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Abstract
Nanogranular Cu79Co21 films magnetotransport properties were
investigated as a function of thickness (t)

The fitting of magnetoresistance (MR) data reveals the presence of
bimodal distribution of Co-particles

Smaller particle (2.5 nm) distribution remains unaffected, the bigger one
grows monotonically from 3.3 nm to 4.9 nm for 25 ≤ t < 100 nm and stays
same (4.9 nm) for 100 ≤ t ≤ 200 nm

Dependence of MR on ‘t’ at low temperature is related to bimodal
distribution and its role in tailoring the inter-particle interactions



Granular magnetic system: Nanometric-sized magnetic particles embedded in
t t i

Scope & Work

a non-magnet matrix

Critical parameters: Particle size, inter-particle separation and intra/inter
ti l i t tiparticle interactions

Applications: High moment soft materials, magnetic sensors, and ultrahigh
d it bit tdensity bits etc Experimental Details
Why co-sputtering???y p g

1. Non-equilibrium process

2. Capable of producing otherwise not
attainable metastable alloys Deposition Details

Base pressure=1.5×10-6 Torr
3. Wide range compositions can be attained

by varying relative sputtering rate

p

Working pressure=5×10-3 Torr

Thickness of films=25-200 nm



MR at Room Temperature
MR increases monotonically
with the increase of thickness
for t≤100nm

fMR is independent of
thickness for t>100 nm

MR is non saturating veMR is non-saturating, –ve,
isotropic and non-hysteric

MR suggests the presence ofMR suggests the presence of
SPM particles in these films
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MR curves fits quite well for all the films for n=2 such that w +w =1MR curves fits quite well for all the films for n=2, such that w1+w2=1

Fittings with n=3 or higher revealed unphysical errors



t (nm) A x1 x2 w1 w2 d1(nm) d2(nm)

25 1 11 3076±7 1585±9 0 85 0 15 2 60 3 2525 1.11 3076±7 1585±9 0.85 0.15 2.60 3.25
50 1.92 3345±33 861±11 0.82 0.18 2.53 3.98
75 2.36 3352±17 586±3 0.80 0.20 2.53 4.52

100 2 51 3323±112 461±14 0 78 0 22 2 50 4 90100 2.51 3323±112 461±14 0.78 0.22 2.50 4.90
150 2.50 2975±152 434±17 0.79 0.21 2.63 4.95
200 2.51 3094±67 450±11 0.78 0.22 2.59 4.94

It is observed that there are two values of
mean particle size with diameter d1 and d2 in
films of all thicknesses

Cobalt particles with continuously varying
size in the form of a bimodal distribution

d1 stays same at ~2.5 nm and independent
of thickness

d2 increases progressively with increase in
t up to 100 nm, but almost same for t=100,
150, 200 nm



MR at Low Temperature

The value of MR20 is found to be 3.8, 2.1, 1.8, 1.7, 1.7, and 1.7 for films with t=25, 50, 75,100,
150 and 200 nm, respectively

Temperature is reduced the influence of interactions is enhanced as the ferromagneticTemperature is reduced the influence of interactions is enhanced as the ferromagnetic
ordering is enhanced at lower temperature

For t≤100 nm the number and size of d2 increases with ‘t’, hence the interactions

For t>100 nm the d2 particle’s size and fraction stays constant, thus MR dependence on t is
well explained on the basis of evolution of bimodal distribution



Conclusions
The ability of tailoring the interparticle interactions is demonstrated as
a function of thicknessa function of thickness

It is found that increasing fraction and size of bigger particle d2 with
the increase of film thickness is playing a critical role for controlling thethe increase of film thickness is playing a critical role for controlling the
interparticle interactions

100 i th h ld thi k b hi h i t ti l i t ti100 nm is threshold thickness above which interparticle interactions
become thickness independent for Cu79Co21 films
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