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Recently various theories (Appelbaum 1967 , S6 lyom and 
Zawadows ki 1968a , b) have been propos ed to explain zero-bias 
anomali es in the dynamical conductance-voltage characteris 
ti es of metal-metal oxide metal tunnel junctions ,which 
contain magnetic imparities in the vicinity of one of the 
electrode-barri er interfaces . 

These anomalies  are caused by the Kondo-type impurity 
scattering . 

In order to treat the effect of exchange scattering 
of tunnelling electrons on ma�netic impuriti es in a tunnel 
,junction,we have used ( Ivezi c 1975 ) the hopping model of 
tunnelling proposed by Caroli et. al . (1971 ,1972) and Keldysh 
nonequilibriwn technique. 

Here , we consider the same type of junction and obtain 
the junction conductance characteri stics in a magnetic 
fi eld. The magnetic fi eld splits  the spins into their 
Ze·eman levels and therefore the spin-flip scattering proc 
- eases become inelast1c. S0me of these processes become
energetically unfavourable. According to Appelbaum6 theory
the freezing out of spin-flip processes affects the conduc
-tance at low voltages and temperatures and causes a well
in the conductance charact eri stics G (V) for e.W\ � � �e, \"\
where � is  the � -value of th e  impuri ty ,jJ.tJ i s  the Bohr 
magneton and " i s  the applied fi eld.Appelbaum ' s  theory pre­
dicts thi s  well in G ( V) might be so large that the total 
conductance falls below the background-the part of the co 
-nductance which is not temp �rature and voltage dependent
-near zero voltage for large enough fi elds. Experimentaly
it appeares that there is only a local minimw:n in conduct
-ance at zero bias .

As we have shown (Ivezi c 197 5 ) the  Appelbaum th eory 
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d oes not  include all the important contribution� to the 
conductivity. The position dependence of different contribu 
-ti ons to the conductivity which was not considered in
Appelbaum 's theory and the occurence of some new terms
cause relatively smaller change in conductance by the fi­
eld �G .. whi ch makes the agreement between theory and expe
-riment much better.

Our Hamiltonian is .-') + C � -'>' H � \-\ -� L Ci1. bc,..r.,C ,f} �� + (l .lA�S \'\l'o\tM c,.,t., <I /  · 
The first term HM1� i �  the pure contact hamiltonian 
hopping model of tunnelling , the second term is the 

in the 
Kondo 

type exchange coupling , and the third term describes the 
local spin coupling to the magnetic field . 

VI• have calculated the It and l
r
,
o. 

self-energy matrix
l, � 

elements up to the order 1 an� 1 ,using the Keldysh techni 
-que ,for the impurities confined to the barrier region and
to the electrodes.  The second order contribution to the
conductance is the most important term since it i �  already.
strongly temperature and voltage dependent. Here the ma.ln
contribution comes from the region inside the barrier and
close to the i nterface : 

��Gu\ll�;tj : �+ 2. CO'):t.t - {M>_ (� -L��14J[r( �+e..V) .t(�-;v)J 
tc.'u \ OJ '2..Sl�i-1) ILT 

'1.1 \\• 
+ =i tl;:_.) � L � ( t(e.\1- �)- t {�\J ·t �)) (l.)

Here : '/;�) -:a: r-l.11. .f-4 t?t) f{e.VT) � - � (�W\+"l1tTJ (1tJ t h st��5�{5)
( .t - e." t ) I E o I ('G 

q(c.,J is the argument of the retarded Green function of the 
• {.h, pure contact on the pla.ce of the impuri ty 11 ot. "- ,,:� , and (M} 

is the average spin polarizati on in the field � . 
The terms without <p functi on correspond to Appelbaums 

result .The other terms whi ch contain the explici t depende 
-nee on the posi tion of the impuri ties in the barrier come

�· �� . from the L self energy elements and change Appelbaums
result.The third ord er contributi on to the conductance� 
which for nonzero H gives only a smal l correction to ( 2 ) 



has a complicated �orm and will not be qaoted here. 
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