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On the Formation of Low-Resistivity Contacts for 4H-SiC Bipolar Devices
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The results of studies on the development of technological methods for the formation of low-resistivity contact
systems to n- and p-SiC based on single and multilayer Ni-, Al- and Ti-compositions for 4H-SiC based bipolar

devices are presented.

It is shown that the formation of low-resistivity contacts based on Ni to n-4H-SiC

(pc = 3.6 - 107 Ohm - cm?) and Ni/Al to p-4H-SiC (pc = 5.9 - 107> Ohm - cm?) is possible within a single cycle
of vacuum annealing at 1000°C for 120s. This technological solution makes it possible to reduce the number of

high-temperature processes.
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1. Introduction
An important task in the technology of SiC-devices
(4H-SiC) for various applications is the creation of low-
resistance ohmic and thermally-stable contacts to regions
having different conduction types [1]. Although this issue
has been thoroughly studied by now and the obtained
results allow for creation of reproducible and reliable contact
systems of a metal with 4H-SiC in JBS and MOSFET
commercial devices, works in this area are continued and
remain a topic for discussion [1,2]. Attention is called to
certain discrepancies in the published experimental results
as regards minimization of specific contact resistance (o)
when using similar metals and their compounds, and as
regards similar conditions of ohmic contact formation. This
circumstance shows that process conditions of formation
of ohmic contacts are unique and determined by a com-
bination of process flow peculiarities: surface preparation
method, metal deposition method, heat treatment modes
and conditions. Moreover, an important factor that defines
the value of p. is the region of ohmic contact formation: a
heavily doped substrate, epitaxial or ion-implanted layers.
Nevertheless, a common feature for the manufacture of
ohmic contacts to all the given types of SiC-regions is
the metal deposition, followed by rapid high-temperature
annealing (RTA: resistive, high-frequency, radiation or laser)
at 900—1100°C in vacuum or in an inert atmosphere [3-5].
Various metals, combinations of metals, alloys and silicide
compounds are used as a contact material for 4H-SiC.
The most popular metal is Ni, which under heat treatment
at > 900°C forms nickel silicide (Ni,Si) as a result of solid-
phase reactions, which provides a low-resistance ohmic con-
tact to n-SiC [3,5], as well as ohmic contact to heavily doped
ion-implanted layers of p-SiC with p. usually by 1—2 orders
higher than to n-SiC [6]. The use of this metal is of interest
when creating a self-aligned contact of the Ni-SALICIDE
type (self-aligned silicide) [7,8] through openings in SiO,,
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for instance, in case of simultaneous formation of ohmic
contacts to n™- and p*-regions of MOSFET source.

In addition to nickel, compounds based on AUTi [3],
AUTI/Ni [9], AINi [8] etc. are usually used for formation
of low-resistance contacts to p-SiC. It should be noted that
titanium and nickel in these multilayer compounds are used
as upper covering layers, which hinder the formation of a
well-developed microrelief [9].

The paper presents the results of studies in tryout of
process techniques for formation of low-resistance contact
systems to n- and p-SiC based on monolayer and multilayer
Ni-, Al- and Ti-compositions for bipolar 4H-SiC devices for
pulse power electronics [10] and UV-diodes [11].

2. Experimental procedure

The following metals and compounds were used to
fabricate ohmic contacts: Ni for the contact to n-4H-SiC,
Ni, Al/Ni, Al/Ti/Ni for the contact to p-4H-SiC. Contacts to
n-SiC were formed on double-side polished n-4H-SiC sub-
strates having the specific resistance of 0.02—0.03 Ohm - cm
(Fig. 1,a). Properties of contacts to p-SiC layers were
studied on multilayer double-side polished intended for
the manufacture of high-voltage p—n-diodes with p-type
drift region [10]. Ohmic contacts were formed to the
upper pt-epilayer (Fig. 1,6). |-V measurements and
extraction of p; were performed using the linear TLM-
method (Transmission Line Method) as the simplest one
in implementation and an optimal one for the studied
objects, being a ,,metal on-homogeneously doped semicon-
ductor“structure [12].

Contacts for TLM-measurements were manufactured in
the following sequence: RCA-cleaning of the SiC surface,
200 nm thick SiO, deposition, photolithography and open-
ings in the SiO; layer, metal deposition lift-off for and TLM-
topology formation (Fig. 1,¢). In order to study the impact
of annealing temperature on pc, the wafers were cut into
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Figure 1. Schematic diagrams of test structures for studying contact resistances to n-4H-SiC (a), p-4H-SiC () and photography of their

TLM-topology (c).

small-area samples so that the quantity of TLM-elements
was at least 10 per sample.

High-temperature annealing of Ni/n-SiC, Ni/p-SiC,
Ni/Al/p-SiC, Ni/Al/Ti/p-SiC samples was performed in
vacuum at 800, 850—1100°C for 120s.

3. Experimental results

| =V characteristics of the obtained samples were mea-
sured using the procedure for specific contact resistance
determination by the TLM-method [12]. As an example,
Fig. 2 shows |-V curves for as-deposited non-annealed
Ni/n-SiC, Ni/p-SiC, Ni/Al/p-SiC, Ni/Al/Ti/p-SiC samples. It
can be seen that the characteristics are not linear and virtu-
ally symmetrical in relation to the coordinate center. Their
form corresponds to |—V characteristics of back-to-back
Schottky barrier diodes made on heavily doped substrates
or epitaxial layer. A non-linear current-voltage characteristic
is stil observed on the samples annealed at 800°C (Fig. 2, a).
Starting from the annealing temperature of 850°C and
higher, the samples’ current-voltage characteristics become
linear (ohmic), which allows for correct determination of
specific contact resistance by the TLM-method.

The calculation of specific contact resistance using the
linear TLM-method has shown that the minimum values of
pc for the Ni/n-SiC, Ni/p-SiC, Ni/Al/p-SiC, Ni/Al/Ti/p-SiC
samples are achieved at the annealing temperature of
1000°C (Fig. 3), which is probably optimal for the formation
of low-resistance ohmic contacts. Figure 3 shows that
the minimum specific contact resistance for Ni/n-SiC was
3.6-107*Ohm-cm?  This value is typical for ohmic
contacts to nN-SiC [1-4]. The Ni (200 nm)/Al (50 nm)/p-SiC
samples among the studied contact systems to p-SiC had the
smallest pc = 5.9 - 107> Ohm-cm?. This value is several
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Figure 2. Current-voltage characteristic of contact systems:

Ni/n-SiC (a) and Ni/p-SiC, Ni/Al/p-SiC, Ni/AVTi/p-SiC (b).
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Figure 3. Plots of specific contact resistance for: Ni/n-SiC,

Ni/p-SiC, Ni/Al/p-SiC, Ni/AVTi/p-SiC vs. annealing temperature.

times lower than specific contact resistance as compared to
the composition based on Ni and Ni/Al/Ti which is widely
used in the SiC-device technology [8]. As mentioned earlier,
this result reflects the individual peculiarities of process
operations during the formation of contact systems.

4. Conclusion

The studied contact systems have shown a low value of p¢
to n-SiC and p-SiC, which allows for the use in the creation
of device structures. It has been shown that the formation
of low-resistance contacts based on Ni to n-4H-SiC and
Ni/Al to p-4H-SiC is possible in a single process cycle
of vacuum annealing at 1000°C for 120s. This process
solution makes it possible to reduce the number of high-
temperature processes in the manufacture of bipolar devices
based on 4H-SiC.

Conflict of interest

The authors declare that they have no conflict of interest.

References

[1] T. Kimoto, JA. Cooper. Fundamentals of silicon carbide
technology: growth, characterization, devices and applica-
tions (Singapore, John Wiley & Sons, Inc., 2014).

[2] F. Roccaforte, M. Vivona, G. Greco, R. Lo Nigro, F. Gian-
nazzo, S. Rascuna, M. Saggio. Mater. Sci. Forum, 924, 339
(2018).

[3] M.G. Rastegayeva. Synopsis of PhD thesis. (SPb, Ioffe
Institute, 1999) p. 16.

[4] A.V. Afanasyev. Synopsis of PhD thesis. (SPb, SPETU
»LETI“, 1999) p. 16.

[5] LP. Nikitina, K.V. Vassilevski, N.G. Wright, A.B. Horsfall,
A.G. ONeill, CM. Johnson. J. Appl. Phys., 97, 083709
(2005).

[6] M. Vivona, G. Greco, F. Giannazzo, R. Lo Nigro, S. Rascuna,
M. Saggio, F. Roccaforte. Semicond. Sci. Technol., 29, 075018
(2014).

[7] H. Elahipanah, A. Asadollahi, M. Ekstrom, A. Salemi,
C. Zetterling, M. Ostling. ECS J. Solid State Sci. Technol.,
6(4), 197 (2017).

8] T. éledziewski, T. Erlbacher, A. Bauer, L. Frey, X. Chen,
Y. Zhao, C. Li, X. Dai. Mater. Sci. Forum, 963, 490 (2019).

[9] M. Vivona, G. Greco, C. Bongiorno, S. Di Franco, R. Lo Ni-
gro, S. Scalese, S. Rascuna, M. Saggio, F. Roccaforte. Mater.
Sci. Forum, 924, 377 (2018).

[10] AV. Afanasyev, YuA. Demin, B.V. Ivanov, VA. llyin,
AF. Kardo-Sysoev, V.V. Luchinin, S.A. Reshanov, A. Schoner,
K.A. Sergushichev, A.A. Smirnov. Mater. Sci. Forum, 924, 841
(2018).

[11] AV. Afanasyev, VA. Ilyin, SA. Reshanov, A.A. Romanov,
KA. Sergushichev, A.V. Serkov, D.A. Chigirev. Nano- i
mikrosistemnaya tekhnika, 18 (5), 331 (2016) (in Russian).

[12] GK. Reeves, H.B. Harrison. IEEE Electron Dev. Lett., 3 (5),
111 (1982).

Semiconductors, 2022, Vol. 56, No. 6



