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Effect of Substrate Bias on Properties of RF-Sputtered

Cr-SiO Films

Abstract:  Properties of rf-sputtered Cr-SiO cermet films have been studied as a function of rf substrate bias. Films with five orders-of-
magnitude change in electrical resistivity have been deposited from one Cr-SiQ(50:50 wt %) target by changing the substrate bias.
Resistivities of about 200 () - cm at 5% bias and about 2 X 10™* £ - cm at 20% bias have been obtained.

Introduction

Cr-SiO cermets, because of their high specific resistivity
and excellent stability even for high sheet resistance [1],
are important in electronic device fabrication as resistor
materials in discrete or integrated components. Several
methods have been commonly used for the deposition of
Cr-SiO cermet layers, including co-sputtering by dual
targets [2], co-evaporation from dual sources [3], and
flash evaporation [4, 5]. Unfortunately, these methods
require the use of various content sources or targets in
order to achieve a wide range of resistances, since the
resistivity of films increases with decreasing metal con-
tent. The resistivities obtained by flash evaporation or
by co-evaporation are different even when using the
same content sources. Resistivities of films deposited by
flash evaporation are lower than those of films deposited
by co-evaporation or co-sputtering except in the case of
small SiO content [2, 3, 5]. In this investigation, Cr-SiO
films are sputtered at 13.56 MHz with rf substrate bias.
The effect of the bias on the properties of sputtered Cr-
SiO films and the control of sheet resistance by the bias
level are described.

Experimental

The Cr-SiO films were deposited directly on substrates
of Corning 7059 glass, glazed alumina, or polished alu-
mina plates that nearly cover the substrate holder, by
using a 20.3-cm-diameter hot-pressed Cr-SiO (50:50
wt %) target obtained from Materials Research Corpora-
tion, Orangeburg, NY. The depositions were carried out
in a conventional planar rf sputtering system. The dis-
tance between the anode and cathode was 5.1 cm. The
substrates were biased by inserting a tuning network
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between the substrate holder and ground [6]. Initially,
the chamber was pumped down to at least 5 X 107" torr
(6.67 x 107° Pa) in order to eliminate the effects of resid-
ual gas contamination, and then the pumping system
and an argon inlet valve were throttled to maintain the
admitted sputtering gas pressure at approximately 5 X
107 torr (6.67 x 107" Pa). The principal variable in
this investigation was the substrate bias percentage from
0 to 20% of the target voltage, which is 0 to 325 V
(peak to peak) at 1.0 kW and 0 to 230 V at 0.5 kW rf
power.

A photolithographic technique was used in measuring
film thicknesses. On those samples used for the thick-
ness evaluations, a gold layer 1000 A thick was deposit-
ed under the Cr-SiO films in order to eliminate etching
of the substrate by the Cr-SiO etchant. A stripe pattern
of photoresist was formed on the Cr-SiO films. The un-
protected Cr-SiO was removed using an etchant consist-
ing of 20 ml buffered hydrofluoric acid solution [7], 30
ml of concentrated nitric acid, and 70 ml of deionized
water. A 1000-A aluminum film was then evaporated
onto the sample surface, and the thickness of the Cr-SiO
films measured by interferometry. On the samples used
for electrical measurements, a gold layer 3000 A thick,
to be used as an electrode, was deposited on the Cr-SiO
film and was heated at 500°C (773 K) for 20 min in a
vacuum of 10™" Pa. The electrical resistance of the sam-
ples was measured digitally by means of a four-point
probe. Ohmic contact between the Cr-SiO and the gold
electrode was maintained even in highly resistive films, as
evidenced by the fact that the current-voltage character-
istics, as observed by a curve tracer, remained complete-
ly linear over several orders of magnitude of current.
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Results

e Electrical properties

Figure 1 shows the specific resistivity measured at room
temperature as a function of substrate bias voltage. It
can be seen that the resistivity depends strongly upon
the percent bias applied rather than upon the actual volt-
age. The resistivity measurements were made on films
more than 0.4 um thick in order to eliminate the getter-
ing effect [ 8]. In films over 3000 A thick, measured spe-
cific resistivities were constant under the same bias con-
ditions. The resistivity decreases from about 200 () - cm
for a substrate bias of 5% to about 2 x 107 (- ¢m for a
bias of 20%. Variation of resistance as a function of
1000/ T(K™) for 5, 10, 12.5, 17.5, and 20% bias-sput-
tered filihs is shown in Fig. 2. The temperature coeffi-
cient of resistance is —2000 ppm even on 200 ( - cm
films (equivalent to 20 MQ - cm”? sheet resistance for a
film 1000 A thick). These high sheet resistances and low
temperature coefficient of resistance values are not ob-
tained in the implanted or diffused resistors on silicon [ 9].

e Heat treatment

Figures 3(a) and 3(b) show the resistance change caused
by heat treatment for 20 minutes in air and in a vacuum
of 107" Pa as a function of the deposition conditions.
Significant resistance changes appeared when the
temperature exceeded 400°C (673 K). Relatively larger
chHanges were observed for heat treatment in air as op-
posed to under vacuum. The 12.5 to 15% bias films in
both cases show only small changes in resistance. De-
creasing resistance was observed in the over 15% bias
films, and suggests that the formation of Cr,Si, rather
than oxidation [ 10], is the dominant factor involved.

o Etching properties

Figure 4 illustrates the variation in etch rate with sub-
strate bias. The etch rate decreases by about two orders
of magnitude as the bias is increased from 0 to 20%, and
gives a maximum value for a 2.5% bias, similar to the
resistivity vs bias data. Freshly made etchant, consisting
of 20 ml! buffered hydrofluoric acid solution [7], 30 ml
concentrated nitric acid, and 70 ml deionized water, was
used for these experiments.

* X-Ray microanalysis

X-Ray microanalysis measurements were made on films
deposited on glass substrates at 5% and 17.5% bias lev-
els. The 17.5% bias films exhibited a 15 to 25% increase
in CrK, intensities and a 10 to 30% reduction in Si and
oxygen K_ intensities in comparison with the 5% films.
Thus, the Cr content of films deposited with 17.5% bias
was larger than that of the 5% bias films, while the Si
and oxygen contents of the 17.5% bias films were less
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Figure 1 Room temperature specific resistivity of Cr-SiO
cermet films shown as a function of substrate bias voltage (peak
to peak) and of the percent bias level for 0.5 kW (A) and 1.0
kW (o) rf power levels.

than those of the 5% bias films. Similar results were ob-
tained for films deposited on alumina substrates.

Application

For thermal printing heads, thin-film NiCr and Ta,N
have been widely used as heating element materials. The
specific resistivities of NiCr and Ta,N films are about
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Figure 2 Variation of the specific resistivity with substrate
temperature for Cr-SiO films prepared at different bias voltages
at 1.0 kW. Values shown for the temperature coefficient of re-
sistance (TCR) are givenin ppm/ K.

1.5 % 10" and 2.4 X 10°* Q - cm, respectively, while for
a 50 Q- cm” sheet resistance, the required thicknesses
of these films are 300 A and 480 A, respectively. The
current density through these films reaches about 1 X
10° A - cm™ under actual operating conditions, and this
value is suﬁ‘iciently high to cause electromigration ef-
fects. The thermal print heads using Cr-SiO films, how-
ever, have improved reliability because of reduced elec-
tromigration effects. This is principally due to the reduced
current density, since for the same sheet resistance, the
Cr-SiO films are thicker than NiCr or Ta,N films. In pre-
liminary experiments Cr-SiO heads, which were covered
with a SiO, overcoating layer 2 um thick, showed a
factor-of-three improvement over Ta,N heads in the
mean times to failure (failure being defined as a resistance
change greater than +=10%).

Conclusions

The results presented here indicate that the properties of
rf-sputtered Cr-SiO cermet films depend strongly upon
the substrate bias used during deposition. The use of con-
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Figure 3 The effect of bias voltage on the change in film re-
sistance with heat treatment (a) in air and (b) under a vacuum
of 107" Pa. Vertical axis is plotted as the ratio of final heat-
treated resistance R to the initial room temperature resistance,
R,. Parenthetical values refer to R {1 - cm for films prepared at
different bias levels.

trolled substrate bias has enabled us to obtain, from a
single Cr-SiO target (50:50 wt %), Cr-SiO films with
sheet resistances that can be varied over five orders
of magnitude. The results show that the resistivity of
deposited films decreases as the substrate bias is in-
creased. This is attributed to changes in the Cr/Si and
Cr/O ratios in the sputtered films, which are in turn
determined by the substrate bias ratio.
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