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Abstract 
The thin-film alloy Cu ,.Fe~_ ,., with x = 0-0.60,  has been produced by electrodeposition. X-ray measurements show that 

the film consists of a mixture of fcc Cu and bcc Fe. M~Sssbauer and SQUID measurements have been made on a range of 
concentrations. 

1, Introduction 

In recent years inhomogeneous granular films have 
become the subject of intensive investigations. This is due 
to the fact that these materials are of great interest from 
both fundamental and practical points of view. We con- 
sider that we are the first workers to use the relatively 
simple and cheap technique of electrodeposition to pro- 
duce granular materials: in an earlier paper [1] we reported 
results for the Cu I - ,Co~ system for x = 0,06-0.20. These 
samples were produced under conditions of constant cur- 
rent. An important feature of samples produced by elec- 
trodeposition is that they are inhomogeneous immediately 
after production, i.e. without the requirement of annealing. 
Furthermore, we have also observed a considerable GMR 
effect in these materials [2]. It therefore seemed relevant to 
us to continue these investigations in similar systems and 
we have, therefore, extended our investigations to the 
CuFe system, since this offers us both the opportunity to 
compare the behaviour of two similar systems, thus en- 
abling us to gain further insight into the fundamental 
properties of these materials and also raises the possibility 
of producing even cheaper granular materials; a feature 
which is of considerable importance if their GMR proper- 
ties are to be used, for example, in practical applications. 

2. Experimental  technique 

Cu,F% ~ films with x = 0 -0 .60  were electrolytically 
deposited from a solution with the following composition: 

F e S O 4 . 7 H 2 0  30.0 g / l  
Na3C~,HsO 7 • 5 .5H20 120 g/1  

• Corresponding author. Email: j.williams@sheffield.ac.uk; fax: 
+44-114-272-8079. 

0304-8853/96/$15.00 © 1996 Elsevier Science B.V. 
SSDI 0 3 0 4 - 8 8 5 3 ( 9 5  )00693-1 

H3BO 3 6.6 g / I  
MgSO 4 . 7H ~O 23.3 g/1  
C6H4SO2NHCO 1.0 g / I  
CuSO 4 - 5 H 2 0  0 - 2 0  g / I  

A current density of 5 - 6 0  mA cm 2 was used at a 
temperature of 40°C and a pH of 6.0. Films were deposited 
onto three different types of substrates: Cu foil for SQUID 
measurements, ceramic wafer coated with a thin layer of 
NiP for GMR and X-ray measurements and onto AI foil 
for M~issbauer and TEM measurements. For the FeCu 
system, the current density plays a much more important 
role than in the electrodeposition of the CuCo system. The 
more CuSO 4 that there is in solution, the greater is the 
current density that must be employed in order to produce 
electrodeposition. This is why we do not have a linear 
increase of Cu in the films in proportion to the concentra- 
tion of CuSO 4 in the electrolyte; for this reason it was 
easier to deposit Fe in the films than Cu. 

X-ray measurements were made using a Dron-3M in- 
strument with Co K s  radiation with a graphite monochro- 
mator. The MiSssbauer data were obtained using a constant 
acceleration velocity spectrometer calibrated using c~-iron. 
The magnetic measurements were made using a Quantum 
Design (MPMS) SQUID magnetometer; temperatures could 
be controlled to within + 10- 2 K and fields could be set 
to an accuracy of _+ 10 6 T. 

3. Results and discussion 

Fig. 1 shows schematically the results of the X-ray 
analysis of a range of film compositions obtained by 
varying the concentration of CuSO 4 in the electrolyte. We 
observe two lines corresponding to fcc Cu: a (11 I) line at 
2 0 =  50.5 ° and a (200) line at 2 0 =  59.2 °, plus a further 
two lines for bcc Fe: a (1 I0) line at 20 = 52.4 ° and a (211) 
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Fig. 1. X-ray diagrams for the different CuFe films. The relative 
intensities of the lines are given in arbitrary units. 

line at 99.4 °. The (211) line for bcc Fe is absent from three 
of the spectra; we attribute this to a texturing effect which 
is typical for thin films. The peaks observed are seen to be 
generally shifted from the usual, tabulated positions of the 
pure elements to a smaller range of angles, which we 
interpret as being caused by a small increase of lattice 
parameter. This is partly due to the alloying with Cu, 
which has a slightly larger lattice parameter, and also to 
the fact that some of the other components of the elec- 
trolyte (e.g. Na3C6H50 7) are incorporated into the film 
during growth. With increasing Cu concentration in the 
electrolyte, and consequently in the film, a broadening of 
the X-ray peaks is observed. The width of the peak 
changes from 0.5 °, for the lowest Cu concentration, up to a 
value of 1.3 ° for the highest concentration. This we assume 
is due to the presence of a range of particles of decreasing 
sizes. We thus conclude that the films consist of a mixture 
of fcc Cu and bcc Fe particles. These results are different 
than those for films produced by vapour deposition by 
Chien et al. [3] and by Sumiyama and Nakamura [4] using 
rf sputtering; those workers found a single-phase bcc 
structure up to a concentration of x = 0.30. 

The MiSssbauer results show remarkable changes in the 
spectrum as the Fe concentration is varied. At high Fe 
concentrations, the spectrum is predominantly sextet (mag- 
netic) in nature exhibiting a nuclear magnetic hyperfine 

Table 1 
M~ssbauer parameters obtained from the computer fits. The centre 
shifts (CS) are given relative to a-Fe. The percentage absorption 
area attributed to the non-magnetic component is also given 

Cu conc., CS (para) CS (mag) H Para 
x (mm s-  I ) (mm s-  i) (kG) (%) 

0 0.19 0.02 333 1.42 
0.13 0.15 0.03 327 3.75 
0.25 0.21 0.02 332 4.35 
0.35 0.31 0 0 100 
0.42 0.21 0 0 100 
0.60 0.18 0 0 100 
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Fig. 2.57Fe MiSssbauer absorption spectra for the CuxFe ~ -x films 
with (A) x = 0, (B) x = 0.25, (C) x = 0.42. All measurements 
were at room temperature relative to a 57CoRh source. 

field of around 33.3 T but, as the Cu content increases, we 
observe the emergence of a second, non-magnetic phase in 
addition to the magnetic sextet (see Fig. 2). However, the 
magnetic hyperfine field for the sextet remains virtually 
unchanged from that for bulk Fe even up to 25% Cu 
addition. This is additional evidence for the fact that we 
are observing relatively pure bcc Fe particles in these 
granular materials. At room temperature, for Cu concentra- 
tions of 35% or greater, the magnetic sextet completely 



J.M. Williams et al. /Journal of Magnetism and Magnetic Materials 155 (1996) 355-.?57 357 

0.020, 

E 

0.01~ = 

0.010 

0.005 

~ : . ~  . . . . . . . . . . . . .  ±4 . . . . . . . . . . . . . . . . . .  

0 2 4 

B(T) 

Fig. 3. Magnetization curves for the Cu ,Fe I _, film with x = 0.42 
measured at the indicated temperatures. 

On the other hand, SQUID measurements show that at 
the above-mentioned concentrations of Fe, even when the 
magnetic sextet has disappeared, the samples still show a 
magnetic moment at room temperature (Fig. 3). This be- 
haviour is difficult to explain at the preset time. In order to 
investigate this problem further, both low-temperature 
M~3ssbauer and SQUID measurements are in progress on 
samples with a wide range of compositions. 
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