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Ti/WSi/Ni ohmic contact to n-type SiCN�
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Abstract: Ti/WSi/Ni contact to n-type SiCN was investigated using the circular transmission line method. Cur-
rent–voltage characteristics, X-ray diffraction and X-ray photoelectron spectroscopy were used to characterize the con-
tacts before and after annealing. It is shown that the conducting behavior of the contacts is dependent on the annealing
temperature. After annealing at 900 ıC or above, ohmic contacts with specific contact resistivity were achieved. The
1000-ıC-annealed contact exhibits the lowest specific contact of 3.07 � 10�5 ��cm2. The formation of ohmic contact
with low specific contact resistivity was discussed.
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1. Introduction

Silicon carbon nitride (SiCN) has been considered as a
promising semiconductor material for MEMS (micro-electro-
mechanical systems) devices operated at high temperature be-
cause of its wide interesting physical characteristics, such as
hardness, oxidation resistance, corrosion resistance, wide en-
ergy band dap, and good thermal conductivityŒ1�16�. To re-
alize SiCN MEMS devices for high temperature, one of the
most important problems is to obtain thermal dynamically sta-
ble ohmic contacts with low contact resistance between the
films and electrode. However, during the past years, most of
the studies of SiCN films have been focused on the prepa-
ration and characterization of the filmŒ1�8; 14�16�, while rela-
tively few researches were on the contact properties of SiCN
filmsŒ17�. Therefore, here we present our studies on the ohmic
contacts of n type SiCN films.

Considering metal such as Ni has been shown to react with
Si to form nickel silicides at temperatures lower than 600 ıC,
pure metal contacts to SiCNmight be thermally unstable at rel-
atively low temperatures. Therefore, like the case for GaAs,
multilayered materials should be introduced into contacts on
SiCN to form carbides and nitrides with the goal to constrain
the excess carbon and nitrogen at the interface after annealing.
In this paper, we report a low contact resistivity for Ti/WSi/Ni
on n-type SiCN. Current–voltage characteristic of the contacts
before and after rapid thermal annealing at temperatures rang-
ing from 300 to 1000 ıC are investigated and discussed, and the
microstructure at the interface of the Ti/WSi/Ni-SiCN structure
was analyzed using X-ray diffraction spectroscopy (XRD) and
X-ray photoelectron spectroscopy (XPS) depth profiles.

2. Experimental

2-�m-thick P-doped SiCN films were grown on p-type
(100) direction silicon wafer (resistivity, 4 ıC 10 ��cm2/ with
plasma enhanced chemical vapor deposition system. During
deposition, the substrate temperature was kept at 1000 ıC.

CH4, SiH4, N2, PH3 were used as source materials for C, Si,
N, and n-type dopant, respectively, and their flow rates were
kept at 20, 20, 20, and 4 sccm, respectively. According to Hall
measurements, the carrier concentration and mobility of the
as-deposited n-SiCN films are about 9 � 1017 cm�3 and 221
cm2/(V�s) respectively.

The contact material Ni (20 nm), WSi (40 nm), and Ti (20
nm) were sputtered-deposited in sequence on the surface of the
SiCN samples under a base pressure of 3� 10�4 Pa. A standard
photolithographic lift-off procedure was then conducted to ob-
tain the CTLM (circular transmission line method) structure of
the samples. The CLTM pattern, which consists of eight con-
tact patterns with each one has a contact inner radius of 100�m
and a space (d ) ranging from 10 to 80 �m between each inner
and outer contact, was used for the measurements of the spe-
cific contact resistivity (�c/ and I–V characteristics between
neighboring contacts. Finally, the resulted samples were an-
nealed at different temperatures for 5 min in argon ambient.

XRD measurements were obtained on a Rigaku D/Max-
ⅢC X-ray diffractometer using CuK˛1 radiation. XPS mea-
surement was conducted on a PHI-5702XPS/AES system us-
ing MgK˛ radiation of 1253.6 eV as an excitation source.

3. Results and discussion

Figure 1 presents the measured room-temperature I–V

characteristics of Ti(20 nm)/WSi(40 nm)/Ni(20 nm) contacts
to n-SiCN before and after thermal annealing. It can be seen
the as-deposited sample shows rectifying behavior, indicating
a Schottky-behaved contact. With enhancing annealing tem-
perature, the I–V curves gradually proceed toward linear be-
havior. After annealing at 900 ıC or above, the I–V charac-
teristics become fully linear, which implies an ohmic contact
were obtained. Compared with the sample annealed at 900 ıC,
the slope of the I–V curve for the sample annealed at 1000 ıC
increases, which suggesting the 1000-ıC-annealed sample has
lower ohmic contact resistance.

The average values of �c for the samples before and af-
ter annealing were derived from CTLM, as listed in Table 1.
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Fig. 1. I–V characteristics of Ti(20 nm)/WSi(40 nm)/Ni(20 nm) sam-
ple before and after annealing at different temperatures.

Table 1. Specific contact resistivity of the sample.
Annealing temper-
ature (ıC)

Specific contact resis-
tivity (��cm2/

As deposited —
300 3.32 � 10�2

600 8.56 � 10�3

900 6.25 � 10�5

1000 3.07 � 10�5

Compared with the as-deposited sample, the �c value decreases
from the range of 10�2 to 10�5 ��cm2 by annealing. After an-
nealing at 1000 ıC, the contact with the lowest �c value of 3.07
� 10�5 ��cm2 was obtained.

To determine the microstructure of the above samples and
to further investigate the compounds formed at the interface
between Ti/WSi/Ni and SiCN after annealing, XRD analysis
was performed on the contacts. Figure 2 shows the XRD results
for the samples before and after annealing at 1000 ıC. For the
as-deposited sample, besides the diffraction peaks correspond-
ing to SiCN, the reflection peaks corresponding to Ni, WSi,
and Ti were observed. After 1000 ıC annealing, five differ-
ent peaks corresponding to TiN, Ni2Si, WC, Ni3Si5, and TiN
appear, while peaks corresponding to Ni, WSi, and Ti disap-
pear. Among all the samples, note that the samples annealed
at 900 ıC or above show ohmic contact with low values of �c,
especially the 1000-ıC-annealed sample exhibits the lowest �c
value of 3.07 � 10�5 ��cm2. The significant improvement on
�c value of the contact system after annealing at high tempera-
ture should be attributed to the alloys suggested by XRD data.

To identify the compounds formed at the interface indi-
cated by XRD results, we performed XPS depth profile mea-
surement. Figure 3 depicts the XPS depth profiles of the Ti(20
nm)/WSi(40 nm)/Ni(20 nm) structure before and after anneal-
ing at 1000 ıC. From the spectra for the as-deposited sam-
ple, the interfaces between the electrode materials and between
electrode and SiCN can be seen clearly. For the Ti/WSi/Ni-
SiCN contact annealed at 1000 ıC, diffusion phenomenon ap-
pears obviously. At the beginning of sputtering, it can be seen
O and C are present on the surface, which might come from the
possible surface pollution and the surface layer of titanium ox-
ide formed.Within the range of 0–5 min, Ti and N are detected,

Fig. 2. XRD spectra of the Ti(20 nm)/WSi(40 nm)/Ni(20 nm) contact
(a) before and (b) after annealing at 1000 ıC.

and the atomic concentration of titanium as well as nitrogen
increases simultaneously and reaches their maximum respec-
tively. With increasing sputtering time, contents of Ti and N
keep decreasing and disappear simultaneously after nearly 15
min of sputtering. The results indicate that TiN is present in the
1000-ıC annealed contact layers as supported by theXRDdata.
The region within 24–35 min of sputtering is characterized by
the decreasing of both W and C as well as the increasing of Si
and Ni, indicating that Ni2Si, Ni3Si5, and WC present within
this depth, as verified by the peaks corresponding to the alloys
in XRD spectra. Within the range of 40–60 min, the Ni concen-
tration falls gradually down to zero while concentrations of Si,
C, and N increases from 16%, 6.3%, 6.1% to 39%, 33%, 28%,
respectively, indicating that the SiCN surface is reached after
nearly 60-min sputtering.

Combining the XRD and XPS results mentioned above, it
can be seen that the Ni atoms diffuse downward to Ti/WSi/Ni-
SiCN interface and convert into nickel silicide layer in adjacent
to the SiCN film. At the same time, the released carbon atoms
and nitrogen atoms interact with W and Ti atoms to form WC
and TiN layer respectively, which makes C and N atoms move
far away from the contact interface. Therefore, the formation
of the compounds at the interface should be responsible for
the ohmic formation of the annealed contacts. As mentioned
above, ohmic contacts with specific contact resistivity as low
as 3.07 � 10�5 ��cm2 have been achieved after thermal an-
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Fig. 3. XPS depth profiles of the Ti(20 nm)/WSi(40 nm)/Ni(20 nm)
structure (a) before and (b) after annealing at 1000 ıC.

nealing at 1000 ıC. Thus, the addition of WSi and Ti into the
Ni metallization scheme to n-SiCN restricted the accumulation
of carbon and nitrogen atoms left behind during the nickel sili-
cides formation, improving the electrical and microstructure
properties.

4. Conclusions

In this paper, we have investigated Ti/WSi/Ni ohmic con-
tact to n-SiCN. The conducting behavior is rectifying for the
as-deposited contact, whereas ohmic contact with �c value in
the low 10�5��cm2 range was obtained after annealing at a
temperature of 900 ıC or above. XRD and XPS analysis sug-
gest that Ni2Si, WC, Ni3Si5, and TiN formed at the interfaces
after annealing at a high temperature. The compounds should
be responsible for the ohmic formation of the annealed con-
tacts.
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