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ABSTRACT

This paper reports the results of electrical characterization of aluminum thin films. Uniform Al thin films were
deposited by physical vapor deposition (PVD) technique on glass substrates. The electrical resistivity of the
films as a function of film thickness was studied. These parameters have been measured by four-point probe
method. The electrical resistivity was obtained by the measurement of current (in mA) and voltage in (mV)
through the probe. The results showed that resistivity of the film decreases linearly with the film thickness in
the range of the thickness studied in this work.

Keywords: Aluminum thin films, electrical resistivity (p), electrical conductivity (o), sheet
resistance (R;), thickness of Al thin films, four- probe set up

INTRODUCTION

The new tendencies of miniaturization of electrochemical components are causing a
revolution in the materials field. Particularly, materials with thin films geometry deposited on
thick substrates present physical properties that can be more relevant than for bulk [1,2].
There are several physical properties that change depending on the film thickness and kind of
material. Some thin film semiconductors present electrical and optical properties that depend
on the thickness of the deposited films. Metals tend to increase their electrical resistivity(p)
and sheet resistance (Rs) when thickness decreases between the mean free path and certain
coalescence limits. It means that the electrical conductivity(c) of metals thin films increase
with the increase in thickness of thin films and remains almost constant at bulk state for
particular metals[3,4]. Due to amazing results of thin films, the actual demand of micro -
devices used as micro-sensors to control or to measure certain physical parameters for
specific applications is increasing [5]. These efforts follow two basic objectives: to increase
the range of use and the capacity of the devices, as well as to reduce the device size and to
increase the materials quality [6]. There are different physical properties that can be studied
in a known material in order to obtain a possible new behavior [7]. In this work, a study of
electrical properties of Al thin films deposited by physical vapor deposition (PVD) technique
on glass substrates is described. The importance and role of the metallic film-substrate
geometry as well as the methodology used to obtain some electrical properties have been
explained. The obtained results may be of great interest due to the direct application in the
microelectronic industry.

MATERIALS AND METHODS

Experimental Set-Up and Procedures

The Hind High Vacuum box coater model BC 300 was used to deposit Al films on glass
substrates. Aluminum thin films with different thickness ranging from 0.1483 um 0.225 um
were deposited in chamber with pressure approximately 2x10° mbar. Tungsten coil was used
to evaporate the high purity Al metal. Glass substrates were cleaned first with distilled water
then by ethanol in ultrasonic bath and finally with the low pressure glow discharge. The
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thickness of the films were controlled during deposition by a quartz crystal and thickness
measured by DTM thickness monitor model 101.

The deposition LT (Low-Tension) current for all thickness of thin films was taken about 40-
50A. The deposition rate in all experiments was about 10 A%sec and films thickness ranged
between 0.1483 um and 0.225 um. The rotary pump reduced pressure from atmospheric to
0.001 mbar then diffusion pump was started for the further reduction in pressure. Then
diffusion pump decreased the pressure from 0.001 mbar to 2x10° mbar. The desired
thickness of the film was obtained deposited on glass substrates within one minute. Finally,

all deposited samples have been taken for resistive properties measurement by using four —
probe method.
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Fig. 1 Hind High Vacuum Box Coater Model BC- 300 for deposition of Al thin films on
glass substrates
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Fig.2 Schematic diagram of the four-point probe used for the measurement of electrical
resistivity of Al thin films.

THEORY
The four-point probes are placed collinearly with equal spacing between them on the sample.
The current is passed through the two outer probes and the potential is measured between the
two inner probes. The errors due to electrical contacts are absent because the current and
voltage leads are separate. This is a widely used technique to measure the electrical resistivity
by superficial contact. This technique is mainly used in the semiconductor industry, research
and manufacturing field.
In the first experiment, the resistivity of Ge semiconductor crystal is given by Eq. (1).

p=(V/1)x2ns 1)
Where V is the voltage in mV, | is the current in mA and s is the spacing between two point
electrode. Here, s =1.5 mm
But in case of thin metallic films, the electrical resistivity (p) of the film, whose length is
much longer than its thickness d can be obtained by formula as expressed in (2) [1,2].

p = (n/In2)(VI/N) x d

p=4.532(V/I) xd (@)

Where V is the drop potential measured among the internal electrodes and I is the current in
mA and d= thickness of thin film. The electrical conductivity of the films can be obtained by

c=Il/p 3
Knowing the values of p and thickness of thin films, the sheet resistance can be determined
according to Equation (4) [1,2]

Rs=p/d (4)
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RESULTS AND DISCUSSIONS

The variation of electrical resistivity with films thickness is shown in Figure- 3. It shows that
with increase of thickness of Al thin films, the resistivity decreases. Fig. 4 shows the plot of
conductivity as a function of film thickness. Similarly, sheet resistance decreases when films
thickness increases as shown in Fig. 5. These values obtained for the thin films differ from
the bulk values. Thus, the electrical resistivity, conductivity and sheet resistance of aluminum
thin films were measured and compared with bulk value. Table 1 shows the results of average
electrical resistivity, average electrical conductivity and average sheet resistance which were
determined for aluminum thin films of different thicknesses.
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Fig 3. Variation of average electrical resistivity (p) with thickness of Al thin films
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Fig 4: Variation of average electrical conductivity (o) with thickness of Al thin films
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Fig 5: Variation of average sheet resistance (Rs) with thickness of Al thin films

Table 1. Average electrical resistivity, average electrical conductivity, sheet resistance and
thickness of Al thin films

Thickness Average Electrical Agﬁzae%e
Al thin | of Al Thin Resistivity p Average Electrical :
S. Ei . 2. Resistance
N ilms films d Conductivity R(Q)
" | samples (um) (Qm) o(mho/m) s
1 S, 0.225 31.28x10°%+4.0x10® 3.20x10%+0.82x10° 1.39+0.17
2 S, 0.1775 68.64x10°%+7.35x10® 1.46x10°%+1.46x10° 3.88+0.42
3 Ss 0.1822 61.07x10°%+13.80x10° | 1.64x10%+0.21x10° 3.35+0.75
4 S, 0.1483 83.42x10°%+11x108 1.20x10°%+0.14x10° 5.62+0.74
5 Se 0.1900 62.39x108+7.02x10® | 1.60x10°+0.16x10° 3.08+0.37
6 Se 0.2150 51.82x10%+11.56x10% | 1.93x10°+0.24x10° 2.41+0.54
7 S, 0.1650 67.63x10°+7.66x10° | 1.48x10°+0.10x10° 4.10+0.46

Unlike the properties of bulk materials, the resistivity, conductivity and sheet resistance in the
thin film depends on several factors such as rate of deposition, thickness, temperature and
grain boundaries between others[8]. As the thickness of the film decreases, the electron
collisions with surfaces become important . Such confinement effect due to film thickness is
clearly observed on Al thin films whose electrical resistivity values are higher than bulk.
Aluminum usually presents a native oxide film (Al,O3) when exposed to atmospheric
pressure, which changes substantially its surface properties[8]. As can be seen in Tablel, the
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measured p, 6 and Rs values show variation with thickness. The analysis and behavior of the

oxide layer in aluminum films require a more detailed study and will be the subject of another
work.

CONCLUSION

We have studied the resistive properties of Al thin films with thickness between 0.1483 pm
to 0.225 um deposited on glass substrates. A methodology to characterize metallic thin films
and to measure electrical properties as a function of thickness is discussed. The electrical
resistivity measured on Al thin films is larger than those measured in bulk. The present study
will be extended in future to investigate the optical and mechanical properties.
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