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1. Introduction 

Continuous scaling of complementary metal-oxide-
semiconductor field effect transistors (CMOSFETs) 
inevitably requires an increase in capacitive coupling 
between the gate and the channel while maintaining an 
allowable leakage current level through a gate dielectric.  

In this regard, many efforts have been made to replace 
conventional silicon oxynitride with physically thicker 
but electrically thinner High-k gate dielectrics [1-3].  
Meanwhile, the use of conventional poly-Si gate is faced 
practically with serious limitations related to gate 
potential drop caused by the gate leakage current flowing 
through a gate resistance [4], a depletion effect [5,6] and 
a Fermi level pinning [7,8] phenomenon emerging in 
combination with high-k gate dielectrics.   

To overcome such limitations, the implementation of 
alternative gate materials with lower resistivity is needed.  
Silicides such as NiSi are thought to be promising 
candidates for metal gates [9-11].   

The control of the work function of silicides is one of 
the major isssues for the implement of Silicide gate.  
Although the work function of silicides can be controlled 
to some extent by a change in chemical composition 
and/or impurity doping, even in the case of NiSi in which 
the Fermi level is located inherently around the Si 
midgap(4.6eV~4.7eV), it is difficult to obtain the values 
suitable for n- and p-MOSFETs [11].  
In this work, pure and impurity-implanted Ni-silicides 
formed on SiO2 were characterized by X-ray 
photoelectron spectroscopy (XPS), where the Ni-
silicide/SiO2 interfaces were analyzed through SiO2 for 
the samples after removing the Si substrate from the 
backside in addition to the analysis from the surface side 
to evaluate the correlation between the effective work 
function and chemical composition or impurity 
concentration at the interface. 
 
2.Experimental 
After standard wet-cleaning steps of the Si(100) wafers, a 
7.0nm-thick SiO2 was grown on the surface by thermal 

oxidation and 100nm thick poly-Si was grown by 
LPCVD. Subsequently, a part of samples, Impurity (Sb, P, 
B and As) was implanted with a dose of 1.0x1016cm-3, 2-
step silicidation annealing was performed at the 
temperature of 400 and 500°C 

.  
For measuring the interface between NiSi/SiO2, Si 

substrate was removed completely by wet chemical 
etching of HF:HNO3:CH3COOH:C2H5OH compound 
solution down to the thickness of about 10µm.  

For the thinkness range thinner than 10µm, the Si 
selective etching was performed by KOH solution with 
thickness monitoring.  After the SiO2 layer exposuring, the 
chemical bonding features and work function were evaluated 
by XPS and Raman scattering spectroscopy. 

 

3. Results and discussion 

Figure 1 shows a Raman spectrum for undoped NiSi 
measured from Si substrate side were performed at each 
steps of back-side etching.  As etching progressed, Si TO 
phonon peak intensity(520cm-1) from Si substrate is 
decreased, and the signals from NiSi phase become 
remarked.  After removing Si substrate completely, the 
optical phonon signal from NiSi phase is dominant and 
signals from NiSi2 is observable slightly, which suggest 

Fig. 1 Change in Raman spectra for undoped Ni-
Silicide during back side etching process. 



that the component of NiSi around Ni-silicide/SiO2 
interface is Si rich. The chemical bonding features and 
chemical composition at the Ni-silicide/SiO2 interface 
after back-side etching and Ni-silicide surface was 
measured by using hard X-ray(8kev) and soft X-
ray(1.486keV) photoelectron spectroscopy.  Hard X-ray 
photoelectron spectroscopy(HXPES) give us deeper 
proving depth than that of soft X-ray.   

Figure 2 shows P1s spectra for the P doped sample at 
the sureface and the interface measured by HXPES.  The 
peak intensity is normalized with peak intensity of Ni-
silicide component on Ni2p3/2.  The signals due to Ni-P 
or Si-P bonding unit is dominated and oxided P 
componet is slightly observed.  The peak intensity of  P1s 
signal measured from the surface with lowering take-off 
angle, which implies that P atom is piled up at Ni-Silicide 
surface.  In addition, The peak intensity measured from 
back side through SiO2 layer is a few times larger than 
that measured from surface side, resulting that P atoms 
piled up at the interface.  Similar result as P implanted 
sample can be obtained for the As implanted sample. 

High resolution XPS with monocromatic AlKa X-ray, 
the chemical bonding features near Ni-silicide/SiO2 
interface measured from back side(Fig. 3).  From 
Ni2p3/2 spectra, the signals due to Ni-silicide is 
dominant for the case measured from both surface and 

interface, and oxided Ni component(NiO: ~854eV, 
Ni2O3:~856eV) were hardly observed. Chemical bonding 
features at the Ni-silicide/SiO2 interface were compared 
with those at the Ni-silicide surface as shown in Fig.4. 
For the pure Ni-silicide sample prepared without 
implantation, Ni2p 3/2 signals originated from Ni-Si 
bonding units were clearly observed at a binding energy 
of ~853eV and almost no oxide component of Ni was 
observable both at the Ni-silicide surface and at the Ni-
silicide/SiO2 interface. The formation of Si-O bonds at 
the surface and at the interface was confirmed from Si2p 
spectra. Chemically-shifted Si2p signals the due to Si-O 
bonding units were broadened toward the lower binding 
energy side even for the Si2p spectrum measured through 
the SiO2 layer after the back side etching, in comparison 
to the reference spectrum of 2nm-thick thermally-grown 
SiO2 on Si(100). This result indicates that the interface 
between Ni-Silicide and SiO2 is not atomically flat. 
Notice that the average chemical composition Ni/(Ni+Si) 
at the interface was Si-rich as compared with that at the 
Ni-silicide surface. 
Similar results are obtained for implanted samples except 
the B-implanted case where both at the surface and at the 
interface were Si-rich. The chemical bonding features of 
implanted impurities such as Sb, B and P near the Ni-
silicide/SiO2 interface were investigated in comparison to 
those near the Ni-silicide surface as shown in Fig.4. For 

Fig. 2 P1s spectra of P doped sample at the surface(a) 
and Ni-Silicide/SiO2 interface(b). 

 
Fig. 3 Ni2p3/2(a) and (b)Si2p(b) spectra  of undoped 
sample at the  Ni-Silicide/SiO2 interface. 

 
Fig. 4 Sb3d3/2, P2p and B1s spectra  of impurity doped sample at the surface and Ni-Silicide/SiO2 interface.



all cases, impurities bonded with Ni and/or Si atoms are 
dominant. No incorporation of implanted Sb and P into 
the thermally-grown SiO2 layer and native surface oxide 
was observable but in contrast distinct pile-ups of Sb and 
P atoms near the Ni-silicide/SiO2 interface were detected. 
On the other hand, for the B-implanted case, chemically-
shifted B1s signals presumably due to suboxides were 
slightly observed at the Ni-silicide/SiO2 interface and no 
pile-up of B atoms at the interface was measured. 
Photo-excited electrons passing though materials can 
suffer inelastic scatterings and lose their energy with 
some electronic excitations.  If the kinetic energy of 
excited electrons becomes or is below the work function 
of a metallic material of interest, such a low energy 
electron can no longer emit to the outside.   Thus, the 
work function of can be determined from the threshold 
energy for photoelectrons near the lower limit in the 
kinetic energy scale.  With consideration of the Fermi 
distribution at room temperature, based on the Fowler 
theory, we determined the work function from the energy 
shift fitted by which a Fowler function at room 

temperature to the measured photoelectron spectrum near 
the lower limit in the kinetic energy scale [15].   

 In this work, to detect sufficient photoelectrons 
emitting with a low kinetic energy, negative bias as low 
as -15V was applied to the sample.  For the calibration of 
this technique and setting a proper sample bias, we first 
measured the work functions of pure metals such as Au, 
Ni and Pt and confirmed that the measured values are the 
same as the reported ones within an accuracy of ±0.05eV. 

As represented in Fig. 5, by fitting a Fowler function 
to the measured spectra  for undoped sample, the work 
function at the surface and the interface were 4.74eV and 
4.53eV, respectively.  The chemical composition at the 
interface is silicon rich as discussed already, so the work 
function lowering at the interface can be interpreted in 
terms of the chemical composition. 

The effective work functions for doped samples as a 
function of Ni composition (Ni/(Ni+Si) (%)) were 
summarized in Fig. 6, and the reported work function of 
Ni-silicide formed on SiO2 or HfSiOx(N[6-9]) is 
represented as a refer.  The work fuctions at the surface is 
almost ~4.8eV, no significant difference can be observed.  
The effective work function at Ni-silicide /SiO2 interface 
tend to be lowered in comparison with that at the surface 
as can be seen in the case of undoped sample.  Notice 
that, for the Sb doped sample, the work function at the 
interface is lowered by ~0.5eV than that at surface, which 
is thought to be originated in the Ni composition change 
and Sb atom pile-up up to 11% at the interface. The work 
function of Sb doped samples on Ni compsition is similar 
to the reported work function change of Ni-silicide on 
HfSiOx(N).  The work function lowering of P doped 
sample at the interface side represent similar trend as Sb 
implanted sample.  However, the pile-uped P atom is 

 
Fig.5. The yield spectra near the Fermi edge for the 
surface and at the interface of the pure Ni-silicide 
sample. The yield spectra for the Au after removing 
surface carbon contaminants by Ar+ ion sputtering 
were also shown as references. In addition, the curve 
fittings to the measured spectra with the use of a 
Fowler function are demonstrated. 

Fig.6. Effective work functions of the surfaces and the 
interfaces of Ni-silicides prepared with and without impurity 
implantation, which were determined by XPS measurements.

 
Table 1 Average chemical compositions of Ni-silicide 
at the surface and Ni-silicide/SiO2 interface. 



only 1.9at.%, so the effective workfunction lowering 
affects presumably the decrease in Ni composition.   
4. Conclusions 

The chemical bonding feautures and effective work 
function of impurity doped(B, P, As and Sb) Ni-silicide 
/SiO2 interface were evaluated by Raman scattering 
spectroscopy and XPS analysis through SiO2 by Si 
substrate removing.  At the surface, Ni2Si, NiSi and NiSi2 
phase are mixed.  However, at Ni-silicide/SiO2 interface 
NiSi phase is dominant. It is highly possible that the 
control of chemical composition is  more useful for the 
control of work function rather than the control of 
impurity pile-up.  Meanwhile, for B-implanted Ni-silicide, 
B incorporation suppress a reduction in the work function 
with a decrease in Ni composition. 
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