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MAGNETORESISTANCE OF FERROMAGNETIC JUNCTIONS 
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Junctions, formed by metal contacts on polycrystalline ferromagnetic manganites or by pressure contacts 
between two manganite specimens, exhibit magnetoresistance. 

Jonker and Van Santen [l] have reported on the 
crystallographic and ferromagnetic properties of 
the system Lal-xMexMn03 with 0 < x < 1 and Me 
a divalent metal ion. The electrical transport 
properties of ceramic specimens (particularly 
the case Me = Sr) have been studied by Volger [2]. 
He found a negative magnetoresistance, which 
exhibits a maximum value at a temperature Tm 
near the Curietemperature Tc (just as the specifc 
resistivity p), and disappears above T,. The 
d. c. values of p and of the relative magnetoresis- 
tance. Ap/p decrease with increasing voltage V. 
The a. c. values show dispersion at high fre- 
quencies. Both the voltage dependence and the 
dispersion are a strong indication that grain 
boundaries are important in the determination of 
the values of p and Ap/p (compare also the ana- 
lysis of Koops [3]). 

We investigated this last idea somewhat 
further, especially for polycrystalline 
LaO.35BaO.15Mn03. From a long rod we took 
three specimens. Specimen III was resintered 
at 14OOoC in air for about ‘70 hours. p and Ap/p 

were measured between 770K and 3000K (four- 
point probe measurements; magnetic field H 

5.5 kgauss; the magnetoresistance independent 
on the angle between H and the current i). It 
appears that p is increased markedly after re- 
intering (from 1.3 Qcm: specimen I to 7 Qcm: 
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Fig. 1. Resistance Rc and magnetoresistance ARc/Rc of 
junctions. Curve 1 is Rc and curve 2 is ARC/Rc for a 
contact between specimens I and II (V = 40 mV). Curve 
3 is & and curve 4 is ARc/Rc for a silvercontact on 
specimen III (V= 20mV). Curve 5 is Ap/p of specimen 
III. The magnetoresistance measured at 5.5 kgauss. 

specimen III, at 77OK). Also the magnetoresistance 
changed: the value at I, increased from about 
-11% to about -150/o, but the value at 77OK decreased 
from about -15% to about -10%. However, in both 
cases, I and III, T, was 2330K. Tc, though very 
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sensitive to fluctuations in x in this composition 
range, hardly changed, indicating that the chemi- 
cal compositions of I and III were the same. 
Therefore the differences between the behaviours 
of I and III must be the consequences of altered 
properties of the grain boundaries, as would be 
expected. 

Next we investigated the properties of junctions 
between a metal and specimens I and III, which 
we shall call type A, and between two ferro- 
magnets, formed by pressing specimens I and III 
together (type B). Type A contacts were prepared 
at room temperature by means of a silver sus- 
pension or an eutectic mixture of In and Ga on 
ground surfaces. It appeared that both type A and 
type B junctions exhibit a negative magnetoresis- 
tance, strongly decreasing when V increased, just 
as the contact resistance R, itself. The junctions 
seemed to be symmetric within the voltage range 
of measurements (up to 1 volt). In fig. 1 R, and 

ARC/R, versus T are plotted for a type A and a 
type B junction. The effects are quantitatively not 
very well reproducible, but always present. 
Remarkable is the flat peak in the magnetoresis- 
tance around 2000K (type A); the fact that this 
peak does not appear around 233oK, but at lower 
temperatures may indicate that the magnetic 
order at this junction is more easily removed 
than inside the ceramic itself, as would be expec- 
ted. In a typical experiment for a type B junction 
at 77oK, R, decreased from 2100 8 to 1200 52 and 
ARc/Rc from -3:s to -2 :% when V increased 
from 0 to 100 mV. At high frequencies (megacy- 
cles) the a. c. values of Rc showed much dis- 
persion, coupled with a marked diminishing of 
the magnetoresistance. In the case of type A its 
magnetoresistance seemed to saturate when H 
increased (like the magnetoresistance of the 
specimens themselves) but in the case of type B 
the magnetoresistance was found to be about 
linear with respect to H up to 5.5 kgauss. The 
magnetoresistance of type A junctions did not 
depend on the angle between H andi. We could 
not detect any hysteresis. 

The question arises why these junctions exhi- 
bit magnetoresistance in the ferromagnetic phase. 
Describing the junction by means of a symmetric 
potential barrier, we can write for the current: 
I= IO {exp(qV/kT)-1) . We define the resistance 
R of the junction as R = V/Z. Under the influence 
of a magnetic field a resistance R* will result. 
Then, keeping the current constant during the 
measurement and when qV >> kT: 

AR ( ) R (1) 
Iconst . 

One can expect magnetoresistance only when 
IO and It differ. When this is the case the effect 
disappears at high voltages. 

Let now the potential barrier separate two 
regions with different directions of the magneti- 
zations: Ml and M2. In each region the orienta- 
tion of the electronspin is coupled with the 
direction of M [4]. Because of this coupling an 
electron passing the barrier in order to adapt 
his spin to the altered direction of M must have 
an energy Em in addition to the normal activation 
energy necessary to pass a potential barrier, 
which determines lo. With n the magnetic moment 
of the electron and Q the angle between Ml and 
M2 we have em = hpM(l-cos @) with h the mole- 
cular field constant. In a sufficiently high ex- 
ternal field H the angle 9, and thus em, becomes 
zero. Hence we can rewrite (1) as: 

AR -= 
R 

-% (1-cos 9) 

The sign of the magnetoresistance is negative and 
the effect must disappear above Tc, as we have 
observed indeed. 

It has been assumed that in these polycrystal- 
line materials regions of different directions of 
M are not separated by a continuous Blochwall 
like in single-crystalline materials. Indeed, such 
a discontinuous variation of the direction of M 
has been observed by Reimer [5] in the case of 
polycrystalline films. 

We believe that this model applies to the grain 
boundaries and to the type B junctions, and 
probably even to the case of type A junctions. 

We are indebted to Dr. G. H. Jonker of Philips 
Research Laboratories, Eindhoven, The Nether- 
lands, for placing the samples at our disposal. 
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