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Abstract

This work reports selective high-energy heavy ions irradiation for improving the interfacial properties of epitaxial SiC-based
Schottky barrier diode (SBD). Ni/4H-nSiC(0001) SBDs have been fabricated and irradiated using 200 MeV silver ions at
a fluence of 1x 10'% ions/cm? in selective and in blanket ways under same experimental conditions. Electrical performance
of the blanket way-irradiated SBD was found almost destroyed. In stark contrast, barrier height is enhanced from 1.16 eV
to 1.41 eV and ideality factor reduced from 1.81 to 1.76 in selectively irradiated SBD. Moreover, interface trap/defect states
density has been reduced from 1.56 x 10'3 eV~! cm™2 to 6.47x 10'2 eV~ cm™2 after selective irradiation of SBD. Role of
heavy ions irradiation-induced electronic excitations in refinement of atomic-scale interfacial defects/disorders of the SBD
and, hence, modification in its electrical performance has been discussed. Photoluminescence studies are also performed to

get insight into the measured device performance.
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Introduction

The comfort and transportation of the modern society is
dependent on the generation and distribution of the power.
It is only possible through enhancement in the performance
of the power devices (Baliga 2005). Silicon (Si)-based power
devices were of prime choice for several decades owing to
their high manufacturing capability and lower cost. Unfor-
tunately, Si has approached its theoretical limits and imple-
mentation of wide bandgap semiconductors such as SiC,
GaN, diamond, Ga,03, etc. has been emerged as an alterna-
tive. Contrast with its counterparts, SiC is a preferred mate-
rial for power devices due to maturity in its crystal quality
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and availability in the market (Dimarino et al. 2015; Tsao
et al. 2018).

The most fundamental and mature case of a power
devices are Schottky barrier diodes (SBDs). Precisely, con-
trol over interface properties is a crucial factor for enhanc-
ing its performance (Baliga 2005; Kumar et al. 2012; Omar
et al. 2014). Presence of electrically active defects at the
interface, and in the bulk of the material deteriorate the per-
formance, reliability, and stability of the SBDs. Interface-
and bulk-level defects cause a reduction in the barrier height
and increment in in the leakage current in SBDs. For these
reasons, their full potential for adoption in in high-power,
high-frequency switching, and many other applications is
hindered (Omar et al. 2014; Kumar et al. 2016; Kumar et al.
2015; Kumar et al. 2014; Singh 2006; Kumar et al. 2020).
Compelling factors for the creation of defects in the SBDs
include; structural imperfections, contaminations, unsatu-
rated bonds, damages caused by metal deposition, formation
of residual native oxide, etc., in the semiconductors (Kang
et al. 2017; Gulen et al. 2011; Gammon et al. 2013).

Swift heavy ions (SHI) irradiation has been proven
to be a versatile technique to advance the semiconduc-
tor technology (Wesch and Wendler 2016). For example,
literature reported that SHI irradiation (1) is efficacious
in the generation of new phases especially silicides at the
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metal-silicon interface, and (2) found adequate in tailoring
the lifetime of minority carriers in semiconductor devices.
Moreover, synthesis and modification of nanostructured
materials for advance device applications is also feasible
with SHI irradiation (Avasthi and Mehta 2011). Recently,
selective swift heavy ion irradiation is used to remove the
atomic-level defects from the crystalline semiconductor.
Silicon was selectively irradiated with swift heavy ions
and atomic-level disorders/defects, from surface and bulk
of the material, were found swept out from the irradiated
site. The swept defects found accumulated at the bound-
ary of the irradiated and masked region (Sen and Akhtar
2002; Sen et al. 2000). Using this technique, the electri-
cal properties of Si-based p—n junction were enhanced by
modifying their interface and bulk structures (Kumar et al.
2013). Moreover, the performance of SiC-based SBDs,
i.e., barrier height and leakage current, have been signifi-
cantly improved using same methodology (Kumar et al.
2020; Kumar et al. 2018; Kumar and Maan 2018). A deep
understanding of such improvement demands further stud-
ies on interface and bulk-level refinement in the selectively
irradiated devices.

Behavior of interface of the SBDs can be understood
in terms of SHI irradiation-induced modifications in the
localized electronic energy states (so-called interface trap
states) present at its interface. It is because, the modi-
fications of interface trap states will amend the current
transportation mechanism across the interface of SBDs
and hence their performance (Baranwal et al. 2009; Spicer
et al. 1980). Therefore, evaluation of interface trap states
density and their distribution is highly desired and it will
be highly impactful from both technological and phys-
ics point of view. Additionally, SHI irradiation produces
defects in the material at the end of their range, i.e., in the
nuclear energy loss regime (Sen and Akhtar 2002; Sen
et al. 2000; Madito et al. 2019; Tunhuma et al. 2019). A
fundamental understanding of such produced defects is the
first step to rationalize the performance of the SiC based
SBDs. These investigations will be helpful in comprehend-
ing the implications of selective heavy ion irradiation in
future microelectronic devices.

Therefore, the aim of the present work is to investi-
gate the interface and bulk of the selectively heavy ion-
irradiated SiC-based SBD. Interface of the devices has
been probed with capacitance-based method; whereas a
non-destructive technique, i.e., Photoluminescence (PL)
spectroscopy, is implemented to characterize the bulk-
level modifications in the SiC. Peaks in the measured
PL spectra have been recognized and assigned with data
from the literature. Contribution of nuclear and electronic
energy transfer mechanisms has been discussed in detail
to support the observed electrical behavior of the devices.
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Experimental

For device fabrication, research grade nitrogen-doped n/
n* 4H-SiC (0001) wafer of 50 um thick epitaxial layer
on 8° off-axis Si-face with concentration ~ 1x10" ¢cm™>
was used. The wafer was thoroughly cleaned employing
standard chemical procedure, i.e., degreasing, RCA-1,
RCA-2, and Piranha. Molybdenum metal mask of thick-
ness 0.1 mm was used to delineate the Schottky contacts
and also for selectively irradiate the device. The choice of
the metal sheet was based on its stiffness and microelec-
tronic compatibility. The groves in the metal sheet were
made with a computer numerical control (CNC) wire cut
electric discharge machine (EDM). The requirement of
steep walled grooves comes from the need of fabricating
notch-free Schottky contacts and selective irradiation of
fabricated devices. After that, the fabricated metal masks
were cleansed with HCI and deionized water. These metal
masks were baked for 3 h at 120 °C to eliminate any
degassing phenomena while their usage in device fabri-
cation. These metal masks were placed on the Si-face of
the cleaned wafer using photoresist and then loaded into
the e-beam metallization chamber. Nickle metal of thick-
ness 200 nm was deposited on the Si-face of wafer using
e-beam evaporation method and subsequently Schottky
device of size 1.6 mm in diameter was fabricated. Ohmic
contact was realized on the C-face of the wafer with dual
layer metallization of Ti (300 A) and Au (2000 A) using
e-beam evaporation system in vacuum range of 10~ Torr.
Thereafter, the device was vacuum annealed at 350 °Cin a
chamber under the flow of Ar gas at 365 cc/min for 30 min
(Wesch and Wendler 2016). Device was irradiated with
Ag'** jons at 200 MeV (maximum available energy at
the facility) with a fluence of 1 x 10'? ions/cm? employing
15 UD Pelletron accelerator facility at IUAC, New Delhi.
Devices normally got damaged within the selected fluence
range (Strelchuk et al. 2009). To generate a contrast with
this understanding, the ion irradiation was carried out in
two ways namely “blanket way” and “selective way”. In
blanket way, masks were removed from the surface of the
wafer and then device was irradiated. In other words, the
device and its surrounding area were irradiated. On the
other hand, in selective way, the mask was retained on the
surface of the wafer and then device irradiated, i.e., the
ions were bombarded only to the Schottky contact and
blocked in its surrounding area. A schematic of the per-
formed experiment is shown in Fig. 1. All devices were
fabricated and irradiated under same run and other envi-
ronmental conditions.

Keithley 4200 SCS was used for current—voltage (I-V)
measurements and Agilent 4284 A was used for capaci-
tance—voltage (C—V) measurements of the devices. The
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Fig. 1 a Schematic of the
fabricated devices (material
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current—voltage (I-V) characteristics of the fabricated
devices were acquired using Suss Microtek probe station.
Devices were held on the vacuum connected gold plated
chuck of the probe station.

Results and discussion

To get the forward bias characteristics, DC bias was swept
from O to 2 V. The observed I-V and corresponding Ln
(J)-V characteristics of the pristine and selectively irradi-
ated diodes are shown in Fig. 2a, b, respectively.

The current flow in the moderately doped semiconduc-
tors-based SBD is predominately attributed to the majority
charge carriers. The current—voltage characteristics of the
forward-biased Schottky barrier diodes can be explained
using thermionic-emission (TE) model as (Sharma 1984):

qV
J=1J — ) -1,
S[exp<'7kT> ]

where J, is the saturation current density and can be given
as:

qdp
J. = A*T? -5
S exp< kT)

6]

(@)

where ¢y is the zero bias barrier height, g is the electronic
charge, k is the Boltzmann constant, 7 is the measuring

temperature, and A* is the Richardson constant (146 A/
cm?’K?) (Baliga 2005). Moreover, # in Eq. (1) is known as
the ideality factor, and can be represented as:

_ g (_av
= \ano )

The intersection of straight line part of forward bias In(J)
—V plot at vertical axis determines the value of In(J,). Using
In(J,) value, the zero bias barrier height can be determined
as (Sharma 1984):

kT A*T?
=1 ,
o5 q n< J )

N

3

“

where all symbols have their usual meanings.

In present work, the I-V characteristics of the blanket
way-irradiated device were found totally damaged (Kumar
et al. 2020), and not shown here. This might be due to the
formation of defects in the material in the nuclear energy
loss regime of the irradiated ions. The formation of buried
layer of defects and their complexes, at the end range of
incoming ions, damaged the device under discussion (Kumar
et al. 2020; Kumar et al. 2018). Therefore, in the foregoing
discussion, pristine and selectively irradiated device would
be the focus of this work. The barrier height and the ideality
factor values for pristine and selectively irradiated devices
were determined using Eqs. 3 and 4, which came out as
1.16 eV and 1.81, and 1.41 eV and 1.78, respectively.
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The above calculated values of electrical parameters in
forward bias reveal that the performances of the selectively
irradiated device have been significantly improved. These find-
ings attribute to the removal of defects from active area of
the selectively irradiated SBD (Sen and Akhtar 2002; Kumar
et al. 2018). To support the argument, interface state density
has been calculated in the pristine and selectively irradiated
devices using method proposed in Ref. (Chattopadhyay et al.
1998; Chattopadhyay 1996). This method is based on the for-
ward bias capacitance measurements in the device, at low and
high frequencies. Since interface states behave differently at
low and high frequencies, the used method is extremely sensi-
tive. The equation governing relationship between interface
states and the capacitance is given as (Chattopadhyay et al.
1998):

N, C,n.—C
D, = 9€sictNg LLp HF, (5)
2y, qCyr

where Cy and C; . are capacitances at low (1 kHz) at high
(1 MHz) frequencies, N, is the effective doping concentra-
tion and other symbols have their usual meanings. Moreover,
in Eq. (5), y is the surface potential which can be calculated
using (Chattopadhyay et al. 1998):

1= (o ()

where v, is the distance between fermi level and conduction
band and can be found as:

kT . (N
vnz?ln N, ) 7

Using Eq. (6), the values of surface potential w.r.t. applied
bias is calculated and shown in Fig. 3.

It can be seen in Fig. 3a, b that y, is decreasing linearly
until reaching a critical voltage (V) beyond which effect
the series resistance will be effective. The point y, (I, V)
at which non-linearity in V- commences represents the cor-
responding critical surface potential. It is worthy to note
in Fig. 3a, b that critical surface potential value has been
increased after selective ion irradiation, which is due to
decrement in the surface states. Moreover, V. has been
decreased after selective ion irradiation which attributes to
the defects production at the end of ions range as discussed
in later sections.

Furthermore, Fig. 4a, b represents the measured C—V data
at high (1 MHz) and low (1 kHz) frequencies for pristine and
selectively irradiated devices.

It can be seen in Fig. 4a that the low frequency capaci-
tance (C; ) remains almost constant up to 1.0 V, then rising
sharply and saturates at 2.0 V. The high frequency capaci-
tance (Cyp) starts increasing slowly up to 1.25 V and then
increasing sharply up to 2.0 V. However, in Fig. 4b, both C,
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and Cyp are first increasing slowly, then rising sharply and
reached at maximum value at~1.5 V and decreased after
that. It is worth mentioning here that trends shown in Fig. 4a,
b are a consequence of interface trap states present in the
fabricated device (Kumar et al. 2016).

Using the maximum values of capacitance from these
plots, the distribution of interface state density, D;,, within
the energy gap of the SiC has been calculated for pristine
and selectively irradiated devices and shown in Fig. 5a, b.

It can be seen in Fig. 5a that the density of interface
trap states is decreasing as moving from edge of conduc-
tion band to the mid-gap of semiconductor. Selectively
irradiated device is following the same trend as shown in
Fig. 5b. However, a comparison of Fig. 5a, b reveals that
the interface states density decreases by an order of magni-
tude after selective irradiation of the device. These results
imply that removal of atomic-level defects from interface
leads to improvement in barrier height of the selectively
irradiated device as mentioned earlier. It is worth mention-
ing here that device under discussion was already vacuum
annealed and selective irradiation further reduces D;, from
1.56x 10" eV~ cm™ to 6.47x10'* eV~ cm™ which is
much higher than previously reported (Gupta et al. 2011).
These findings emphasize that the selective heavy ion irra-
diation technique is an effective technique to improve the
interface.

A possible mechanism underlying these improvements
can be described in terms of swift heavy ion irradiation-
induced electronic excitations in the material. Swift heavy
ions deposit their energy in the form of ionization and sep-
aration of atoms of the target media. Due to this, a local
electric field will be generated along the path of the incom-
ing ions, which subsequently increase the kinetic energy
(KE) of the atomic state of the material. This increased KE
relaxed by its transfer to the nearby atoms in the form of
electronic excitation. Moreover, electronic excitations cause
large longitudinal movements of material atoms from their
mean positions (Sen and Akhtar 2002; Sen et al. 2000).
This large amplitude atomic motion introduced anharmonic
forces in the Si and C atoms of the SiC material. As a result,

the vibrational frequency of the SiC atoms will be differ-
ent from their optic and acoustical modes, which probably
lies within the bandgap of SiC. Such vibrational modes of
frequency are known as intrinsic localized modes (ILMs) or
quodons. These quodons move from atoms to atoms without
any sign of structural modification in the irradiated region
of the target material (Sen and Akhtar 2002; Cuevasa et al.
2003). Moreover, ion-irradiation-induced non-linearity in
the atomic forces of SiC is necessary for longer propagation
of the quodons as they disperse in linear systems. These
quodons moves defects from the irradiation site (i.e., the
Schottky contact area) to masked area. Literature suggested
that quodons are scattered by lattice disorders, which cause a
change in momentum of the quodon. This change in momen-
tum immediately imposes a pressure on the atomic-level
defect and let those moves out from the source of quodons,
namely, the ion track (Gupta et al. 2011). In this way, defects
move away from the irradiated region in SiC. Moreover, at
the boundary of the irradiated and masked region, these quo-
dons will relax via localization of their energy and causes
rearrangements of local atoms, i.e., under the metal mask.
This rearrangement of atomic defects at the interface and
bulk of SiC causes improvement in barrier height and ideal-
ity factor of the device.

Capacitance—voltage profile was used to calculate the
effective doping concentration in the device. The effective
doping concentration found to be decreased from 1.45x 10"
to 7.03x 10'* cm™ after selective ion irradiation. This
attributes to the defects produced in the material at the end
range of the irradiated ions (Sen et al. 2000). Size as well
as concentration of defects depends on the type and fluence
of the projected ions, and on the doping level of the target
material (Kalinina et al. 2014). The defects will capture free
charge carrier and, hence, lowered the effective doping con-
centration in the material.

This reduction of effective carrier concentration results
in the decrease in the built-in potential from 1.57 to 0.84 V
after selective irradiation. The series resistance in device
was also calculated using Cheung’s method (Cheung and
Cheung 1986), which found to be increased from 9.88 Q
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to 4.92 kQ after selective ion irradiation. This is due to the
fact that the epilayer of the used 4H-SiC was of 50 um thick
and the range of the projected ions (calculated using TRIM
code in the present device structure) came as 15.65 pum.
This implies that the projected ions are stopped in the active
region of the device and produce defects at the end of their
range. These defects result in the increase in the series resist-
ance and decrease in the built-in potential of the device.

To get a deep insight into material’s quality and irradia-
tion-induced defects, photoluminescence studies are carried
out and shown in Fig. 6a, b.

Figure 6a shows the PL spectra of pristine material which
exhibit a strong peak, so called “zero phonon line (ZPL)”,
in the near band edge region (E,=3.24 eV). This peak
attributes to the recombination of exciton bound to neutral
nitrogen at the cubic sites in the SiC (Ahoujja et al. 2004).
Another peak is observed at 3.18 eV, which is caused by the
neutral nitrogen bound exciton at the hexagonal site. High
binding energy at cubic site leads to more localized exciton,
which enhance the probability of its recombination with-
out momentum-conserving photons. This can be justified
by comparing the intensity of the cubic site and hexagonal
site (Scott 1999). Another peak is found at 2.92 eV, which
attributes to the nitrogen donor sites or a thermodynami-
cally induced state associated with Shockley stacking faults
(SSFs). The expanded SSFs can shrink by annealing at tem-
peratures 500 K (Miao et al. 2001).

It can be seen in Fig. 6a, that intensity of the near band
edge excitation has been reduced after ion irradiation. Peak
fitting reveals that its position is shifted at 3.16 eV on the
photon energy scale. Such findings reveal that some defects
are formed in the material under discussion. These defects
act as active recombination centers, whose energy position
exist in the band gap of the SiC. Capturing of the free charge
carriers by these defects results in the suppression of direct

electron-hole recombination. Therefore, lesser charge car-
riers (electron here) would emit back into the valence band
and emit less energy in the form of light. Consequently, the
intensity will be reduced as observed for irradiated sam-
ples in Fig. 6a. The value of the full width half maximum
(FWHM) of the pristine and irradiated device was calcu-
lated to be 0.09341 nm and 0.2632 nm, respectively. The
increased value of the FWHM and reduced intensity in
photoluminescence spectra confirm that deep-level defects
are formed in the irradiated SiC. Additionally, the defect
band with a wide energy spectrum centred at 2.150 eV is
also appeared in irradiated SiC, which mimic the reported
literature (Kalinina et al. 2004). These findings imply that
irradiation produces a wide range of defects having different
energy levels in the material under reference. It is interesting
to see that the defect level due to SSF, situated at 2.92 eV in
the pristine material, has been quenched out after ion irra-
diation. It might be due to the ion irradiation-induced rise
in temperature of the material. As stated earlier, these SSF
have property to quench at moderate temperatures, and ion
irradiation produces a very high temperature for short time
duration in close proximity to the incoming ion. Therefore,
it is believed here that ion irradiation is also very useful tool
in healing of some stacking faults in the SiC. Moreover, pho-
toluminescence mapping of the material under discussion is
also carried out and shown in the Fig. 6b. It can be seen in
Fig. 6b that the peak intensity in the pristine part has some
finite value, while it is significantly reduced after irradiation.
These results reconfirm that defects are formed in the bulk
of the material. The overall changes in the material after
ion irradiation can be explained on the basis of energy loss
mechanisms of incoming ions in host material. It is well
known that ions lose their energy via electronic and nuclear
energy loss mechanisms during their wake through matter.
In the starting range of ions, where electronic energy loss

Fig.6 a Photoluminescence
spectra of the pristine and the
irradiated material b Photolumi-
nescence mapping of irradiated
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mechanism dominates, defects are rarely created in the host
material. However, at the end range of ions, where nuclear
energy loss mechanism dominates, elastic collision between
irradiated ions and host atoms leads to formation of defects
of their complexes (Wesch and Wendler 2016; Avasthi and
Mehta 2011; Sen and Akhtar 2002; Sen et al. 2000; Kumar
et al. 2013). In the present work, creation of such defects
leads to observed increase in the series resistance, decrease
in the effective free carrier concentration and increment in
the built-in potential of the selectively irradiated device.

Conclusions

In summary, Ni/4H-nSiC Schottky barrier diodes have been
fabricated and irradiated selectively with 200 MeV silver
ions. Compared to pristine device, the barrier height and
the ideality factor in the selectively irradiated device are
improved. Experimentally calculated values of interface
states density revealed an order of magnitude reduction
and, hence, improved interface after selective ion irradiation.
Photoluminiscence studies emphasized that bulk quality of
the material was degraded due to the formation of defects
at the end range of irradiated ions. These defects lead to
decrease in effective free carrier concentration and built-in
potential values in selectively irradiated device. Moreover,
formed defects also cause increase in the series resistance of
the irradiated device. Overall proposed technique with some
modifications can be implemented in resolving the interface
states issue in advanced microelectronics and other MOS
devices.

Acknowledgements One of the authors (VK) would like to thank staff
members of CSIR-CEERI, Pilani and technical staff of IUAC, New
Delhi, India for their help and support in device fabrication and ion
irradiation facility.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.

References

Ahoujja M, Crocket HC, Scott MB, Yeo YK, Hengehold RL (2004)
Photoluminescence characterization of defects introduced in
4H-SiC during high energy proton irradiation and their anneal-
ing behavior. Mat Res Soc Symp Proc 815:j5.21.1

Avasthi DK, Mehta GK (2011) Swift heavy ions for materials engineer-
ing and nanostructuring. Springer, Netherlands

Baliga BJ (2005) SiC power devices. World Scientific Publishing Co.
Pte. Ltd, Singapore

Baranwal V, Kumar S, Pandey AC, Kanjilal D (2009) Effect of ion irra-
diation on current—voltage characteristics of Au/n-GaN Schottky
diodes. J Alloys Compd 480:962-965

Chattopadhyay P (1996) Capacitance technique for the determination
of interface state density of metal-semiconductor contact. Solid
State Electron 39:1491-1493

Chattopadhyay S, Bera LK, Ray SK, Bose PK, Maiti CK (1998)
Extraction of interface state density of Pt/p-strained-Si Schottky
diode. Thin Solid Films 335:142-145

Cheung SK, Cheung NW (1986) Extraction of Schottky diode param-
etersfrom forward current-voltage characteristics. Appl Phys
Lett 49:85-87

Cuevasa J, Katerjia C, Archilla JFR, Eilbeck JC, Russell FM (2003)
Influence of moving breathers on vacancies migration. Phys
Lett 315:364-371

Dimarino C, Burgos R, Boroyevich D (2015) High-temperature sili-
con carbide: characterization of state-of-the-art silicon carbide
power transistors. IEEE Ind Electron Mag 9:19-30

Gammon PM et al (2013) Modelling the inhomogeneous SiC
Schottky interface. J Appl Phys 114:223704

Gulen Y, Ejderha K, Nuhoglu C, Turut A (2011) Schottky barrier
height modification in Au/n-type 6H-SiC structures by PbS
interfacial layer. Microelectron Eng 88:179-182

Gupta SK, Azam A, Akhtar J (2011) Improved electrical parameters
of vacuum annealed Ni/4H-SiC (0 0 0 1) Schottky barrier diode.
Phys B 406:3030-3035

Kalinina EV et al (2004) Optical and electrical properties of 4H-SiC
irradiated with fast neutrons and high-energy heavy ions. Semi-
conductors 38:1187

Kalinina EV et al (2014) Optical and electrical properties of 4HSiC
irradiated with Xe ions. Semiconductors 48:156-162

Kang HJ et al (2017) Oxygen- and photoresist-related interface states
of 4H-SiC Schottky diode observed by deep-level transient
spectroscopy. J Appl Phys 122:094504

Kumar V, Maan AS (2018) Improvement in reverse bias leakage
current of Ni/4H-nSiC Schottky barrier diodes via MeV selec-
tive ion irradiation. IOP Conf Ser Mater Sci Eng 331:012016

Kumar V, Maan AS, Singh K, Akhtar J (2012) Simulation based
analysis of temperature effect on breakdown voltage of ion
implanted Co/n-Si schottky diode. J Nano Electron Phys
4:04009

Kumar V, Maan AS, Akhtar J (2013) Selective SHI irradiation for mesa
type edge termination in semiconductor planar junction. J Phys:
Conf Ser 423:012057

Kumar V, Maan AS, Akhtar J (2014) Barrier height inhomogeneities
induced anomaly in thermal sensitivity of Ni/4H-SiC Schottky
diode temperature sensor. J Vac Sci Technol, B 32:041203

Kumar V, Pawar S, Maan AS, Akhtar J (2015) Diameter dependent
thermal sensitivity variation trend in Ni/4H-SiC Schottky diode
temperature sensors. J Vac Sci Technol, B 33:052207

Kumar V, Kaminski N, Maan AS, Akhtar J (2016) Capacitance roll-off
and frequency-dispersion capacitance-conductance phenomena
in field plate and guard ring edge-terminated Ni/SiO,/4H-nSiC
Schottky barrier diodes. Phys Status Solidi (a) 213:193

Kumar V, Maan AS, Akhtar J (2018) Tailoring surface and electrical
properties of Ni/4H-nSiC Schottky Barrier diodes via selective
swift heavy ion irradiation. Phys Status Solidi 215:1700555

Kumar V, Verma J, Maan AS, Akhtar J (2020a) Epitaxial 4H-SiC
based Schottky diode temperature sensors in ultra-low current
range. Vacuum. https://doi.org/10.1016/j.vacuum.2020.109590

Kumar V, Maan AS, Akhtar J (2020b) Electronic transport in epitaxial
4H-SiC based Schottky diodes modified selectively by swift heavy
ions. Mater Sci Semicond Process 115:105108

Madito MJ, Hlatshwayo TT, Skuratov VA, Mtshali CB, Manyala N,
Khumalo ZM (2019) Characterization of 167 MeV Xe ion irradi-
ated n-type 4H-SiC. Appl Surf Sci 493(1291):1298

Miao MS, Limpijumnong S, Lambrecht WRL (2001) Stacking fault
band structure in 4H-SiC and its impact on electronic devices.
Appl Phys Lett 79:4360

Piedlae clodl ayao .
KACST ,161)lg rogLe Ll @ Springer


https://doi.org/10.1016/j.vacuum.2020.109590

228

Applied Nanoscience (2023) 13:221-228

Omar SU, Sudarshan TS, Rana TA, Song H, Chandrashekhar MVS
(2014) Interface trap induced non-ideality in as-deposited Ni/4H-
SiC Schottky barrier diode. IEEE Trans Electron Dev 62:615

Scott MB (1999) Electrical and optical characterization of intrinsic
and ion-implantation induced defects in 6H- and 4H-SiC, Ph.D.
Dissertation, AFIT/DS/ENP/99-04, Department of the Air Force,
Air University, Air Force Institute of Technology

Sen P, Akhtar J (2002) Nonequilibrium processes for generating sili-
con nanostructures in single-crystal line silicon. Pure Appl Chem
74:1631-1641

Sen P, Akhtar J, Russell FM (2000) MeV ion-induced movement
of lattice disorder in single crystalline silicon. Europhys Lett
51:401-406

Sharma BL (1984) Metal-semiconductor schottky barrier junctions and
their applications. Springer, New York

Singh R (2006) Reliability and performance limitations in SiC power
devices. Microelectron Reliabil 46:713-730

Spicer WE, Lindau I, Skeath P, Su CY (1980) Unified defect model
and beyond. J Vacuum Sci Technol 17:1019

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

Strelchuk M et al (2009) Characteristics of He*-irradiated Ni Schottky
diodes based on 4H-SiC epilayer grown by sublimation. Phys Sta-
tus Solidi C 6(2876):2878

Tsao JY et al (2018) Ultrawide-bandgap semiconductors: research
opportunities and challenges. Adv Electron Mater 4:1600501

Tunhuma SM, Diale M, Nel JM, Madito MJ, Hlatshwayo TT, Auret
FD (2019) Defects in swift heavy ion irradiated n-4H-SiC. Nucl
Instrum Methods Phys Res, Sect B 460(119):124

Wesch W, Wendler E (2016) Ion beam modification of solids. Springer,
Switzerland

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Interface improvement of epitaxial 4H-SiC based Schottky didoes by selective heavy ion irradiation
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgements 
	References




