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Effects of reduction of the forward current, [1], or the 
reverse current, [2] after 400 oC annealing in H2/N2  
mixture are known for planar processed devices where 
inorganic dielectric films (SiO2 and others) are used for 
junction passivation. 
Similar effects have been found after short duration heat 
treatments at a temperature higher than 300 oC and 
normal atmosphere for mesa junctions with organic 
dielectric layer used for passivation, [3]. 
The purpose of this work is to present new experimental 
results revealing that by suitable thermal annealing 
significant reduction of the junction reverse current may 
take place on behalf of the surface component. 
Experiments have been carried out on standard recovery 
silicon mesa PN junctions with positive beveling angle. 
The doping concentration of the starting silicon wafer was 
around of 1014/cm3 and the area of the junction  was of 
about 20 mm2 . A thin silicone elastomer layer deposited 
on the silicon structure’s peripheral surface after its 
cleaning followed by polymerization at 180 oC has been 
used as dielectric passivation layer. 
After a first passivation and after a 300 oC thermal 
annealing  for  about 4 hours, the I-V characteristics were 
measured. Then the silicone rubber passivation layer was 
removed from the structure peripheral surface and a 
second passivation has been performed. Again reverse I-
V characteristics have been measured after this second 
passivation , after an another 300 oC thermal annealing 
and after an additional thermal annealing for half an hour 
at 450 oC. 
As one can see from typical results shown in Fig.1 and 
Fig.2, the surface component of reverse current may be 
the dominant current component even in the case when a 
saturation tendency is visible. Such a behavior can be 
understood taking into account electrical phenomena from 
the junction peripheral silicon dielectric interface (Fig.3). 
Square and circle symbol characteristics correspond to a 
surface inversion layer whereas down triangle and 
diamond symbol characteristics correspond to a surface 
accumulation layer. After short heat treatments, an 
increase of the reverse current is possible which  is an 
undesired effect  on the I-V characteristic. 
By suitable junction passivation  and short duration 
thermal annealing, power devices with an operating 
junction temperature higher than 200 oC can be realized.  
Weak surface inversion or accumulation layers are useful 
if only a surface depletion layer cannot be obtained. 
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Fig. 1. Current–voltage characteristics near room 
temperature 
 

Fig.2. Current – voltage characteristics at high junction 
temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3.  Surface junction inversion (a) or accumulation 
layers for a mesa silicon diode structure; 1- dielectric 
passivation layer; 2-inversion or accumulation layer; 3- 
surface depletion region; 
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