that an order-
of-magnitude increase in the dopant concentration leads
to an approximately order-of-magnitude reduction in the
specific contact resistance. In the thermionic-emission
regime, the minimum specific contact resistance is
given by
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k N,

gA'T N,

where N, is the effective density of states in the
conduction band. In the same work, the three classical
current-transport mechanisms in ohmic contacts, namely
thermionic emission, thermionic-field emission, and field
emission, were analyzed, and the minimum achievable
contact resistance for a given dopant concentration was
estimated based on a dominant mechanism. In general,
this approach predicts that the minimum specific contact
resistance should scale as pcmin~N;1 . However, a
stronger dependence can be observed in practice, as can
be seen from Figs. 8 and 9, which suggests that
additional factors influence the contact behavior and
require further investigation.

The behavior of the ohmic contacts is consistent
with this overall picture but also reveals an additional
sector-related effect. As expected, the specific contact
resistance decreases with the uncompensated boron
concentration (Figs. 8 and 9), which is consistent with
narrowing of the interfacial barrier and transition from
thermionic to tunneling-assisted current injection.
However, the measured dependence is not described by
concentration alone. At comparable uncompensated
boron concentration, the contacts fabricated in the (001)
and (113) growth sectors generally exhibit lower specific
contact resistance than those fabricated in the (111)
sector. The same tendency is observed both for the values
obtained on dedicated TLM structures and for the
estimates derived from the forward branches of the
Schottky-diode I-V characteristics. This observation
indicates an additional growth-sector-related contribution
beyond uncompensated boron concentration alone. A
plausible origin of this effect is sector-dependent variation
of defect structure, compensation, and/or near-surface
state of the crystal. Such an interpretation is consistent
with our earlier study of similar boron-doped HPHT
diamond, in which sectoral boundaries and etched defect
regions were shown to exhibit pronounced electrostruc-
tural and morphological heterogeneity, including surface-
potential steps, local resistivity variations, dislocation-
related strain fields, and boron inhomogeneity [12].

This result is important because it indicates that the
growth-sector structure affects not only the distribution
of electrically active boron, but also the quality of the near-
surface region that participates in ohmic-contact formation.
In contrast to the case of reverse leakage, where rare
killer defects may dominate the current of individual
diodes, the specific contact resistance reflects an averaged
response over the contact area. Therefore, the observed
sector dependence of the contact resistance is unlikely to
be explained solely by isolated shunting defects. A more
plausible interpretation is that different growth sectors
differ not only in the boron concentration, but also in
compensation, defect density, and/or the structural state
of the near-surface layer formed after polishing and rapid
thermal annealing. The present data do not allow unam-
biguous identification of the microscopic origin of this
effect, but they clearly show that equal uncompensated
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Fig. 8. Specific contact resistance as a function of uncom-
pensated boron concentration for Ti/Pt/Au contacts fabricated
on boron-doped HPHT diamond substrates. Colors denote
growth sector: (111) — red, (113) — green, (001) — blue, and
sector boundary regions — gray. Squares and circles correspond
to samples A and B, respectively. Open symbols represent the
values estimated from the forward branches of the -V
characteristics of the Schottky diodes, whereas filled symbols
represent the values obtained from the CTLM measurements.
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Fig. 9. Dependence of specific contact resistance on the dopant
concentration compared with literature data [17].

boron concentrations do not guarantee equal ohmic-contact
performance in different sectors of the same HPHT crystal.

Overall, the obtained results show that the growth-
sector structure must be considered as a technologically
important source of lateral electrical nonuniformity in
boron-doped HPHT diamond. In the lower-doped regime,
the reverse characteristics of Schottky diodes are mainly
defined by stochastic occurrence of local shunting defects,
while the direct role of sector affiliation in the diode yield
is secondary. In the higher-doped regime, the intrinsic
effect of the boron concentration on barrier transparency
becomes dominant and can drive the metal/diamond
contact from rectifying toward nearly ohmic behavior. At
the same time, the specific contact resistance of ohmic
contacts exhibits a reproducible sector dependence even
at comparable doping levels, indicating that growth-

Kudryk Ya.Ya., Strelchuk V.V., Maziar D.M. et al. Influence of growth-sector structure on electrical ...

168



SPQOEQO, 2026. V. 29, No 2. P. 162-171.

sector-related properties other than the acceptor concen-
tration also influence the electrical characteristics of
metal/diamond contacts. These findings are important for
both interpretation of transport data and optimization of
contact technology for diamond-based electronic devices.

4. Conclusions

The growth-sector structure of boron-doped HPHT
diamond was shown to have a pronounced effect on the
electrical characteristics of both Schottky diodes and
ohmic contacts. The investigated [001]-oriented
substrates exhibited strong lateral inhomogeneity of
uncompensated boron concentration, decreasing in the
sequence of the (111), (113), and (001) growth sectors.
The reverse current of the Schottky structures was
controlled by two different factors depending on the
doping level. In the lower-doped regime, the leakage
current was mainly defined by localized shunting defects,
whereas the direct influence of the growth sector on the
yield of low-leakage diodes was relatively weak. In the
higher-doped regime, the reverse current increased
strongly with uncompensated boron concentration, and
the most highly doped regions exhibited transition from
rectifying to nearly ohmic behavior, consistent with
tunneling-assisted transport through a narrowed barrier.
The specific contact resistance of the Ti/Pt/Au
ohmic contacts decreased with the boron concentration,
as expected, but also showed a clear dependence on
growth-sector affiliation. At comparable uncompensated
boron concentrations, contacts formed in the (001) and
(113) sectors exhibited lower specific contact resistance
than those formed in the (111) sector, suggesting an
additional contribution related to sector-dependent
defect, compensation, or interface-state differences.
These results show that the growth-sector structure
of boron-doped HPHT diamond is an important technolo-
gical factor that must be taken into account in fabrication
and optimization of diamond-based electronic devices.
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BnimB ceKTOpaabHOI CTPYKTYPH POCTY Ha eleKTpU4Hi xapakTepucTuku 6ap’epiB HIoTTki Ta OMiYHHUX KOHTAKTIB
1o gerosanoro 6opom HPHT-anma3y

A, Kynpuk, B.B. Ctpeasuyk, I.M. Ma3zsp, O.€. beasies, T.B. KoBanenko, A.B. Mapuenko, B.B. JIucakoBcbkuii,
C.0O. IBaxnenko, M.M. 1y0, I1.O. Caii, W. Knap, A.C. Hiko;enko

AHoTanis. J[oCnipKeHO BIUIMB CEKTOPAIBHOI CTPYKTYPH Ha CJEKTPUYHI XapakrepucTuku miomiB IIoTTki Ta OMiYHHMX
KOHTaKTiB, c(pOpMOBaHMX Ha JieroBaHomy 6opoM HPHT-anma3i, IuIssxoM KOpemsiii eneKTpHYHIX BUMIPIOBaHb 13 Mikpo-I4
KaprorpayBaHHsIM KOHIEHTpPAIil HECKOMIIEHCOBaHOI JOMImKH Oopy. JlocmimKkeHi MiAKIAAKA XapaKTepH3YIOThCS
BHAPXEHOI MYJIBTHCEKTOPAILHOI HEOTHOPIAHICTIO €JIeKTPUYHO aKTHBHOIO OOpY 3 CHCTEMATHYHHUMH BapialliiMH MiXK
OCHOBHHMH CEKTOpaMH pocTy. Y crpykrypax IIIoTTki BUSIBICHO J[Ba XapakTepHI PEXHUMH CTpyMomepeHocy. Y
c1aboJIeroBaHUX 00JIaCTSIX 3BOPOTHHH CTPYM MEPEBAKHO BIH3HAYAETHCS JTOKANI30BaHUMH ITYHTYIOUHMHE Ae(EeKTaMH, Tl K
y OUTBII CHJIBLHONETOBAHUX OONACTAX BiH CYTTEBO 3pOCTA€ 31 30UTBIICHHSIM KOHIICHTpAIlli HECKOMIICHCOBAHOTO 0Opy, a
KOHTAKTH TOCTYIIOBO MEPEXOJATh BiJl BUIPSIMISIFOUOl MOBEIIHKM 10 Mai)Ke OMIYHOI, 110 Y3TOMKYEThCS 31 3pOCTAHHAM
BHECKY TYHEJILHOIO CTpyMornepeHocy. I[luTtoMuii KOHTakTHHH omnip oMiuyHMX KOHTakTiB Ti/Pt/Au 3meHmyerbes 3i
3pOCTaHHSM KOHIIEHTpallii 00py, ajie TaKoX BHSIBJISE YITKY 3aJICKHICTh BiJl HAIGKHOCTI 10 cekTopa pocty. [Ipu Onu3bKux
3HAYCHHSAX KOHIICHTpAIlil HECKOMIIEHCOBAHOrO OOpYy KOHTakTH, copmoBaHi B cekropax (001) ta (113), neMOHCTpYHOTH
MEHIIUH MUTOMHIA KOHTAKTHHH OIp TOPIBHSHO 3 KOHTaktamu B cekTopi (111). Orpumani pe3ynbraTH CBigyaTh, IO
CEeKTOpallbHa CTPYKTYpa pocTy aerosaHoro 6opom HPHT-ammasy Bu3Hauae He NHIIE MPOCTOPOBHI PO3MOIT E€IEKTPHIHO
aKTUBHOro Oopy, ajle H TPAaHCHOPTHI XapaKTEPUCTUKN KOHTAKTIB MeTall/aaMa3, i TOMy € BaXIHMBHM TEXHOJIOTTYHIM
(hakTOpOM IpY CTBOPEHHI Ta ONTHMI3allii aIMa3HUX €IEKTPOHHUX MPHIAIIB.

KawouoBi caoBa: 0Oap’ep IlorTki, OMIYHHMI KOHTAKT, IIMPOKO3OHHHMN HAIMIBIPOBIAHUK, ajiMa3, BOJIbT-aMIIEPHI
XapaKTePUCTHKU.
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