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Electrical properties of thin metal zinc films 
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Thin metal zinc films 40 to 200nm thick are deposited by thermal evaporation at room tem- 
perature onto glass substrates with a deposition rate of 0.2 to 0.7 nm sec -1 . The electrical 
resistivity is measured as a function of film thickness, deposition rate and annealing tem- 
perature. The experimental results show that electrical resistivity decreases as the film thick- 
ness, deposition rate and annealing temperature increase, while the temperature coefficient of 
resistivity increases with the increase in the film thickness. The calculated values of the activa- 
tion energy for the conduction electrons increases as the film thickness and deposition rate 
increase. The well known Fuchs-Sondheimer model is applied for zinc films. The theoretically 
calculated values for the electrical resistivity and the temperature coefficient of resistivity are in 
good agreement with the experimental results. 

1. I n t r o d u c t i o n  
The electrical resistivity and the temperature coef- 
ficient of resistivity of thin metallic films vary markedly 
from those of their bulk specimens, and this variation 
increases as the film thickness decreases. The electrical 
resistivity and the temperature coefficient of resistivity 
of  zinc films deposited by r.f. (radio fl'equency) 
sputtering at room temperature were studied [1, 2]. In 
another study the electrical resistivity and the tem- 
perature coefficient of resistivity of  zinc films deposited 
at room temperature onto glass substrates [3] have 
been studied a s  a function of film thickness and 
annealing temperature. The measurements of  the elec- 
trical resistivity on annealing show irreversible 
change. This electrical stabilization was found for zinc 
films deposited by sputtering [4]. All the experimental 
results show that the electrical resistivity of  zinc films 
is many orders of magnitude higher than the bulk value. 

The well known Fuchs-Sondheimer model [5, 6] has 
been used successfully by many authors to calculate 
the electrical resistivity and temperature coefficient of  
the resistivity of  thin films. 

The aim of this work is to study the effect of  fihn 
thickness, annealing temperature and deposition rate 
on the electrical resistivity and temperature coefficient 
of  the resistivity of zinc films deposited on glass sub- 
strates at room temperature in a high vacuum. Also 
we aim to show the dependence of the activation 
energy of the conduction electrons on the film thick- 
ness and deposition rate. 

The theoretical values of  electrical resistivity and 
temperature coefficient of  the resistivity of  zinc films 
are calculated using the Fuchs-Sondheimer model, to 
show the degree of agreement between the experimental 
and theoretical values. 

2. Experimental procedure 
Zinc thin films were deposited in a vacuum of  10 3 Pa 

onto glass substrates at room temperature, by thermal 
evaporation. Zinc material of  99.99% purity from 
Bakers was evaporated from a molybdenum boat. 
The temperature of the substrate and overgrowth 
were measured and controlled using Ni -CrNi  thermo- 
couples stuck onto glass substrates, while the evapor- 
ation rate and film thickness were measured by a 
quartz crystal thickness monitor. Four indium elec- 
trodes were welded to the substrates for electrical 
measurements. 

The electrical resistivity was measured in situ for a 
series of  zinc films 40 to 200nm thick, deposited at 
0.5nm sec ~ 

A second series of  experiments was carried out to 
study the effect of  annealing temperature on the elec- 
trical resistivity. The films were annealed in the tem- 
perature range of 50 to 150 ~ C. 

A further series of  experiments was carried out to 
show the dependence of electrical resistivity on the 
deposition rate. Zinc films 180 nm thick were deposited 
with 0.2, 0.4 and 0.7 nm sec ~ . This work was carried 
out at Minia University, using a coating unit of  the 
type E 306 A, from Edwards. 

3. Results and discussion 
The electrical resistivity 0 as a function of the thick- 
ness t of zinc thin films is shown in Fig. 1, for various 
annealing temperatures. The effect of  annealing tem- 
perature on the electrical resistivity of  zinc films is 
presented in Fig. 2 for various thicknesses. The 
relationship between electrical resistivity and anneal- 
ing temperature for a series of  zinc films 180 nm thick 
deposited with 0".2, 0.4 and 0 .7nmsec  ~ is given in 
Fig. 3, to show the role of  the deposition rate on 
electrical resistivity. The dependence of the tempera- 
ture coefficient of  resistivity on film thickness is illus- 
trated in Fig. 4. 

The electrical resistivity decreases (Fig. 1) and the 
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Figure 1 The thickness dependence of the electrical resistivity of zinc 
thin films for variousannealing temperatures. 
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temperature coefficient of resistivity increases (Fig. 4) 
as the film thickness increases. This is due to the filling 
of the empty channels between the isolated islands of 
very thin zinc films and the transformation of zinc 
films from discontinuous to continuous films, where 
the conduction is also changed from conduction 
through the substrate in the empty channels, to the 
conduction through the metallic zinc film material 
itself. The zinc films studied here have a polycrystal- 
line structure, as previously found [3]. 

The annealing process causes the rearrangement of 
the film crystallites, decreasing the porosity of the film 
and leading to the formation of a continuous poly- 
crystalline film, which has lower values of electrical 
resistivity. This effect is clearly shown in Fig. 2. 

As the deposition rate increases, the rate of filling of 
the empty channels between the isolated islands 
increases, thus the electrical resistivity decreases as 
seen in Fig. 3. 
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Figure 2 The relationship between annealing temperature and 
electrical resistivity of zinc thin films of various thicknesses. 
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The conductivity of the film ar is given by the rela- 
tion: 

ar = a 0 e x p ( - E / K T )  (1) 

where e0 is the bulk conductivity, K is Boltzman's 
constant, T is the absolute temperature of the film and 
E the activation energy for the conduction electrons. 
Fig. 5 shows the relation in Equation 1. The activation 
energy can be calculated from the slopes of the lines 
presented in Fig. 5, as shown in Table I. It is clear that 
the activation energy increases as the deposition rate 
increases. Equation 1 is represented in Fig. 6 for 
various film thicknesses, (Fig. 5 was for various 
deposition rates). In the same way, the activation 
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Figure 3 The variation of electrical resistivity of zinc thin films of 
thickness 180nm with annealing temperature. Films deposited at 
0.2, 0.4 and 0.7nmsec ~. 
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Figure 4 The relation between temperature coefficient of 
resistivity and thickness of zinc films at various annealing 
temperatures. 

energy was ca lcula ted  f rom Fig. 6 as a funct ion of  the 

film thickness,  as shown in Tab le  II .  The  results  show 
tha t  the ac t iva t ion  energy increases as the film thick-  
ness increases,  which is in agreement  with results  
found  previously [3] for zinc films deposi ted  by thermal  

evapora t ion .  
A c c o r d i n g  to the F u c h s - S o n d h e i m e r  model ,  the 

electr ical  conduc t iv i ty  and the t empera tu re  coefficient 
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Figure 5 The dependence of the electricaI conductivity on annealing 
temperature for 180 nm thick zinc films deposited with 0.2, 0.4 and 
0.7 nm sec-', respectively. 

of  resist ivity fir are given by the fol lowing relat ions:  

and  

3 
1 - ~ ( 1 -  P) f o r 2 >  1 

aria~ = (l + P)  
�88 (l  p-------71n [1/2] for ~ < 1 

(2) 

3 
fir/rio = 1 - ~ ( 1  - P) for)~ > l (3) 

where flo is the t empera tu re  coefficient of  resist ivity of  
the bulk  mater ia l ,  )~ is the reduced thickness  of  the 
film, 2 = t/Lo, Lo is the mean  free pa th  of  the conduc-  

t ion electrons.  P is the specular i ty  pa ramete r ,  t ak ing  
values f rom 0 to I. 

The numer ica l  values of  at- and  fir are ca lcula ted  
using Equa t ions  2 and 3, respectively,  and  the fol low- 
ing values are listed in [7]: a0 = 1.69 x l0 s , 

TABLE 1 The relation between activation energy for the con- 
duction electrons and the deposition rate of zinc thin films 

Deposition rate Activation energy 
(nm sec- f ) (eV) 

0.2 0.016 
0,4 0.022 
0.7 0,026 

TABLE 11 The dependence of the activation energy for the 
conduction electrons on the thickness of zinc films 

Film thickness Activation energy 
(nm) (eV) 

50 0.0029 
100 0.0031 
130 0,0058 
150 0.0073 
170 0.0095 
200 0.0112 
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Figure 6 The relation between electrical 
conductivity and annealing temperature 
for zinc films o f  various thicknesses 
deposited with 0.5 nm sec -~ . 
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Figure 7 The theoretical relation between electrical resistivity and 
reduced thickness calculated according to the Fuchs-Sondheimer  
model for zinc films. 
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Figure 8 The dependence of  temperature coefficient of  resistivity on 
reduced thickness of  zinc thin metallic films calculated according to 
the Fuchs-Sondheimer  model. 

L0 = 12nm, fl0 = 4.19 x 10 - 3 ,  for zinc. The rela- 
tion between the theoretically calculated electrical 
resistivity and the reduced thickness according to 
Equation 2 is shown in Fig. 7, while Fig. 8 illustrates 
the relation between fir and the reduced thickness for 
zinc films calculated from Equation 3. The theoretical 
results in Figs 7 and 8 are in good agreement with the 
experimental results in Figs 1 and 4, having the same 
character but with lower orders. 

4. Conclusions 
The electrical resistivity of zinc thin metallic films 
decreases as the fihn thickness, deposition rate anneal- 
ing temperature increase. The temperature coefficient 
of resistivity increases as the film thickness and 
deposition rate increase. The activation energy for the 
conduction electrons increases as the deposition rate 
and the film thickness increase. 

The experimental values of the electrical resistivity 
and the temperature coefficient of resistivity of 
zinc thin metallic films are in good agreement with 
the theoretically calculated values using the Fuchs- 
Sondheimer model, but the experimental values are of 
a higher order of magnitude. 
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