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INFLUENCE OF THE PUMPING SPEED ON V-A
CHARACTERISTICS OF THE DC MAGNETRON
DISCHARGE IN AN Ar—N, MIXTURE')

KADLEC. S.. %) Praha

In the DC Mmagnetron sputtering of titanium in an Ar + N, mixture the V-A
characteristics of the discharge were measured and the influence of the pumping speed
on their shape was studied. There is a hysteresis loop in the characteristics at low
pumping speeds. At high pumping spceds the hysteresis disappears.

L. Introduction

DC planar magnetrons have been used for thin film deposition of different
materials. Compared to the diode sputtering their advantage is in the possibility
of sputtering the cathode with a high current density while the discharge voltage
is several undreds volts. This fact is closely related to the typical shape of V-A
characteristics of the magnetron discharge [1].

In the reacative magnetron sputtering the reactive gas {e.g. nitrogen) forms
a compound with the cathode material (e.g. titanium) not only on the substrates
but also on the cathode itslef. This effect causes a decrease of the sputtering yield
of the cathode material. Changes of the flow rate of nitrogen gettered by the
sputtered titanium cause changes of the partial pressure of nitrogen and it reacts
back on the covering of the target by the nitride. That is why the hysteresis effect
can be observed in the reactive sputtering with two stable regimes (termed
metallic and nitride modes) differing by the coverage of the target by the nitride.
The history of the process determine which mode is present [2]. In the metallic
mode the coverage of the target by the nitride is low. the sputtering yield is high
and the paratial pressure of nitrogen is low. In the nitride mode the target is
covered by the reaction product, the sputtering yield is lower and the partial
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pressure of nitrogen is high. Jumpings between the two modes occur at the
boundaries of the hysteresis loop. The hysteresis effect can be undersirable
because it can prevent forming films with proper stoichiometry.

In the reactive sputtering the shape of the V-A characteristics is influenced by
the presence of the reactive gas. The characteristics are strongly modified
compared to those observed in pure inert gas especially when a hysteresis loop
occurs in the characteristics [2, 3].

This paper presents V-A characteristics of the DC planar magnetron in the
reactive sputtering of titanium in an Ar-N, atmosphere and compares the
characteristics with the behaviour of the partial pressure of nitrogen for different
pumping speeds.

1. EXPERIMENTAL ARRANGEM ENT

The experiments were made in a device schematically shown in Fig. 1. The
deposition chamber is evacuated by means of an oil diffusion pump (2000 s,
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Fig. 1. Schematic illustration of the experimental device.

The pumping speed was varied by a throttle valve placed between the diffusion
pump and the deposition chamber. The deposition process was carried out ata
Constant total pressure p, measured by means of a high pressure triode ioniza-
tion gauge:

Pr= \nz%z + kppa, n

where ky,, k,, are the sensitivies of the gauge for both 8AS€S, Py, 74, are their
partial pressures. The amount of N, in the gas mixture was controlled by setting
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up the ratio ¢ = D,/ Dy, ie. the ratio of flow rates of nitrogen @, and argon
@,,. For this control the automatic MKS pressure/flow controller, equipped
with mass flow meters and electronic valves, was used.

The diameter of the planar circular magnetron used was 120 nm. The target
was made from Poldi Titan 45 (99.5%). Experiments were made in the arrange-
ment shown in Fig. 2. The electromagnet current 1,,, the total pressure p, and the
ratio of flow rates ¢ in the experiments were kept constant.
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Fig. 2. Experimental arrangement used for measuring the V-A characteristic.

IH. RESULTS AND DISCUSSION

The V-A characteristics of the magnetron discharge, i.e. the function of the
discharge voltage U, vs. the discharage current /,, are shown in Fig. 3. Constant
parameters are p,=0,9Pa, I, =2 A, the pumping speed for nitrogen
Sna=911s7". When @ =0, the V-A characteristic has a shape typical for a
magnetron discharge in an inert gas atmosphere. If nitrogen is mixed with argon
(9 > 0), then the V-A characteristics fall into three parts. In the metallic part of
the characteristic corresponding to comparatively high currents I, the curve is
near to that observed when ¢ = 0. In the nitride part of the characteristic, with
low currents I,, the discharge voltage is higher than without nitrogen. A tran-
sition region lies between these two parts of the characteristic. The transition
region is shifted towards higher currents when the ratio ¢1s increased. The shift
indicates that the shape of V-A characteristics is influenced by covering the
target by the reaction product and by changes of the nitrogen partial pressure.

To confirm this statement we have suggested an experiment in which the
partial pressure p,, with the discharge was measured simultaneously with the
V-A characteristics. The determination of py, is based on measuring the argon
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flow rate without nitrogen &, (0, 1)) and with nitrogen @, (¢, /). Equilibrium
state in the sputtering chamber is described by the following formulae:

S>_. = \~>1M‘>a + ...e>q ANV
Pnz = PraSna + Py, 3)

where Sy, and S,, are the pumping speeds of the vacuum system including the
throttle valve and *@,,, '@y, are the flow rates of gases gettered by the sputtered
titanium,
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Fig. 3. A set of V-A characteristics of the mag-
netron where the ratio of flow rates
@ = D,/ Py, is a parameter.
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Using the same method as in ref. [5] the partial pressure of nitrogen py, can
be determined with the help of the following formula

1
hSx,

Paally) = (D40, 1) — 2,(0, 1,)) 4

where

h="05 _ g,
\A>_. M.ZN

The comparison of U,, @,, and P, as functions of the discharge current I,
is shown in Fig.4 with constant parameters Sy, =411s™', p, =2 Pa and
I,, = 2 A. This detailed measurement shows a hysteresis loop in the V-A charac-
teristics when @ = 0.1. Similar loops can be seen in the functions @,, and py, vs.
1,, too. Moreover, the jumps between both parts of the curves U(/,), ®,(L,) and
Pnol1y) occur at the same discharge currents 1,. This fact confirms the hypothesis
that a close relation exists between the gettering effects and the shape of the V-A
characteristics.

In the metallic part of the functions (¢ = 0.1 in Fig. 4) the partial pressure Pra
is low and the target coverage by the reaction product is low, too. Therefore the
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discharge voltage U, is nearly the same as without nitrogen (¢ = 0). On the other
hand, in the nitride mode the partial pressure Pna 1S comparatively high and the
taraget is strongly covered by the nitride. In this mode the voltage U, is higher
than in pure argon.
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rig. 4, Umwormqmn voltage U,. argon flow rate Fig. 5. The same functions asin Fig. 4 at a high
?,, and nitrogen partial pressure py, as fun- pumping speed of the vacuum system.

ctions of the discharge current {,at a low pump-

«

ing speed of the vacuum system.

The increase of U, in the reactive mode is typical for TiN. Some other
materials behave in an opposite manner, e.g. AIN and SiO, [3, 4]. The covering

in the gas phase have to be considered, too, but the influence of these effects on
U, is probably weaker. Our measurements confirm this statement, When
1; < 1A, the values of U, obtained for ¢ = 0] and ¢ = 0.4 are nearly equal,
althogh the partial pressures py, differ by a factor of 4 (see Fig. 4).
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The hysteresis effect in the reactive sputtering is closely related to the pump-
ing speed of the vacuum system. If the pumping speed is increased above a
particular critical value, then the hysteresis loop disappears [5]. In Fig. 51t is
shown that the same effect is observable also in the functions of the partial
pressure p,,. the flow rate @, and the voltage U, vs. the discharge current 1,
Here the pumping speed Sy, is increased to 165 Is7' pr=0.5Pa, I,=2A In
Fig. 5 it can be seen that if the pumping speed is sufficiently high, then all the
three functions are unambiguous and ém%ocC.::%m. However, also in this case
the transition between the nitride and metallic parts of the V-A characteristic
corresponds to a region of a fast change in py,, which is in an indication of a
fast change in the target coverage by the nitride.

IV. CONCLUSION

The V-A characteristics of the DC magnetron discharge in the reactive
sputtering of titanium in the Ar-N, gas mixture indicate the state of coverage of
the target by the reaction product. The hysteresis loop observed in the charac-
teristics can bring valuable information about the state of the system, especially
when the measuring of the partial pressure of the reactive gas is not available.
Moreover, the shape of the V-A characteristics shows what the pumping speed
is, if higher or lower than the critical one.
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BIUAHUE CKOPOCTH HAKAYKM HA BOJIBT-AMITEPHBIE
XAPAKTEPUCTUKH PAIPANIA B CMECHU Ar + N,, MPOUCXOAAHIETO
B MATHETPOHE NOCTOAHHOIO TOKA

B pabore npusoastes Pe3ynsTaTel usmMepeHuii BOJILT-aMNEPHBIX XaPAKTEPHCTHK paspsana u
H3Y4CHO BJIMAHUE CKOPOCTH Hakayku Ha UX POPMy npu pacnwinenun THTaHA B cMecH Ar + N,,
KOTOpoe mpoucxoauso s MAarHeTpoHe TNOCTOSHHOrO TOK. Obuapyxeno, uto pH  HUIKUX
CKODOCTSX Haxkauku s BOJILT-aMUCPHBIX XapaxTepucTHkax CYWIECTBYET METNA FUCTepesunca. Dra
TICTNA THCTEPe3UCa NPU BBICOKHX CKOPOCTSAX HAKAMKM HCue3aeT.
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