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Study of Nickel Silicide Contact onSi=Si1 xGex
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Abstract—The properties of nickel silicide formed by depositing
nickel on Si P+ Si1 xGex layer are compared with that of
nickel germanosilicide onP+ Si1 xGex layer formed by de-
positing Ni directly on P+ Si1 xGex layer without silicon con-
suming layer. After thermal annealing, nickel silicide onSi P+

Si1 xGex layer shows lower sheet resistance and specific contact
resistivity than that of nickel germanosilicide onP+ Si1 xGex

layer. In addition, small junction leakage current is also observed
for nickel silicide on Si P+ Si1 xGex N Si diode. In sum-
mary, with a Si consuming layer on top of theSi1 xGex, the nickel
silicide contact formed demonstrated improved electrical and ma-
terials characteristics as compared with the nickel germanosilicide
contact which was formed directly onSi1 xGex layer.

Index Terms—Agglomerate, Ni, SiGe, silicide.

I. INTRODUCTION

SILICIDED junction has attracted lots of attention
due to its potential applications as the contacts for the SiGe

based electronic devices such as the base metal for HBTs [1] and
advanced SiGe source/drain for deep submicron CMOS [2]. For
the sub-100-nm technology node, the widely used contact
is expected to be replaced by NiSi contact in the future. Except
problem of excessive silicide on narrow lines [3], NiSi has sev-
eral advantages over when used in the ultrasmall CMOS
technology. They are: low temperature silicidation process, no
bridging failure property, smaller mechanical stress, low silicon
consumption [4], and one step silicidation process [5]. These
advantages also apply when NiSi is used as the contact material
for . In this letter, we investigated the electrical and
material properties of the nickel silicide formed by depositing
nickel on and annealed by rapid thermal an-
nealing (RTA) method and compared the properties with that of
the nickel germanosilicide formed by direct deposition of nickel
on without Si intermediate layer.

II. EXPERIMENTS

-type 6 in (100) silicon wafers with 10–15 sheet re-
sistance were used as the starting substrates. Strained
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Fig. 1. Sheet resistances comparison of annealed Ni silicide and Ni germano-
silicide for P-Si,Si=P � Si Ge andP � Si Ge samples.

thin films with , 0.14, 0.2, and 0.3 were grown on
these wafers by an ultrahigh vacuum chemical molecular epitaxy
(UHVCME) system [6]. Wafers were precleaned, loaded, and
transferred into the growth chamber and heated to 850for
500 s for further cleaning of the Si surface. For the growth of the
in situ boron-doped layers, pure , , and
1% diluted with were used to achieve a boron concen-
tration of in all cases. For the
layer samples, the thickness of the epitaxial layer was
100 nm. For the layer samples, the thickness
of the epitaxial layer was also 100 nm, and the thick-
ness of the Si cap layers is 25 nm. A 15-nm-thick nickel film was
then deposited by the Metal-PVD on these epitaxial wafers and
a 5-nm-thick TiN cap layer was deposited on the top to prevent
nickel oxidation during the silicidation process. The silicidation
reactions were then performed in an RTA system with nitrogen
ambient for 30 s with different annealing temperatures. After
silicidation process, the TiN-capping layer and the unreacted
Ni film were selectively removed by wet etching in 4 :
1 (30%) solution. The sheet resistance was measured
by four-point probe system. Specific contact resistivity
measurement was performed using the transmission line model
(TLM) [7]. Scanning electron microscopy (SEM) and transmis-
sion electron microscopy (TEM) in conjunction with energy
dispersive spectrometry (EDS) were used for materials study.

III. RESULTS AND DISCUSSION

Fig. 1 compares the sheet resistances (Rs) of the nickel
silicide formed on and the nickel ger-
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Fig. 2. SEM micrographs of the surface morphology of the (a)Ni=Si=
Si Ge sample annealed at 500C for 30 s and (b)Ni=Si Ge sample
annealed at 500C for 30 s. Cross-section TEM of (c)Ni=Si=Si Ge

sample annealed at 500C for 30 s and (d)Ni=Si Ge sample annealed
at 500 C for 30 s.

manosilicide formed on . The of the nickel
silicide on pure P-Si is also shown for comparison. As can be
seen in Fig. 1, when the samples were annealed at 450–650
for 30 s, the nickel silicide formed on the
sample exhibits superior than that of the nickel germanosili-
cide formed on the sample. Its is 4.75–5.75

, which is similar to that of the nickel silicide formed
on P-Si. Additionally, the temperature stability of the silicide
degrades as the nickel thickness decreases, because the thinner
nickel film can easily be consumed to form NiSi during its
silicidation process, and NiSi will convert into when
annealed at elevated temperatures. In our experiments, 15-nm
nickel was used; the temperature stability of the silicide formed
is lower than that of the silicide film formed with thicker nickel
film as reported in [8], [9]. From the SEM [Fig. 2(a), (b)] and
cross-sectional TEM images [Fig. 2(c), (d)], we can observe
that the nickel silicide formed on the
sample lacks agglomeration, and the layer of nickel silicide
is very uniform. However, the nickel germanosilicide formed
on the sample shows severe agglomeration
and microvoids, and the layer of nickel germanosilicide is
very rough. The EDS/cross-section TEM analysis indicates
that the agglomerate is as shown in Fig. 2(d).
However, the mechanism for the formation of
agglomeration needs further investigation. This is why the
nickel silicide formed on the sample has
a lower than the nickel germanosilicide formed on the

sample. As the silicidation temperature was
increased to 750 , the formation of phases
along with the formation of agglomerates with microvoids
cause the increase in the value for the

Fig. 3. Sheet resistance as a function of Ge mole fraction for 25 nm Si capping
layer andP � Si Ge layer after annealing at 500C for 30 s.

sample as shown in Fig. 1. Fig. 3. shows of the nickel
silicide and the nickel germanosilicide as a function of Ge
mole fraction in the layer after RTA process at
500 for 30 s. The value of the nickel germanosili-
cide increases significantly as the Ge mole fraction in the

layer increases. This is due to more nickel
germanosilicide agglomerate and micro-void formation in the

samples as the Ge mole fraction increases as
observed by the SEM. These phenomena are attributed to the
lower heat formation for metal-Ge than for metal-Si [10]. For
the samples, the increases slightly as
the Ge fraction increases. From our SEM observations, nickel
germanosilicide agglomeration starts to occur in theses samples
as the Ge fraction increases. This indicates that, for the samples
with higher Ge fraction, the thickness of the Si cap layer must
be increased to avoid nickel germanosilicide agglomeration.
The specific contact resistivity of these contacts were also
measured. A low value of 0.42 is observed for
the sample. Meanwhile, the for the

contact is 3.25 which is much high
than the contact. This is believed to be due
to rough interface and nickel germanosilicide agglomeration in
the surface of the sample.

The characteristics of the P–N junction diodes with nickel
silicide and nickel germanosilicide contacts were also studied.
The contacts were formed by annealing at an optimum condi-
tion of 500 for 30 s. Fig. 4 shows the forward and reverse
I–V characteristics of the nickel silicided diodes with
different structures (i.e., , ,

). It was observed that the reverse leakage cur-
rent decreases significantly for the sample with a 25-nm
Si Cap layer on the layer .
A larger for the diode is believed to be due to
more nickel germanosilicide agglomerate formation on the sur-
face. This again confirms that in order to improve the electrical
characteristics of the nickel silicide contact on layer,
a suitable thickness of the Si consuming layer should be grown
on top of the layer for silicide formation.
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Fig. 4. The forward and reverse characteristics forSi=Si Ge ,Si Ge ,
Si Ge P � N junction.

IV. CONCLUSION

We have demonstrated that in order to improve the sheet
resistance, specific contact resistivity and junction leakage
current of the nickel silicide contact on layer, a
Si consuming layer with an appropriate thickness should be
grown on the top of the layer for silicide formation.
Low sheet resistance of 4.75–5.75 , low specific contact
resistivity of 0.42 and low junction leakage current
of A were obtained on the
sample with a 25-nm Si consuming layer in our study. The
developed high quality nickel silicide contact technology can
be used for the base contact technology of SiGe HBTs and for

the Ohmic contacts for the SiGe raised source/drain technology
in deep submicron MOSFETs.
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