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ABSTRACT 

 

The electrical anisotropy of Cr-Sculptured thin films has been studies as a function of growth 
angle of Cr columns on a glass substrate. A peak in resistivity anisotropy is found at growth angle 
of 72 ± 5

o
. 

 
I. INTRODUCTION 
 

Sculptured Thin Films (STFs) are 
essentially nano-engineered thin films [1] 
comprising on columns of parallel, 
curvilinear shaped nanowires [2 – 6]. With 
advancements in technology [1, 2], it is now 
possible to grow these columns from any 
material (insulators, semiconductors or 
metals) and with desired architect on a 
substrate. This manipulation of the material 
on nano scale results in interesting optical 
and other the properties of STFs [1 – 5] and 
as a result numerous applications of STFs 
have been suggested [1 – 8]. 

If a STF is prepared from a metal on 
an insulating substrate, its electrical 
properties may also be varied by varying its 
architect. In this study we investigated the 

anisotropy in electrical conductivity of the 
Chromium STFs as a function of columns 
growth angle. 
 
II. EXPERIMENTAL 
 
The samples of Sculptured Thin Films were 
obtained from the Department of 
Engineering Sciences and Mechanical 
Engineering, Pennsylvania State University 
[9]. These samples were made from 
Chromium columns grown on glass 
substrate at various angles ranging from 0 to 
85 degrees with normal to substrate. 
Montgomery method [10] was applied to find 
the ratios of electrical resistivities in X- and 
Y- directions. These directions are shown in 
Figure 1(a). The electrical conductivity in Z-
direction (normal to substrate) is assumed to  

 

 
Figure 1.  Schematic diagram of (a) X- and Y-directions and (b) Angle θ of Chromium columns 
with normal to substrate. 
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Figure 2.  STM monograms of a typical sample.  Note that only for θ = 0

o
 is shown in the picture. 

 
 
be very high as compared with conduction in  
X- or Y-direction. The angle θ measured 
from normal to substrate and is varied (0 to 
85 degrees) in Y-Z plane as schematically 
shown in Fig 1 (b). 

Figure 2 depicts the STM 
monograms of a typical sample with Cr 
Columns growth angle of zero degree. All 
the samples were baked at 120 

o
C for 

several hours before the measurements to 
avoid any moisture trapped among the 
columns. All the measurements were made 
in a moisture free environment at room 
temperature. Kiethley model 2400 source 
meter and Keithley model 2001 multimeter 
were used as controlled dc current source 
and for the measurement of small voltages, 
respectively. Small current was required to 
avoid any thermal effects. A typical I-V curve 
is shown in Figure 3. 

 

III. RESULTS AND DISCUSSION 
 

Resistivity ration (ρx/ρy) as a 
function of column angle θ is shown in Fig 4, 
where ρx and ρy are the room temperature 
electrical resistivities in X- and Y-directions 

respectively. Clearly the anisotropy 
increases exponentially as θ increases until 
it reaches to its maximum value and then 
drops exponentially, as shown in Figure 4 
(bottom). The maximum anisotropy and 
angle θ at which maximum anisotropy 
results are found by plotting the data on 
semi log scale and extrapolating the data 
from both sides as shown in Figure 4 (top). 
The value of maximum anisotropy is 5.8 and 
the θ for maximum anisotropy is 72 ± 5

o
. 

We believe that the resistivity 
anisotropy in Cr-STFs is due to the inherent 
structural inhomogenieties of these films [1, 
11]. As columns grow in height, they also 
grow in diameter [7] and hence the inter-
columnar distance decreases. When the 
growth angle is large, the shadowing stops 
the column growth in vapor flux direction (Y-
direction in this case), while columns keep 
on growing in transverse directions (X- and 
Z-direction) resulting in further decrease in 
inter columnar distance along the X-direction 
[2] and hence decrease in resistivity ρx. 
Therefore, first ρx/ρy increases as θ 
increases and then starts decreasing after 
reaching to a  maximum  value  at  a  certain 
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Figure 3. Voltage versus Current relationship for a typical sample in two perpendicular directions. 
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Anisotropy vs. Column Angle
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Figure 4.  Resistivity anisotropy (the ratio ρx/ρy) versus angle θ:  Linear scale (bottom); Semi log 
scale (top).  Solid lines are extrapolations of the data. 
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angle. 
The exponential dependence of 

resistivity anisotropy on columns growth 
angle (and hence the inter columnar 
distance) suggests that the electrical 
conduction in the directions parallel to the 
surface of STFs may be as a result of 
quantum tunneling of the charged carriers 
[12]. Further investigations are underway to 
address this question in details.  

 
 

IV. CONCLUSION 
 
The dependence of resistivity 

anisotropy of Chromium STFs on columns 
growth angle can qualitatively be explained 
by the structural inhomogenieties of the 
films. We have demonstrated that the 
electrical properties of the STFs can be 
manipulated by varying the column’s growth 
angle. 
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