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ABSTRACT
Hafnium nitride coatings have been deposited by reactive RF sputter-
ing from a hafnium target in nitrogen and argon gas mixtures. The rate of
deposition, composition, electrical resistivity and complex index of refrac-
tion have been investigated as a function of target-substrate distance and

the fraction nitrcgen, (fN ) in the sputtering atmosphere. It was found that
2

the relative composition of the coatings is independent of fN for values
2

above 0.1. The electrical resistivity of the hafnium nitride films changes

over 8 orders of magnitude when fN changes from 0.10 to 0.85. The index
2

of refraction is almost constant at 2.8 (1 - 0.31) up to fN = 0.40 then
2

decreases tc 2.1 (1 - 0.01i) for higher values of fy -
2

INTRODUCTION
There has been a developing interest in the properties of and sythesis
techniques for thin fiims of the group IV nitrides. These materials are
characterized by high hardness and chemical stability and are finding in-
creasing application in technology, appearing as barrier coating in the

(1) (2)

decorative coating for watch cases and as

(3,4)

electronics industry
wear reducing surface coatings for cutting tools At this labora-
tory, in pursuit of our interest in the tribological properties of promising
materials we have begun a study of the characteristics of hafnium nitride

films produced by reactive RF sputtering. This method does not, in con-
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trast to CVD techniques, require high substrate temperatures and therefore
coatings can be applied to metals and other materials withou® degrading
their bulk properties. The present study invastigates some optical, elec-
trical, and compositional properties of reactively sputtered hafnium nitride
films and their dependence on sputtering conditions.
EXPERIMENTAL TECHNIQUE AND PROCEEDURE

The RF sputtering system used in this study was a commercial diode
apparatus operated at 13.56 MHz and at a power density of 2.7 wattslcmz.
The target was high purity hafnium metal 1.2 cm ‘n diameter and was water
cooled. The sputtering chamber was a pyrex bell jar which was diffusion
pumped and liquid nitrogen baffled. The system base pressure was <2x10‘6
torr. The sputter gases, nitrogen and argon, were leaked continuously at
about 200 scc/m into the system. Ar orifice between the bell jar and the
pumping system was used to allow the diffusion pump to operate on the pla-
teau of its pumping speed curve. The total gas pressure, typically 20x10"3
torr, was regulated with a commercial piezoelectric leak valve and control-
ler system. The composition of the sputtering atmosphere before and after
the deposition was monitored with a differentially pumped mass spectrom-
eter. At each pump down 3 sample sets were run. Each set corsisted of
9 samples: 3 each of silicon, quartz and 304 stainless steel. One of each
substrate was located at each of the 3 substrate to target distances (25 mm,
37 mm, G mm). The sputtering times varied from 3 to 15 minutes. The
fraction of nitrogen (fNZ) in tne sputtering atmosphere was varied from 0.1
to 0.85. The quartz sample was masked so as to deposit a strip 3 mm wige and
20 mm long for resistance and thickness measurements. The thickness of the
films, 40 - 200 mm, was measured with a commercia’l stylus profilometer.

Surface roughness limited the thickness measurement accuracy to #20 nm. For



electrical resistivity measurements gold contacts were sputter deposited at
the ends of the quartz samples. The DC resistivity was determined by apply-
ing a voltage (0.5 to 10 V) and measuring the current with a digital electrom-
eter. All samples were found to be ohmic. The complex index of refraction
n (= n(1 - ik)) was measured by ellipsometry at a wavelength of 632.8 nm.
The deta was reduced using the computer program developed by McCracken(s).
Due to the limited accuracy of the thickness measurements, unambiguous re-
sults for n and k were not usually possible. Therefore, the computed
optical parameters for the films on the three different substrates were com-
bined, under the assumption that all were identical optically, to give the
results quoted. Composition measurements were made by Auger Electron Spec-
troscopy (AES) of the films on 304 stainless steel. A conventional single
pass cylindrical mirror analyzer with an integral electron gun was used.
The electron beam was operated at 2 kY and 2 wA. The data was taken in the
dN/dE mode using a modulation amplitude of %1 volt. The samples were sput-
ter cleaned with 3 kV argon ions until a constant spectrum was ubtained.
AES data was always taken while sputter cleaning to minimize the amplitude
of both carbon and oxygen peaks. Typical base pressure of the AES vacuum
system was <2x10_10 torr. AES measurements were made with the system back-
filled with high purity argon to a pressure of 3x10_5 torr.
RESULTS

It was found that the deposition rate was independent of the substrate
material, however, it did depend strongly on both sz and the substrate to
target distance. In figure 1 is shown the deposition rate as a function of
fN2 for the three different substrate to target distances. For the entire

range of fN studied (0.1 to 0.85) the rate of deposition decreased as fN
2 2



increased. This is consistent with earlier observations(s) which showed
that sputter rates in pure N2 are typically 1/2 of the sputter rate in
pure argon. A linear dependence of the sputter rate on the substrate to
target distances was also observed with the sputter rate increasing as the
substrate to target distance decreased. Approximately a 30-percent increase
in sputter rate is observed when the distance is decreased from 50 to 25 mm.
The AES spectra contained only hafnium, nitrogen oxygen and carbon
peaks. In figure 2 the ratios of the nitrogen, carbon and oxygen KLL peak
heights (IX, x = N,C,0) to the hafniL« (185V) peak height (IHf) are plotted
as a function of fNQ' A1l three raci0s are seen to depend weakly on fNZ
demonstrating that the films' composition, as seen by AES, does not aepend
strongly on the partial pressure of nitrogen in the sputter gas. Converting
these ratios to absolute compositions requires either a standard sample or
reliable sensitivity factors and a quantitative understanaing of preferen-
tial sputtering in the HfoCyO2 system. Since neither was available we use
published sensitivity(7) factors and assume that, with respect to preferen-
tial sputtering HfN behaves qualitatively the same as TiIN. In that system
both nitrogen and oxygen are known(8) to sputter preferentialy with respect
to titanium and carbon. Further it has been found(a) that carbon can appear
as an artifact in AES measurements due to the reduction of methane at the
surface by both the sputtering ions and the electron beam. The methane back-
ground increases in ion pumped vacuum systems when, in order to sputter clean
the sample, the ion pump is turned off. To quantify the carbon artifact a
sample of high purity hafnium metal was studied. Its AES spectrum gave
Ic/IHf = 0.34 and IO/IHf = 0.095. The ratios in figure 2 combined with the
above considerations implies that the film's composition is Hfochz

where x > 0.7, y > 0.01, and 2z < 0.08.



Figure 3 is a semi-logarithmic plot of DC resistivity as a function

of fy - At low values of fN the films have near metallic conductivity

2 2
(~10‘20cm) while at the highest values of sz it reaches ~loﬁncm, a

span of 8 orders of magnitude. This strong dependence on sz is in sharp
contrast to the behavior of the composition. The resistivity also shows a
systematic dependence on the substrate to target distance being larger for
larger distances for a given fN . The resistivity found here though signif-
2

icantly higher (~x103) than those reported by Smith(g) for DC sputtered
films, does vary similarly with increasing nitrogen partial pressure in the
sputtering gas.

The ellipsometer data is presented in figure 4 where n and k are
plotted as functions of fN,' Both are seen to be independent of sz for

¢
0.1 < fN < 0.4 where n = 2.8%0.1 and k = 0.0320.1. Above 0.4 both indices
2
decrease significantly with k approaching zero and n 2.1 at fN = 0.8.

¢
This behavior may signal a phase change as reported oy Smith(g) who observed
a change in structure at approximately the nitrogen partial pressure corre-

sponding to fN = 0.4.
2

The hafnium nitride films deposited on 304 AISI stainless steel sub-
strates exhibited bright colors over the whole visable spectrum. The observec
colors are typical of dielectric films on strongly absorbing polished sub-
strates. Calculated reflectivity curves based on the experimental values of
the index of refraction, absorption and film thickness were in good agree-
ment with the ohserved colors over th: entire range of deposition conaitions.

CONCLUSIONS

A series of hafnium nitride films were produced by reactive RF

sputtering of a pure hafnium metal target over a range of sputtering gas

mixtures. Measurements of the films' properties reveal:



(1) The films' composition is approximately independent of the fraction
(sz) of nitrogen in the sputter gas for 0.1 < sz < 0.85.

(2) The deposition rate is maximized at low values of fN? and small
substrate to target distances.

(3) The DC resistivity increases strongly with increasing sz. If
the band structure and electronic properties are as reported then the fiims
with lTow values of fNZ have the smallest defect concentrations.

(4) A possible phase change at sz ~ 0.4 1is indicated by a change in
the index of refraction from 2.8 to 2.1.
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Figure 1. - Deposition rate as a function of fy
at 23 m torr for 3 substrates to target
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Figure 2, - Ratios of AES peak heights to hafnium for nitrogen, oxygen and
carbon as a function of fNZ.
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Figure 3. - DC Resistivity as a function of fy_ for 3 substrate to
target distances. 2
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