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Abstract: In order to clarify the effect of Pt addition on the stress of NiSi film, in situ stress measurements were

taken to evaluate the stress evolution during heating and cooling treatment of Ni;_, Pt, Si alloy films with different

Pt concentrations. The room temperature stress, which is mainly thermal stress, was measured to be 775MPa and

1. 31GPa for pure NiSi and pure PtSi films grown on Si (100) substrates, respectively. For Ni, -, Pt,Si alloy film,

the room temperature stress was observed to increase steadily with Pt concentration. From the temperature de-

pendent stress evolution curves, the stress relaxation temperature was found to increase from 440C (for pure NiSi

film) to 620C (for pure PtSi film) with increasing Pt concentration, thus influencing the residual stress at room

temperature.
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1 Introduction

Silicides have been widely used in VLSI cir-
cuits as source/drain contact materials for many
years. The study of NiSi has drawn much attention
since it is regarded as a substitute for CoSi, for
65nm CMOS and beyond. NiSi has many advanta-
ges, such as low resistivity, low thermal budget,
and low ratio of Si consumption by Ni during for-
mation. However, the transformation of NiSi into
the high resistivity disilicide phase (NiSi;) at tem-
peratures over 750C may be a problem'*' . In re-
cent years,it was verified that the phase thermal
stability can be improved by adding small amount
of Pt to the NiSi film'**/.

From the view of stress study,large stress in-
duced by a silicide layer may generate dislocation
loops in the Si substrate underneath, which are
detrimental to device performance” . To avoid
this problem, it is important to keep a low stress
level in the formed silicide film. As has been re-
ported,NiSi has a lower stress building compared
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to TiSi, and CoSi,"'. However.when adding Pt to
NiSi film, the
changed.

In this work, the effect of added Pt on the
stress performance of NiSi film will be presented

stress performance may be

for the first time. In situ stress measurements
show that the room temperature stress of the
formed NiSi film increases with Pt addition. This
can be attributed to the increase of the stress re-
laxation temperature with Pt addition.

2 Experiment

n type Si(100) wafers were used in this work.
The wafers, after standard RCA cleaning, were
dipped in a dilute HF solution to remove residual
surface oxide. After being dried,they were imme-
diately loaded into the vacuum chamber of a mag-
netic sputtering system. The base pressure of the
chamber was lower than 2. 67 X107 °Pa. Ni and Pt
were then deposited onto the wafer at a pressure
of 0. 67Pa in argon atmosphere.

Our samples are divided into three groups.
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Each group corresponds to one type of structure.
The structures are Ni/Pt/Si,Pt/Ni/Si,and a Ni-Pt
fully mixed metal layer on Si. For the Pt/Ni and
Ni/Pt stacks, the thickness of the stack was kept
at 50nm and different Pt sublayers of 1,3,5,10,
20,30,and 40nm in thickness were formed. 50nm
thick samples of pure Ni and pure Pt were also
prepared for comparison. The thickness was con-
trolled by changing the deposition rate and time.
For the third structure,Ni (49nm) and Pt (1nm)
were simultaneously sputtered onto the silicon wa-
fer to form a fully mixed Ni-Pt layer. The same
was done for Ni (47nm) and Pt (3nm) ,and so on.
This was done to ensure that the Pt percentages in
each structure would be comparable.

The Pt atomic percentage is then calculated
tobe 1.4%,4.3%,7. 2% ,14. 9% ,31. 8% ,51. 2%
and 73. 6% ,respectively for the different samples
with added Pt layers, assuming the atomic density
is 6. 622X 10%cm™? for Ni and 9. 14 X 10*cm ™~ for
Pt

The samples were then loaded into the heat-
ing chamber for in situ stress measurement. The
ramping rate was controlled to be 3C/s. When
the temperature reached 700C, the sample was
immediately cooled down to room temperature at
6'C /s. Helium gas flow was used to prevent oxida-
tion of the sample during the heat treatment. At
the same time, two parallel laser beams were re-
flected onto the sample’ s surface. Reflected
beams were collected by a position-sensitive CCD
camera. Historical positions of the beams were re-
corded to calculate the surface curvature evolu-
tion.

The film stress is assumed to be isotropic in
the film plane and can be calculated from the sur-
face curvature by Stoney’s equation,

1 E. t:
or = ﬁx<1—vs)xff
where o; is the film stress, E, is the Young’s mod-

@)

ulus of the substrate, v, is the Poisson’s ratio of
the substrate, t, and t; arc the thicknesses of the
substrate and the film, respectively, and R is the
net change in the radius of curvature, which has
been measured in sifu in our experiments.

3 Results and discussion

During the heating process, Ni reacts with Si
to form NiSi,and Pt reacts with Si to form PtSi.

PtSi is completely miscible with NiSi because of
the crystal lattice similarity (both NiSi and PtSi
are of orthorhombic MnP structure)**. Thus in
our experiment, a layer of Ni;_, Pt,Si alloy will
form at 700C , regardless of the initial structure.
The thickness ratio from metal to silicide (tg/
tm) is 2. 01 for NiSi formed from a Ni layer. The
ratio for PtSi film formed from Pt is 1. 98. As we
consider the lattice of Ni,_, Pt,Si alloy, Vegard’s
law indicates that when Ni-Pt reacts with Si to
form silicide alloy, the thickness increase ratio
tsu/ tm should be between 2. 01 and 1. 98. Never-
theless, both 2. 01 and 1. 98 are so close to 2. 00
that we may simply take 2. 00 as a general thick-
ness increase ratio for Ni;,_, Pt,Si alloy, disregar-
ding the different Pt concentrations. According to
this assumption, the silicide films formed in our
samples thickness of
100nm.

According to sheet resistance measurements,
the pure NiSi film has a sheet resistance of
1.36Q/[], corresponding to 13.6pQ cm in resis-
tivity. For the pure PtSi film, the resistivity is a-

have nearly the same

bout 42. 7uQ cm. Before annealing,samples of dif-
ferent structures show different sheet resistance.
The fully mixed Ni-Pt samples obviously have
higher resistance due to the enhanced carrier scat-
tering of the metallic films. However,after annea-
ling, curves of sheet resistance plotted versus Pt
thickness percentage for different initial struc-
tures more closely resemble each other (Fig. 1).
Regardless of whether the Pt is used as interlayer
or cap layer or is fully mixed with Ni, the sheet
resistance of the formed silicide alloy film increa-
ses steadily with Pt concentration. For instance,
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when adding a 10nm layer of Pt to a 40nm layer
of Ni, the sheet resistance of the formed silicide
increased from 1.36Q/[] (for pure NiSi film) to
around 3. 31Q/[].

Three sources of stress can be considered for
silicide film: intrinsic stress, thermal stress, and
epitaxial stress. Epitaxial stress is only possible in
the case of epitaxial growth and is thus not appli-
cable in our case. The intrinsic stress is the part of
the film stress that is built during the film deposi-
tion or film growth. When a metal film reacts
with a Si substrate, the moving species, metal at-
oms or silicon atoms, change the local volume
greatly, resulting in increasing intrinsic stress.
When the silicidation is finished, stress relaxation
takes place because of the high temperature. The
enhanced atom mobility is helpful for silicide
grain growth. The rearrangement of atoms makes
the stress relaxation possible.

During the cooling process, the difference in
thermal expansion of the silicide and the Si sub-
strate caused the thermal stress. The thermal stress
can be expressed as™*

6= (T=T)[~ Gy —asn(lfv)sJ 2)

where as; and ag; are the thermal expansion coeffi-
cients of the silicide film and the Si substrate, re-
spectively,and T is the stress relaxation tempera-
ture at which the stress of the film is fully relax-
ed. The thermal expansion coefficient is usually
larger for silicide than for Si (Si:2.6X 10 °K™",
CoSi,:10.4 X 10" ° K™ ', NiSi: 16 X 10 ¢ K~ '),
Thus,a strong tensile thermal stress builds up dur-
ing cooling and will dominate the film stress at
room temperature.

Figures 2 ~4 show the film stress evolution
during the heating and cooling processes. The
samples shown in each figure have the same struc-
ture,i.e. , Pt is used as interlayer or capping layer
or is fully mixed with Ni. For simplicity,a univer-
sal film thickness of 100nm is used to calculate the
stress of silicide as well as metal by Eq. (1). This
is correct for the cooling parts of the stress
curves, but not correct for the heating parts,espe-
cially before the final silicide phases have been
completely formed. Therefore, in the heating
parts,the actual stress should lie between one and
two times the value plotted in Figs.2~4.

Some work has been done on the intrinsic
stress evolution of Ni film on Si substrate or Pt
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Fig. 2 In situ stress measurement of Pt/Ni stack
films on Si (100) substrates The ramping rate is
3'C /s and the cooling rate is 6°C /s.
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Fig. 3 In situ stress measurement of Ni/Pt stack
films on Si (100) substrates The ramping rate is
3C /s and the cooling rate is 6°C /s.
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Fig.4
on Si (100) substrates The ramping rate is 3C /s and

In situ stress measurement of Ni-Pt alloy films

the cooling rate is 6 C /s. Percentages of Pt of the alloy
samples are given in terms of thickness.

(49107 Gener-

ally speaking, the intrinsic stress is very compli-

film on Si substrate during annealing

cated. The study of intrinsic stress is beyond the
scope of this work. We pay more attention to the
stress building up during the cooling stage as well
as the final stress at room temperature since most
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devices that use silicide films work at room tem-
perature.

As we checked the performance of pure NiSi
and pure PtSi shown in Figs. 2 ~ 4,the room tem-
perature stress values were found to be 721,798,
and 816MPa for NiSi films (775MPa on average)
and 1.39, 1.28, and 1.27GPa for PtSi
(1. 31GPa on average). These data are in agree-
ment with the previously reported values of
720MPa for NiSi**! and 1. 5GPa for PtSi""™ on Si
(100) substrates.

The difference between the values, for in-
stance, 1. 39, 1. 28, and 1. 27GPa stress for PtSi
film in our measurement, indicates a large error

films

bar. The fluctuation can be explained by the non-
ideal flatness of the wafer used in the test. The
non-ideal flatness of the wafer (when the stress is
zero) can be regarded as many local curvatures
existing inside the surface. The local curvatures
will inevitably be incorporated into the measure-
ment of the global curvature of the wafer because
the latter is actually measured from the very two
spots of the surface where the laser beams are re-
flected. Further experimental verification shows
that the error of the final room temperature stress
measurement related to the non-ideal flatness of
the substrate can be as large as 80MPa.

For all of the silicide films in our study, the
stress evolution during the cooling stage exhibits a
linear building up behavior as the temperature is
decreased, as shown in Figs.2 ~ 4. The linear
building up behavior of the tensile stress has been
observed in many silicide films grown on Si sub-
strates,such as CoSi, and TiSi,,and the increasing
tensile stress during cooling is mainly the thermal
H12l - As explained by Eq. (2), the tensile
thermal stress is caused by the difference of the

stress

thermal expansion coefficients between the sili-
cide and the Si substrate. The stress relaxation
temperature of the silicide film,together with the
difference in the thermal expansion coefficients
of the silicide film and the Si substrate determines
the final stress at room temperature.

The stress relaxation temperature can be de-
termined by fitting the cooling part of each stress
curve with Eq. (2). The intersection of the fitting
line with zero stress is defined to be the point
where the stress in the films is zero. The corre-
sponding temperature is then defined as the stress

relaxation temperature T,. The determined stress
relaxation temperatures are plotted in Fig. 5. As
can be seen, Pt addition increases T, of the
formed silicide film from 440°C (for pure NiSi
film) to 620C (for pure PtSi film), thus influen-
cing the final film stress at room temperature.

700
.
2 650 8 N
5 o/ p——R=
2 600}
£
2
= 550F /5'
g
§ so0k —0O—Mixed Pt-Ni layer
Tz —O —Pt/Ni stack
é 4501, —A—Ni/Pt stack
E
400757620730 40 50 60 70 80 90 100

Pt thickness percentage/%

Fig.5 Stress relaxation temperature of Ni, -, Pt,Si al-
loy films annealed from Pt/Ni, Ni/Pt stacks or mixed
Pt-Ni layers on Si (100) substrates versus Pt percent-
age in thickness

In each structure group,the pure PtSi film ex-
hibits the highest room temperature film stress
and the pure NiSi film has the lowest room tem-
perature stress. The cooling parts of the stress
curves for Ni,_, Pt,Si alloy films are distributed
between the two for pure NiSi and pure PtSi. The
room temperature stress values are plotted versus
Pt thickness percentage in Fig. 6. Each curve
stands for one structure group. Although the resid-
ual stress at room temperature does not change
monotonically with increasing Pt percentage due
to the large measurement error as discussed a-
bove,there is a clear trend by which Pt addition
increases the room temperature tensile stress in
the formed Ni;_, Pt,Si alloy film.

4 Conclusion

The effect of added Pt on the film stress evo-
lution of Ni,_, Pt,Si film is studied by in situ
stress measurement. The room temperature stress,
which is mainly thermal stress,is measured to be
775MPa for pure NiSi film and 1.31GPa for pure
PtSi film. Both films are grown on Si (100) sub-
strates. When Pt is added to Ni,the room temper-

ature stress of the formed Ni, -, Pt, Si alloy film
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