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Abstract. Laser annealing is considered an enabling process for a new generation of SiC power
devices, since it allows the formation of ohmic contacts on very thin wafers, significantly reducing
their total ON resistance. Ni silicide and Ti silicide ohmic contacts have been widely investigated and
reported in literature, exploring in detail the role of laser features, metal thickness and thinning
process. Nevertheless, adding a small amount of Si to the contact layer could represent an opportunity
to increase process options. In this work, a NiSi alloy has been used as a contact metal to study the
role of the addition of Si to Ni in the reaction process under UV laser irradiation. Morphological and
structural properties of the reacted layers have been investigated by means of Transmission Electron
Microscopy (TEM) and X-Ray Diffraction (XRD) analyses. The electrical characterization of reacted
contacts has been performed by measuring their Sheet Resistance (Rs) by Four Point Probe (FPP)
method and, at device level, by measuring the forward voltage drop (Vr) of Schottky Barrier Diodes
(SBDs) fabricated on 150 mm-diameter 4H-SiC wafers. Furthermore, a comparison has been made
between Ni and NiSi alloy under the same irradiation conditions. It has been found that adding Si to
Ni in the contact metal layer moves the silicide reaction forward, driving the strong relationship
observed between structural, morphological and electrical properties of the reacted contacts.

Introduction

Silicon carbide has attracted increasing attention in recent years for power electronics and detectors
applications, thanks to its excellent physical properties, which allow for obtaining higher breakdown
voltage, higher switching frequency, lower resistance, higher heat dissipation, and smaller devices
[1-6]. Laser annealing process has been widely adopted in silicon carbide device fabrication, for
dopant activation [7, 8] and ohmic contact formation [9, 10]. In particular, among the alternative
processes to Rapid Thermal Annealing (RTA) for silicide formation [11-13], laser annealing, thanks
to its limited heat diffusion, is the most suitable one for the formation of ohmic contact on thin wafers,
therefore allowing to significantly reduce the total ON resistance of SiC power devices [14]. Ohmic
contacts on SiC based on Ti silicide [15, 16] and Ni silicide [17-28] have been already deeply
investigated, and the reaction process has been also studied in detail from a theoretical point of view
[29-31]. Nevertheless, the behavior of a NiSi alloy as a contact material under laser irradiation has
not completely described and understood so far. In this work, the role played by the addition of a
small amount of Si to Ni of the contact layer, in the ohmic contact formation by means of excimer
UV laser annealing, has been investigated. A comparison between Ni and NiSi alloy under the same
irradiation conditions is reported.
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Experimental Setup

Schottky Barrier Diode (SBD) devices have been fabricated on 150 mm-diameter 4H-SiC wafers,
thinned at 180 um. A 100 nm NiSi alloy layer has been deposited by sputtering in Ar ambient, at a
base pressure of 1 x 10~ mbar, on the ground face of the wafers. Wafers have then been irradiated on
the backside by using an excimer UV laser, with pulse duration of 160 ns and wavelength of 308 nm.
Structural properties of the reacted layers have been characterized by means of X-Ray Diffraction
(XRD) analyses, using a Bruker AXS D8 DISCOVER diffractometer, working with a Cu-Ka source
and a thin film attachment. Morphology of reacted layers has been investigated by means of
Transmission Electron Microscopy (TEM) analyses, using a JEOL-JEM microscope working at 200
keV. The electrical characterization of reacted contacts has been performed by measuring their Sheet
Resistance (Rs) by Four Point Probe (FPP) method and, at device level, by measuring the forward
voltage drop (Vr) at nominal current of Schottky Barrier Diodes (SBDs), by using a semiconductor
device parameter analyzer (Agilent B1500A) and a high-power curve tracer (Sony Tektronix 371A).

Results and Discussion

It has been reported [17] that the typical Rs curve, as a function of laser fluence, shows an increase
of Rs values for low laser fluences, due to the initial intermixing between metal layer and Si, and then
a rapid drop of Rs to a final plateau, above a threshold fluence. In particular, the value of threshold
fluence depends on contact material and its thickness, number of laser pulses, and SiC roughness.
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Fig. 1. Comparison between threshold fluence for the Rs drop of Ni and NiSi alloy, as a function of
number of laser pulses. Fixed the laser conditions, the threshold fluence of NiSi alloy is lower than
that of Ni.
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As shown in Fig. 1, the threshold fluence at which the Rs drop is observed decreases with the
increasing number of laser pulses, both for Ni and NiSi alloy, but the threshold fluence of NiSi alloy
is lower than that of Ni, at the same number of laser pulses. This could mean that, fixed the laser
annealing conditions, the addition of Si to Ni moves the reaction forward.
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Fig. 2. Forward voltage drop (Vr) at nominal current (Io) of Schottky Barrier diodes annealed at 3.8
J/em? with two pulses. As a reference, the V¢ of diodes treated with RTA is reported.

This hypothesis is confirmed by the measurement of Vrof SB diodes. As reported in Fig. 2, in fact,
NiSi sample annealed at 3.8 J/cm? with two pulses shows a V¢ significantly lower than the Ni sample
annealed at the same conditions, and even lower than that of a Ni sample treated by Rapid Thermal
Annealing (RTA), reported as a reference.
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Fig. 3. XRD pattern, acquired in grazing incidence configuration, of NiSi alloy sample after laser
annealing at 3.8 J/cm?, two pulses, and corresponding deconvoluted component peaks.

Structural properties of Ni and NiSi alloy samples, annealed at 3.8 J/cm? with two pulses, have
been characterized by XRD, performed in grazing incidence configuration. Fig. 3 shows the XRD
pattern of the annealed NiSi sample and the deconvoluted contributions of the main peaks. The
extracted quantitative fractions reveal the predominant presence of Ni3Si» and NiSi phases, with lower
contribution of Ni»Si and NiSi,.
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Fig. 4. Comparison between XRD patterns, acquired in grazing incidence configuration, of Ni and
NiSi alloy samples annealed at 3.8 J/cm2, two pulses.

The same approach has been adopted to characterize the annealed Ni sample, revealing the
presence of Ni3Si, Ni31Sii2, Ni2Si and NizSiz> phases. The comparison between NiSi alloy and Ni
annealed samples, reported in Fig. 4, shows the presence of Si-rich phases in NiSi alloy sample,
confirming that adding Si to Ni moves the reaction ahead, fixed the laser annealing process
parameters. In fact, the Ni-Si reaction starts at the interface between Ni and SiC and moves from Ni-
rich phases towards Si-rich ones. As the silicide reaction moves forward, the electrical behaviour of
ohmic contact improves, as shown by Sheet Resistance and Forward Voltage measurements reported
in Fig. 1 and Fig. 2.
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Fig. 5. Cross sectional TEM analysis of NiSi alloy sample annealed at 3.8 J/cm?, two pulses. The
reacted material shows an interfacial layer, a Ni-Si network region, and a graphite layer on top ().
HR-TEM micrographs show the presence of NiSiz regions and C-clusters in the Ni-Si network area

(b), and the presence of stacking faults in the interfacial layer with 4H-SiC (c).

The morphology of NiSi alloy sample annealed at 3.8 J/cm? with two pulses has been investigated
by cross-sectional TEM analyses (Fig. 5). As visible in Fig. 5a, the reacted material shows an
interfacial layer, a Ni-Si network region, and a graphite layer on top. NiSiz regions and C-clusters are
included in the Ni-Si network area, as shown by cross-sectional High-Resolution TEM micrograph
reported in Fig. 5b. The presence of stacking faults in the interfacial layer with 4H-SiC has been
revealed by HR-TEM (Fig. 5c¢).
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Summary

The silicide reaction between a NiSi alloy and 4H-SiC under excimer UV laser annealing has been
investigated, with the aim of finding an alternative to Ni and Ti for the ohmic contact formation on
thin SiC wafers, enlarging the range of process options. It has been found that, fixed the laser
annealing conditions, the addition of Si to Ni in the contact metal layer moves the silicide reaction
forward. Moreover, a strong relationship has been observed between the electrical behavior of the
annealed contacts and the structural and morphological properties of the reacted layers. Exploring the
role of Si content in the NiSi alloy, by changing the composition of starting material, could shed
additional light on the reaction process. NiSi alloy could represent a valuable opportunity for the
formation of ohmic contacts on SiC by laser annealing.

References

[1] T.Kimoto, J.A. Cooper, Fundamentals of silicon carbide technology: growth, characterization,
devices and applications, John Wiley & Sons, New York, 2014.

[2] F. Roccaforte, P. Fiorenza, G. Greco, R. Lo Nigro, F. Giannazzo, F. Iucolano, M. Saggio,
Emerging trends in wide band gap semiconductors (SiC and GaN) technology for power
devices, Microelectron. Eng. 187 (2018) 66-77.

[3] M. Mazzillo, A. Sciuto, G. Mannino, L. Renna, N. Costa, P. Badala, Towards a high performing
UV-A sensor based on Silicon Carbide and hydrogenated Silicon Nitride absorbing layers,
Journal of Instrumentation, 11 (2016) P10010.

[4] S. Rascuna, G. Bellocchi, P. Badala and 1. Crupi, U.S. Patent 11,605,751. (2023).

[5] M. De Napoli, SiC detectors: A review on the use of silicon carbide as radiation detection
material, Frontiers in Physics, 10 (2022) 769.

[6] S. Tudisco, F. La Via, C. Agodi, C. Altana, G. Borghi, M. Boscardin, G. Bussolino, L.
Calcagno, M. Camarda, F. Cappuzzello, D. Carbone, S. Cascino, G. Casini, M. Cavallaro, C.
Ciampi, G. Cirrone, G. Cuttone, A. Fazzi, D. Giove, G. Gorini, L. Labate, G. Lanzalone, G.
Litrico, G. Longo, D. Lo Presti, M. Mauceri, R. Modica, M. Moschetti, A. Muoio, F. Musumeci,
G. Pasquali, G. Petringa, N. Piluso, G. Poggi, S. Privitera, S. Puglia, V. Puglisi, M. Rebai, S.
Ronchin, A. Santangelo, A. Stefanini, A. Trifird, M. Zimbone, Sicilia - silicon carbide detectors
for intense luminosity investigations and applications, Sensors, 18 (2018) 2289.

[7] K. Huet, F. Mazzamuto, T. Tabata, I. Toqué-Tresonne, Y. Mori, Doping of semiconductor
devices by Laser Thermal Annealing, Materials Science in Semiconductor Processing, 62
(2017) 92-102.

[8] M. Vivona, F. Giannazzo, G. Bellocchi, S.E. Panasci, S. Agnello, P. Badala, A. Bassi, C.
Bongiorno, S. Di Franco, S. Rascuna, F. Roccaforte, Effects of Excimer Laser Irradiation on
the Morphological, Structural, and Electrical Properties of Aluminum-Implanted Silicon
Carbide (4H-SiC), ACS Appl. Electron. Mater. 4 (2022) 4514-4520.

[9] G.Li,M.Xu,D. Zou, Y. Cui, Y. Zhong, P. Cui, K.Y. Cheong, J. Xia, H. Nie, S. Li, H. Linewih,
B. Zhang, X. Xu, J. Han, Fabrication of Ohmic Contact on N-Type SiC by Laser Annealed
Process: A Review, Crystals, 13 (2023) 1106.

[10] J.R. Silk, V. Veliadis, D. Tenaglia, P. Badala, S. Rascuna, Manufacturing Process, in: M. Di
Paolo Emilio (Ed.), SiC Technology: Materials, Manufacturing, Devices and Design for Power
Conversion, Springer Nature, Switzerland, 2024, pp. 66-99.

[11] A. Alberti, P. Badala, G. Pellegrino, A. Santangelo, Structural and electrical characterization of
silicided Ni/Au contacts formed at low temperature (< 300° C) on p-type [001] silicon, J. Appl.
Phys. 110 (2011) 123510.



86

Interface, Dielectrics and Ohmic Contact in SiC Power Devices

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

P. Badala, A. Santangelo, G. Pellegrino, A. Alberti, Silicided Au/Ni bilayer on p-type [001]
silicon for low contact resistance metallization schemes, Microelectronic Engineering, 107
(2013) 196-199.

P. Badala, G. Faro, C. Marcellino, G. Pellegrino, A. Santangelo, A. Alberti, Structural
characterization of in-situ silicided contacts textured on p-type [001] silicon, Phys. Status Solidi
C, 11 (2014) 160-163.

S. Rascuna, P. Badala, C. Tringali, C. Bongiorno, E. Smecca, A. Alberti, S. Di Franco, F.
Giannazzo, G. Greco, F. Roccaforte, M. Saggio, Morphological and electrical properties of
Nickel based Ohmic contacts formed by laser annealing process on n-type 4H-SiC, Materials
Science in Semiconductor Processing, 97 (2019) 62-66.

C. Berger, D. Alquier, M. Bah, J.F. Michaud, Electrical, morphological and structural properties
of Ti ohmic contacts formed on n-type 4H—SiC by laser thermal annealing, Materials Science
in Semiconductor Processing, 151 (2022) 106983.

C. Berger, D. Alquier, J.F. Michaud, Optimisation of Ti Ohmic Contacts Formed by Laser
Annealing on 4H-SiC, Materials Science Forum, 1062 (2022) 219-223.

P. Badala, S. Rascuna, B. Cafra, A. Bassi, E. Smecca, M. Zimbone, C. Bongiorno, C.
Calabretta, F. La Via, F. Roccaforte, M. Saggio, G. Franco, A. Messina, A. La Magna, A.
Alberti, Ni/4H-SiC interaction and silicide formation under excimer laser annealing for ohmic
contact, Materialia, 9 (2020) 100528.

Z. Zhou, W. He, Z. Zhang, J. Sun, A. Schoner, Z. Zheng, Characteristics of Ni-based ohmic
contacts on n-type 4H-SiC using different annealing methods, Nanotechnology and Precision
Engineering, 4 (2021) 013006.

P. Badala, E. Smecca, S. Rascuna, C. Bongiorno, E. Carria, A. Bassi, G. Bellocchi, S. Castorina,
C. Tringali, A. La Magna, A. Alberti, Structural and electrical characterization of Ni-based
ohmic contacts on 4H-SiC formed by solid-state laser annealing, Materials Science Forum,
1062 (2022) 417-421.

J. Ding, X. Li, K. Yang, Y. Zhu, J. Chen, C. Zhang, L. He, Influence of the absorption layer on
the pulsed laser (355 nm) annealing thermal budget during formation of Ni-based ohmic
contacts on 4H-SiC substrate, J. Appl. Phys. 131 (2022) 065108.

Q. Jiao, T. Zhu, H. Zhou, Q. Li, Improved Electrical Characteristics of 1200V/20A 4H-SiC
Diode by Substrate Thinning and Laser Annealing, Journal of Physics: Conference Series, 2083
(2021) 022094.

S. Sanzaro, C. Bongiorno, P. Badala, A. Bassi, G. Franco, P. Vasquez, A. Alberti, A. La Magna,
Inter-diffusion, melting and reaction interplay in Ni/4H-SiC under excimer laser annealing,
Applied Surface Science, 539 (2021) 148218.

P. Badala, 1. Deretzis, S. Sanzaro, F.M. Pennisi, C. Bongiorno, G. Fisicaro, S. Rascuna, G.
Bellocchi, A. Bassi, M. Boscaglia, D. Pagano, P. Vasquez, M. Enachescu, A. Alberti, A. La
Magna, Ni-Silicide Ohmic Contacts on 4H-SiC Formed by Multi Pulse Excimer Laser
Annealing, Solid State Phenomena, 344 (2023) 15-22.

J.F. Michaud, C. Berger, D. Alquier, Nickel Ohmic Contacts Formed on 4H-SiC by UV Laser
Annealing, Solid State Phenomena, 359 (2024) 91-96.

K. Kim, Y. Kang, S. Yun, C. Yang, E. Jung, J. Hong, K. Kim, Reduced On-Resistance and
Improved 4H-SiC Junction Barrier Schottky Diodes Performance by Laser Annealing on C-
Face Ohmic Regions in Thin Structures, Coatings, 12 (2022) 777.



Materials Science Forum Vol. 1192 87

[26]

[27]

[28]

[29]

[30]

[31]

P. Badala, C. Bongiorno, P. Fiorenza, G. Bellocchi, E. Smecca, M. Vivona, M. Zignale, M.
Massimino, I. Deretzis, S. Rascuna, M. Frazzica, M. Boscaglia, F. Roccaforte, A. La Magna,
A. Alberti, Electrical and structural properties of ohmic contacts of SiC diodes fabricated on
thin wafers, Solid State Phenomena, 359 (2024) 97-103.

M. Opprecht, S. Kerdiles, C. Jung, J. Biscarrat, P. Godignon, C. Masante, R. Laviéville, A.
Grenier, F. Roze, Z. Chehadi, T. Tabata, L. Thuries, Ni/4H-SiC ohmic contact formation using
UV nanosecond laser annealing, Phys. Scr. 100 (2025) 045952.

M. Opprecht, S. Kerdiles, J. Biscarrat, P. Godignon, C. Masante, R. Laviéville, N. Vaxelaire,
P. Gergaud, A. Grenier, C. Jung, F. Roze, Z. Chehadi, L. Thuries, L. Lu, T. Tabata, N1/4H-SiC
Ohmic Contact Formation Using Multipulse Nanosecond Laser Annealing, Solid State
Phenomena, 359 (2024) 65-70.

S. Sanzaro, C. Bongiorno, P. Badala, A. Bassi, I. Deretzis, M. Enachescu, G. Franco, G.
Fisicaro, P. Vasquez, A. Alberti, A. La Magna, Simulations of the ultra-fast kinetics in Ni-Si-
C ternary systems under laser irradiation, Materials, 14 (2021) 4769.

K. Huet, J. Aubin, P.E. Raynal, B. Curvers, A. Verstraete, B. Lespinasse, F. Mazzamuto, A.
Sciuto, S.F. Lombardo, A. La Magna, Pulsed laser annealing for advanced technology nodes:
Modeling and calibration, Applied Surface Science, 505 (2020) 144470.

S.F. Lombardo, S. Boninelli, F. Cristiano, I. Deretzis, M.G. Grimaldi, K. Huet, E. Napolitani,
A. La Magna, Phase field model of the nanoscale evolution during the explosive crystallization
phenomenon, J. Appl. Phys. 123 (2018) 105105.



