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Abstract: Ultra-thin epitaxial CoSi: films are fabricated by solid state reaction of a deposited bilayer of Co(3nm)/

Ti (Inm) on n-8i( 100) substrates at different temperatures. T he local barrier heights of the CoSi»/Si contacts are

determined by using the ballistic electron emission microscopy (BEEM ) and its spectroscopy ( BEES) at low tem-

perature. For CoSi2/Si contact annealed at 800°C, the spatial distribution of barrier heights, which have mean barri-

er height of 599meV and a standard deviation of 2lmeV, obeys the Gaussian Function. However, for a sample that is

annealed at 700°C, the barrier heights of it are more inhomogenous. Its local barrier heights range from 152meV to

870meV, which implies the large inhomogeneity of the CoSi: film.
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1 Introduction

Barrier heights over a real Schottky metal-
semiconductor (M-8) contact are usually imho-
mogenous due to the local defects, the non-unifor-
mity of the interface charges, the thickness and the
composition of the silicide, ete.''” " Conventional
techniques, such as current-voltage and capaci-
tance~voltage (/-V/C¥) or photo-emission, can
only help to determine the average of barrier height
over the whole contact. The newly developed tech—
nique, ballistic electron emission microscopy
(BEEM ), based on STM (scanning tunneling mi-
croscopy ), is very suitable to scan a buried inter—
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face under a thin silicide film'"". Local barrier
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heights on a nanometer scale can be deduced from
the BEEM and its spectroscopy ( BEES). Spatial
distribution of barrier heights was obtained directly
by using BEEM /BEES. For details, please see the
paper by Palm et al for Au/Si contacts'” and see
our published papers for CoSi»/Si'"” and PtSi/Si
contacts' . By using such a distribution, the devia—
tion of the experimental /- characteristics from
the ideal thermionic emission—diffusion ( TED)
model can be explained'™.

Furthermore, BEEM is also a powerful tech-
nique to characterize the electrical and structural
properties of a M-S contact in a microscopy view.
For example, the milling effects of Ar" ion on Pt-
Si/Si and Au/Si contacts were studied by using the
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measurements of BEEM in our previous paperl :
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Van Kanel et al found that the low barrier height
in an epitaxial CoSi2( 100) on (100) Si is related to
a dislocation'"”. In this paper, ultra-thin CoSi: films
formed by solid state epitaxy on Si( 100) at differ—
ent temperatures are studied by using the BEEM

measurement.

2 Experiment

It was ready with a phosphor doped, n-Si
(100) wafer with a resistivity of 3~ 35Q * em. Ac—
tive areas of rectangular shape ( Imm X4mm) were
defined by using the standard process of thermal
oxidation, lithography and wet etching. After RCA
cleaning and dipping in a diluted HF solution, the
wafer in a vacuum chamber of an Oxford sputter—
ing system was loaded with a base pressure of
about 1X 10" “Pa. Inm of Ti and 3nm of Co were
deposited sequentially by Ar” ion beam sputtering
without breaking the vacuum. The silicidation was
achieved in an ex-situ two-step RT A (rapid ther-
mal annealing) process. The first step of RT A was
started in pure N2 ambient at 550°C, after 60s, the
un-reacted metal was removed by a selective etch-
ing. T hen, the second step of RT A was carried out
at 650°C for Imin, at 700°C for Imin, at 750°C for
Imin, at 750°C for 10min, at 800°C for 10s, and at
800C for Imin. At adopting such a process of
TIME (Ti-nterlayer mediated epitaxy), it is well
known that the formed CoSiz film is epitaxial'""'*.

BEEM measurements were performed in an
AIVIB4B surface/interface system using a Ptr
tip in air. Since the barrier height of CoSi2/Si con-
tact is relatively low (about 0.6eV), the BEEM
measurements should be carried out at low temper—
ature to suppress the thermal noise. As to our ex—
periments, the apparatus was cooled down in liquid
N2 until about — 50°C during the measurement.
Several hundred locations on the surface of each
sample were chosen randomly but keep the dis-
tance of any two locations longer than 2nm over
the entire contact by BEEM spectra. For each spec-

trum, the tunnel current /1 was maintained constant

at 3.0nA, and the tip voltage (Vi) was varied from
- 100mV to = 1100mV in steps of = 10mV. Be—
sides, scans were taken at the same location for 5~

10 times and the results were averaged in order to

improve the ratio of signal to noise.

3 Results and discussion

Annealing temperature is a key parameter for
the formation of the CoSi: films. If the temperature
exceeds a critical degree, the sheet resistance of the
CoSiz film will increase dramatically. The thinner
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CoSi: film has a lower critical temperature
our experiment of ultrathin Co (3nm) on Si, the
CoSiz film began to be destroyed when the anneal-
ing temperature exceeds about 800C. On the con-
trary, if the temperature is too low, the Co-Si reac-
tion will not be complete. As to our experiments
for ultra-thin Co, the annealing temperature of
about 600C or above is necessary to form the
CoSiz film.

Figure 1 shows a typical BEEM spectrum
measured on the sample which was formed by an-

nealing of 800°C/10s. The local barrier height can

be determined by using the Kaiser-Bell quadratic
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Fig- 1 A typical BEEM spectrum (/=) and its
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quadratic fitting The inset shows the /7. ¥ plot

for determination of the local barrier height.
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'.i.e.,the collector current is I.= R(V.— &+

law"*
ksT)” near the threshold voltage, where @ is the
local barrier height, K& is the Boltzmann constant,

T is temperature in Kelvin, R is the transmission

f
factor. Then the plot of 1.9, should be a
straight line, as shown in the inset of Fig. 1., & is
then determined from the intercept on the voltage
axis. 341 points on sample | were measured totally
and the @ distribution is shown in Fig. 2. A his-
togram was made by taking the number of counts
in an interval of 12. SmeV. T he experimental distri-
bution with a mean barrier height of 599meV and a

standard deviation of 2lmeV obeys a Gaussian dis—
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Fig. 2 Statistical barrier height distribution

and its Gaussian fitting for the annealed

CoSi2/Si contact at 800°C

tribution quite well. However, the linearity of the

\-'IIL- V. line (inset of Fig. 1) is not exactly linear
due to factors such as scattering, electrical broad-
ening of the Fermi level and the noise. This will re-
sult in the experimental error for the @ and broad-
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. by measuring severa

en the @ distribution
BEEM spectra at the same location, we found that
the uncertainty of the BEEM measurement is
smaller than the variation of @ at different loca—
tions. It implies that the deviation of the distribu—
tion in Fig. 2 is mainly caused by the difference of
@ itself. Furthermore, there are two points with a

very low barrier height (about 370meV) in Fig. 2.

These low & patches may be corresponded to de—
fects in the CoSiz film.

The other CoSi2/Si contacts were also mea-
sured by BEEM. We found that the BEEM signals
for the samples at lower annealing temperature
were not as stable as that for the samples at
800°C. Since a lot of BEEM spectra are necessary
for statistical analysis, it is time-consuming. T hus
only one sample, which was formed at annealing
temperature of 700°C for Imin, was measured in
details. The & distribution of this sample is shown
in Fig. 3. 347 points on this sample were measured
totally. The distribution is significantly different
from that of the sample annealed at 800°C. The
barrier heights range from 152meV to 870meV.
The most part of the @ is at about 600meV with

the mean barrier height of 579meV and the stan-
35
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Fig. 3 Statistical barrier height distribution
and its Gaussian fitting for the annealed

CoSi2/Si contact at 700°C

dard deviation of 58meV. This can be fitted by a
Gaussian function. Figure 4(a) and (b) show a
typical BEEM spectra with low barrier height and
with high barrier height on this sample respective-
ly. The quadratic law was also used to determine
the value of &. It the

strength of BEEM current in low & patch is much

should be noted that

bigger than that of the normal BEEM current (as
shown in Fig. 1) while the strength of BEEM cur-

rent in high & position is much smaller than the
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normal strength.
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Fig. 4  Two typical BEEM spectra (I.-V.)

measured at (a) low barrier height locations
and (b) high barrier height locations on the an-

nealed CoSi2/Si contact at 700°C

According to the pinch-off model'”, the barri-
er height drop around a small low & patch displays
a smaller value than its actual one, and the appar-
ent @ value depends on the patch area. The low
value of & points measured in this sample may be
related to the ninhole or to the uncontinuitv of the
CoSiz film'". The different barrier heights at those
points maybe measured at different area of the pin-
hole. T his also explains that the strong BEEM cur—
rent occurs through those low points of &.

On the other hand, the high @& points may be
due to the remaining of Co(T1i)Si. alloys or the Co

oxide in the CoSi:/Si interface. Electrons emitted

from the tip should transport through this layer to
be collected, so that the transmission factor is re-
duced significantly and the threshold value shifts to
the direction of high tip voltage. Moreover, local
contamination in the CoSi2 surface may also de-
crease the transmission factor. Since the BEEM
current is affected by many other factors''”, quan-
titative analysis of the transmission factor is diffi-
cult.

Above samples were also measured by conven—
tional I-¥/C¥ methods. Due to the ultra-thin
thickness of the CoSi: film, the Schottky diode has
a very large series resistance, which makes it diffi-
cult to deduce the meaningful SBH from the 7V or
C-V curves. In literature, the barrier height de-
duced from the IV /C-V for thin CoSi2/Si film con—
tacts is about 0.60eV'"', which is in agreement

with the mean barrier height deduced from the

BEEM in this paper.

4 Conclusion

Significant difference in the barrier height dis—
tribution for two-type of CoSiz/Si contacts was de-
rived from BEEM measurements at low tempera-—
ture. It implies that the uniformity of the annealed
CoSi: film at 800°C is much better than that of the
annealed sample at 700°C. It is in agreement with
the expectation from the mechanism of solid state
reaction of the Co-Ti-Si system'''. BEEM may be
used as a powerful characterization technique for

various ultra-thin silicide films.
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