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Abstract. Transfer Length Method (TLM) based-structures wéabricated on 0.8 pm-thick
epitaxial p-type Silicon Carbide (4H-SiC) layerd.M mesas were defined by a 2 um height using
an SK/O; reactive ion etching. TLM metal patterns were otgd by a lift-off procedure and
electron beam deposition of Ni, Ti, Al and Pt. Tpatterned samples were annealed in Argon
ambient at temperature ranging from 700°C up to0100n a RTA furnace with a rapid heating
ramp (up to 50°C/s) to complete the ohmic contaith ihe p-type SiC layer. Specific contact
resistances were extracted from current/voltagesareanents. To identify and follow the profile
evolution of constituting element in the contactd at the SiC/contact interface, the ohmic contacts
were characterized using Secondary lon Mass Speetrp and Energy-Dispersive X-Ray
spectroscopy before and after annealing. Ohmicactsitare obtained only for the Ni/Ti/Al and
Ni/Ti/Al/Ni stacking layers and not for the Ti/AlilNi and Ti/Al/Ti/Pt/Ni compositions. The
specific contact resistance of Ni/Ti/Al/Ni stackitayers was observed to decrease from 2.7x10
Q.cnt at 700°C and 6.3x10Q.cn? at 750°C to a minimal value of 1.5X1@.cnf at 800°C.
Ohmic contacts are obtained with a reproducibdit0 %.

Introduction

Silicon carbide (SiC) is a promising wide bandgamgonductor material for high temperature,
high-power and high-frequency device applicatidgt®vever, there are still a number of factors that
are limiting the device performance. Most SiC-baséttronic devices which cannot sustain a
long-term operation at high power and/or tempeeatsuffered deterioration of their metal/SiC
contacts. Therefore, one of the most importantaitatal factor is the formation of low resistivity
ohmic contacts with good thermal, mechanical arehgbal stability on silicon carbide [1,2].

From the literature, we can find many difficultiesthe realization of the ohmic contacts to p-
type SIC, due to its wide bandgap value and itenmgatibility with the work functions of the usual
metals used for ohmic contact fabrication. To amswethis problem, it is generally necessary to
choose metals with low Schottky barrier, lowerihgs tbarrier height by annealing to form a silicide
at the metal-SiC interface, and by overdoping @t8gC layer close to the metal contact.

Several metals have been investigated for the pagpa of ohmic electrical contacts. Among
them, nickel, titanium, aluminium and platinum hatgacted more attention as ohmic contact for
p-type SIiC, due to their relatively low contactisésity obtained. Many groups have obtained
ohmic contact using Ni or Ni/Ti with specific contaesistance in the order of i@cn? [2], since
these metals are successfully used in the falbwitati ohmic contacts to n-type SiC layers [3-4].

Nevertheless, the achieved specific resistancep-type SiC layers are not enough low for
reliable power or high temperature applications. ifigprove the quality of these contacts,
aluminium based metals such as Ti/Ni/Al, Ni/Al aAlTi have been studied resulting in specific
contact resistances lower than 1¥X0cny’ [5-7]. Ni presence in these alloys seems to deeréze



annealing temperature required to obtain ohmicamsatas Ni reacts with SiC from 500°C [5]. For
the Al-Ti alloy, the ohmic behaviour remains veensitive to the Al content. For the configuration
of AI(90%) Ti(10%) in weight the lowest specificsistance is 1xIDQ.cn? but not reproducible
[8]. On the other hand, the AI(70 %) Ti(30 %) corapion represents the best compromise for a
good contact with a reproducibility of specificigtance of the order of 1.2@cn? [9-10].

Al, which is also a p-type dopant for SiC, is getigrconsidered as an element responsible for
forming ohmic contacts on p-type SiC, producingeaily p-type doped region near the SiC/metal
interface [8]. Thus, to fabricate low resistancateacts, high concentration of Al is believed to be
necessary. However, its chemical and themodynanmstdbility requires that a secondary metal is
necessary to form stable ohmic contacts when Aéddsms are used [10]. Alternative materials
such as co-evaporation of TiC and sputtered Ti\eHaeen studied to form ohmic contacts on high
doped p-type SiC obtaining specific ohmic resistanicseveral 10 Qcnv [11].

In this paper, we report on the investigation cipwated Al-Ti-Ni metal-based ohmic contacts
to p'-type 4H-SiC. We selected Ni as the key contaghetd, because its ability to form4Si alloy
at low temperatures as 500°C [4,5,12]. Ti was adddtie Ni/Al contacts to prevent the formation
of unreacted interfacial carbon atoms [13]. It bagn also argued that the formation of the alloy
TisSIiC; is favoring the formation of the ohmic contact bt its role remains to be proved [14].

Metal contact compaosition Thickness of the layars)(
Ti-Al-Ti-Pt-Ni 4-60-100-25-25

Ti-Al-Ti-Ni 5-60-30-100

Ni-Ti-Al 25-50-300

Ni-Ti-Al 12.5-25-150

Ni -Ti-Al- Ni 12.5-50-300-12.5

Ni -Ti-Al- Ni 10-40-240-10

Ni -Ti-Al- Ni 5-20-120-5

Table 1: Thicknesses of Ni, Al, Pt and Ti layerpaieed on SiC p-type epilayers.

Experimental

Transfer Length Method (TLM) based-structures wrtwicated on 0.8 pum-thick epitaxial p-
type (Na= 3x103° cmi®) layers grown on an n-type epilayery(N5x103° cm®) with a thickness of 12
pum. Prior to the metal deposition, the SiC samplese degreased in organic solvents followed by
standard RCA cleaning. 2 um height TLM mesas wefned by a SO, reactive ion etching
transfer through a 400nm thick Ti/Ni hard metal kndsposited by electron beam evaporation. The
residual metal mask was removed by wet etchingallyinelectron beam deposited Ni, Ti,Al,Pt
TLM metal patterns were obtained by a lift-off pedcire. The chamber pressure before depositing
was as low as 5x10Torr. Various metal combinations were attemptee (Eable 1 for details).

The patterned samples were annealed in argon amdielemperatures ranging from 700 to
1000°C during 90s in a RTA JIPELEC furnace with raphite holder using a two steps-based
thermal procedure. The first step was made ataively low temperature, 350°C, to favor the
intermixing between the metallic layers. Therefoire,the second step, the temperature was
increased with a rapid heating ramp (up to 50°@s)omplete the ohmic contact with the p-type
SiC layer. Prior to metal annealing, the furnace wlaaned with successive vacuum purges.

The electrical properties of the contacts wereetksising |-V current/voltage measures. The
specific contact resistances were extracted fromg Istructures, with 80 x 500 um?2 rectangular
pads spaced of 25, 35, 45, 55, 65 and 75 um. W@ lgepatterns presenting wide pads close to
the mesa etching limit to neglect the transversesatiand to obtain a one-dimensional current.

To complete our study, the ohmic contacts wereyaedl by Secondary lon Mass Spectrometry
(SIMS) with a CAMECA IMS 4F and Energy-DispersiveRéy (EDX) spectroscopy with a Philips
CM120 SEM before and after annealing. Identifiaateind following of the profile evolution of
constituting element in the contacts and at théc®i@tact interface have been performed.



Results and discussion

Alloyed contacts were produced by depositing thigtahlayers and intermixing them into SiC
during the high-temperature anneal. Ni/Ti/Al-basetal compositions were investigated by
depositing first nickel, then titanium and alummmiwith and without capping of nickel, on the p-
type SIiC epilayer. Additionally, two complementasgructures made of Ti/Al/Ti/Pt/Ni and
Ti/Az\(I)/Ti/Ni were fabricated.
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Fig.1. I-V characteristics of the contacts for floeir Fig.2. Resistance vs distance between TLM pads of
different alloys after 90s annealing at 800 °C. the Ni/Ti/Al contacts after 90s annealing at 800 °C

For the compositions Ti/Al/Ti/Ni and Ti/Al/Ti/Pt/Nil-V curves after annealing are not linear
indicating the non-ohmic properties for such cotst€Eig. 1). Even though the relationship in work
function between Pt and p-type SiC seems to be adalpted [8], the addition of this metal in the
Ti/Al/Ti/Ni contact had no effect on the formatiohthe ohmic contact.

For all temperatures of annealing, we have notedptiesence of an on-surface insulating layer
for Ni/Ti/Al metallic contacts. This makes diffidulo well characterize these contacts without an
adding mechanical ‘scratch’ of the surface. Thithesreason we do not obtain a linear variation of
the resistance between the TLM metal patterns thighdistance between them, despite the ohmic
contacts we achieved (Fig. 2). At this point wegasied that this could be due to the oxidation of
the last aluminium layer. To protect the easy axista Ni covering was carried out.

Annealing Ni/Ti/Al/Ni and Ni/Ti/Al contacts at tengpature as low as 700°C has resulted in a
linear I-V characteristic (Fig. 1), indicating ththe contact became ohmic. From these results we
can conclude on the necessity of the Ni presencheatSiC interface in order to form ohmic
contacts.

Finally the dependence of the specific resistariddi/di/Al/Ni contacts as a function of the final
annealing temperature was analyzed (Fig. 3). This @bserved to decrease from 2.7%0&n’ at
700°C to a minimal value of 1.5xP0Q.cn? at 800°C, then increasing for upper temperatures
leading also to a deterioration of the ohmic propsr An almost constant sheet resistance of the p-
type layer, between 2.7 to 3.8k, was determined from these TLM measurements.
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Fig.3. Resistance extracted versus distance betwidev pads of the Ni(10)/Ti(40)/Al(240)/Ni(10nm)
contacts and dependence of the specific contaettesce from annealing temperatures at 700 to 850°



Like for the Ni/Ti/Al contacts we had an insulatifayer formed on the edges of the TLM metal
electrodes for Ni/Ti/Al/Ni samples, when the qugntf Ni was insufficient (samples with 5nm of
Ni — Table 1). At the edge of the TLM electrodes Mi superficial layers is torn out during the-lift
off process. This is probably due to the geomattgssof the photoresist close to the mesa that does
not allow a well covering of the Al layer by a ttlan Ni layer during e-beam evaporation. This
makes difficult the -V measurements with the exteeTLM electrodes.

Overall with the Ni/Ti/Al/Ni structures we noticea reproducibility of the 80 % in terms of
ohmic contacts obtained without an insulating-tesss layer on surface. Therefore, physico-
chemical studies are led to identify the chemiaaihposition of the formed contact layers and
especially for this insulating layer.

The interfacial reactions between metals and Si& h&en analysed by SIMS. The results of the
SIMS profile of the metallic Ni(5nm)/ Ti(20nm)/ AIROnm)/ Ni(5nm) stacking layers before the
annealing are given in Fig. 4a. We can clearly s&eh metal element from the top to the SiC

interface corresponding to their respective depdgwosition.
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Fig. 4. SIMS spectra for measurements a) beforetgrafter annealing of Ni/Ti/Al/Ni-4H-SiC sample.

The RTA process leads to the intermixing of theatsetvith the formation of Al-enriched zone
close to the top surface and an interacting zoagecto the SiC interface where Ti, Ni, Si and C
have diffused leading probably to the formationNa$Si, TiC and T4SiC, alloys favouring the
ohmic property. We note the absence of a carbayerlat the SiC interface which is often reported
to be responsible for the high values of the speotimic contact resistivity (Fig. 4b). The absence
of unreacted interfacial carbon atoms must be zaa@ with the presence of the Ti which is a key-
element with a significant diffusion both towartie tsurface and the SiC interface. Compared to the
results presented by Vassilevski et al [6], prefitg Ti and C that we obtained are not correlated.
We therefore suppose that;JiC, ternary phase have been formed instead of TiGnAstionned
by Johnson et al [7] T8IC, ternary phase presents a significant effect infoheation of ohmic
contact to p-type SiC by forming a narrow-gap ifaeial alloy reducing the Schottky barrier height
at the metal-SiC interface. Moreover, our resutiisws how important the presence of the Ni at the
metal-SiC interface can be for the formation obkand reliable ohmic contacts.

As we utilized oxygen as primary source during SIM8asurements, complementary analyses
were performed using EDX. Results are given in @dbbefore and after annealing. It was found
that the contact layer presents an important amoli20 at% of Q only after annealing and not
before, meaning that the annealing process didifsigntly changed the amount of oxygen
introduced into the films. This incorporation idlstot well understood in our RTA equipment and
seems to be dependent of the presence of Al layee € proportion is increasing from 20 at% to
30 at% with the increasing of the Al thickness fra20 to 300 nm. This oxygen presence did not
influence the ohmic property of the Ni/Ti/Al/Ni ctacts. This should indicate that it would be a
surface-limited reaction with Al only, ohmicity g due to Ni and Ti deeper interaction with SiC
interface. Thus rather it would be necessary toesme the thickness of the covering Ni layer on
surface which in priori does not really play a rmiéhe formation of the ohmic contact.



C @) Al S Ti Ni

Before w% | 8.82 0.00 34.86 39.83 1.00 15.49
annealing | at% | 19.70 | 0.00 34.65 38.02 0.56 7.07
After w% | 8.06 13.56 | 34.49 35.95 0.00 7.93

annealing | at% 15.93 | 20.12 30.35 30.39 0.00 3.21
Table 2: EDX results after annealing Ni(5nm)/Ti(B9)HAI(120nm)/Ni(5nm) 4H-SiC sample.

Summary

After an examination of four different alloys it eertain that only Ni/Ti/Al/Ni and Ni/Ti/Al
alloys, produce ohmic contacts on doped p-typev@t Na=3x10" cn®. Annealing at temperature
in the range 700-800°C results in an ohmic behawaad a deterioration of the contacts is observed
for higher temperatures. The lowest contact resigtof 1.5.10° Qcn? has been achieved after
annealing at 800°C during 90s in argon atmosphere.

The results of this study show a double role ofNinekel: addition into the contact composition
in at the interface is needed to obtain ohmic adatand in surface to avoid the formation of the
insulating layers. Carbonic layer is not preserthatmetal-SiC interface which is often reported to
be responsible for the high values of the spedaifimic contact resistivity. This shows also the role
of Ti at interface to prevent the formation of wawted interfacial carbon atoms. The addition of Pt
had no effect on the formation of the ohmic contact

Overall with the Ni/Ti/Al/Ni structures we noticea reproducibility of the 80 %, in terms of
ohmic contacts obtained without an insulating-tesdayer on surface. From EDX analyses a large
amount of oxygen in all the contacts was obtained this may explain the only 80% reliability
yield result. To improve this yield the thicknesStbe Ni layer on surface must be increased
especially at the mesa edge proximity.
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