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The thickness dependence of the absolute temperature 
coefFicient of the resistance of ultra-thin metal films is 
calculated with the help of Monte-Carlo calculations al-
ready successfully applied to the simulation of the elec-
trical resistance. An initially strong increase and then a 
weaker decrease of the ATCR with increasing thickness is 
found. 

In a previous pape r we have reported on Monte-
Carlo calculations of the electrical resistance of 
ultra-thin metal f i lms [1], The model was based on 
the assumpt ion that clusters of def ini te size are 
statistically dis t r ibuted on the substrate surface. The 
substrate was divided into cells each of which 
was open for occupat ion by one or several clusters. 
The resistance then was calculated using the relation 

R k , = R o W ' ( 1 ) 

where k and / are number s of clusters in two neigh-
bouring cells, respectively, and RQ is the reference 
resistance of a hypothet ical layer with all cells singly 
occupied with a cluster of height d0. A typical 
Monte-Car lo s imulat ion for d = 0.7 d0 is shown in 
Fig. 1 a, and the corresponding network is illustrated 
in Fig. 1 b. It should be emphas ized that the re-
sistance between two occupied next nearest cells 
(black rectangles in Fig. 1 b) has also been included. 
This resistance was assumed to be greater by a 
factor a than that between nearest cells in order to 
take into account that for a l imited range of 
distances the fo rmat ion of highly ohmic conduct ing 
bridges between the clusters [2] or an electron 
hopping via surface t raps [3] cannot be neglected. 

* Present address: DIEHL 8505 Röthenbach. 

Reprint requests to Prof. Dr. P. Wißmann. Egerland-
straße 3, Institut f. Physikal. u. Theoret. Chemie der Uni-
versität Erlangen, 8520 Erlangen. 

1 1 1 

1 1 

1 2 1 

2 2 2 1 

1 

The a im of the present paper is to point out that 
such a model can also be applied to the descript ion 
of the absolute a t empera tu re coeff icient of the 
resistance (ATCR) and its correlation with the mean 
thickness d of the discont inuous film. 

The A T C R is def ined as [4] 

ß = dR/dT. (2) 

Obviously we have to sum up the var ious transit ions 
between occupied cells analogously to the approved 
resistance treatment. T h e only modi f ica t ion is that 
we count the A T C R for two neighbour ing crystal-
lites positively and for the next ne ighbour ing 
crystallites negatively. All other s impli f icat ions are 
similar to those used in the resistance calculation 
[1]: 

(a) The positive A T C R between ne ighbour ing cells 
is still dependent on the degree of occupat ion 
according to (1) and (2), 

ßkl = ßo(\/]fkT), (3) 

where ß0 is the A T C R for a f i lm with all cells 
singly occupied. No te that the normal iza t ion by 
/?o leads to a descript ion which is independen t 
of the number of cells to a first approx imat ion . 

(b) The negative A T C R between occupied next 
neighbouring cells is enhanced by a factor of y 
as compared to the prediction of (3). The 
parameter y is arbi trari ly chosen to be 10 or 
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Fig. 2. Thickness dependence 
of the ATCR calculated 
according to (3). 
Full curve with y = 1000 
and dashed curve with y = 10. 

1000. This assumption is based on the exp-
perienee that the highly ohmic bridges [2] or 
the electron hopping [3] cause the discontinuous 
films to behave semiconductor-like with respect 
to the t empera tu re dependence of resistance. 

The network analysis [5] has been performed for a 
quadra t i c substrate divided into 1 0 x 1 0 cells as 
described previously [1]. Each simulat ion was re-
peated ten t imes and averaged in order to obtain a 
smooth curve. The result of the calculation is 
shown in Figure 2. Obviously the A T C R starts with 
strongly negative values, runs through a relatively 
sharp m a x i m u m near d = d0 an then decreases 

towards zero level. The half width of the m a x i m u m 
peak is higher with smaller values of 7. 

It would be desirable to check these predictions 
with experimental data. Unfor tuna te ly , only very 
few measurements of the A T C R of thin films are 
available in the l i terature. Some early data on N a 
[4] and Ni [6, 7] fi lms seem to conf i rm quali tatively 
the shape of the curves of F igure 2. It should be 
ment ioned, however, that deviat ions are to be ex-
pected if the fi lms do not show a def ini te cluster 
size but ra ther a smeared cluster size distr ibution. 
Moreover, coagulat ion processes have been ex-
cluded f rom the present considerat ion. 
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