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ABSTRACT 

The given work studies the reason of the change of a superfluous current near crystallization temperature of an amor-
phous αPbSb metal alloy and at the same time founds out the influence of ultrasonic processing (USP) on the properties 
of αPbSb-nSi solar elements (SE), made by Shottki diodes technology (ShD) with a metal alloy. It is found that occur-
rence of a superfluous current αPbSb-nSi ShD under the influence of thermoannealing is connected with changes of 
structure of an amorphous film of metal at transition in a polycrystalline condition. VAC damaged αPbSb-nSi Sh Dare 
very sensitive to annealing time. Eventually, even at room temperature, level of a superfluous current decreases, i.e. 
“the wound” put by mechanical damage sort of heals, restoration process occurs the faster, the higher the annealing 
temperature is. Function of γt annealing parameters changes in an interval  0 t 1   and the influence USP on 

photo-electric properties αPbSb-nSi SE depends on the chosen UIT mode. 
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1. Introduction 

In the literature devoted to physics and technology of 
contact metal-semiconductor, the processes occurring in 
contact piece are extensively studied, and it is considered 
that all these processes are connected with the semicon-
ductor. The role of metal in most cases is neglect. Influ-
ence of metals and their crystal structure on the processes 
which take place in contact piece, either is not considered, 
or is badly studied. To identify the role of metal ShD 
properties [1-4] have been studied. In late ХХ centuries, 
interest in ShD, made with application of films of metals 
and metal alloys with amorphous structure [2,4,5] has 
increased. The reason of such interest is that application 
metal films with amorphous structure allows to make 
ShD with important application properties. Advantage of 
application of amorphous metals also lies in the fact that 
due to the absence of granular structure and boundaries 
of grains in amorphous films a more homogeneous de-
marcation must be formed, and as effect of it, ShD 
should have properties, close to the ideal ones. Besides, 
there are messages that amorphous films of metals well 
play a role of diffusive and electric barriers in microelec- 
tronic structures. The present activity is devoted to stu-  

dying of change of a superfluous current in a αPbSb-nSi 
ShD close to the temperature of crystallization of an 
amorphous metal alloy, and simultaneously to studying 
of influence of UIT on the properties of a αPbSb-nSi SE 
sample made on ShD technology with a metal alloy. In 
certain cases, under the influence of various factors, at 
low direct voltage superfluous current occurs in ShD 
there due to the degradation of the current-voltage char-
acteristic [4,6]. In our experiment in αPbSb-nSi ShD the 
superfluous current appears at temperature near 573 К, as 
is shown in Figure 1. Along with temperature change 
structural changes take place [7] in amorphous metal 
films which appear at small direct voltage of VAC deg-
radation. In this connection it is of interest to study deg-
radation (superfluous currents) properties which have 
arisen under the influence of thermoannealing, and also 
study the influence of ultrasonic effect on photo-electric 
and electrophysical properties of semiconductor diodes 
and devices of this kind. Lately interest in a problem of 
purposeful change of physical properties of semiconduc-
tor materials does not weaken. Practically in all publica-
tions on this subject a question on particular gears of this 
effect remains unclear [8-12].  

As ultrasonic effect is an effective mode of increasing 
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Figure 1. Current-voltage characteristic of αPbSb-nSi Sho- 
ttki diodes 1-before and 1’-after a thermoannealing at 473 
K. 
 
the internal energy of solids, depending on absorption co- 
efficient and intensity of ultrasound, various structural 
changes influencing both the photo-electric, electrophy- 
sical properties of materials and plastic deformation pro- 
cess are possible.  

2. Experimental Process 

For manufacturing a ShD a p-type silicon plate with ori-
entation (III) and specific resistance of 0.7 Om·cm was 
used. The matrix contained 14 diodes which areas 
changed in the range from 100 to 1400 mkm2. The con-
tact piece area in our case was equal to 300 mkm2. A 
αPbSb metal alloy was deposited by the method of elec-
tron beam evaporation from two sources. The αPbSb 
alloy has been chosen from those reasons that both com- 
ponents are widely applied in microelectronics, and the 
alloy is technological. A possibility of obtaining films of 
this alloy with amorphous structure was reported in paper 
[7]. The speeds of evaporation of components were cho-
sen so that the film structure corresponded to alloy 
Pb52Sb48 as in paper [7] it was informed that such alloy is 
inclined to amorphization. 

The thermoannealing of diodes was conducted at tem-
peratures from 323 K to 573 K during identical periods 
of t = 10 minutes 

The structure of a film of an alloy before and after an-

nealing was supervised by the radiographic analysis.  
In Table 1, characteristics of αPbSb-nSi SE sample 

before and after UIT are presented at various modes. It is 
obvious from Table 1 that after UIT-1 (WUIT = 0.55 
W/cm2, t = 200 min., fUIT = 25 MHz) the return current of 
the sample was increased by few times. The following 
stage of ultrasonic processing UIT-2 (WUIT = 0.15 W/cm2, 
t = 200 min., fUIT = 25 Mhz) has led to insignificant re-
duction of a return current. It, in our opinion, testifies the 
improvement of a defective condition of base SE. The 
subsequent stage of ultrasonic processing of sample 
UIT-3 (WUIT = 25 W/cm2, t = 90 minute, fUIT = 25 MHz) 
has one more time led to increase in a return current 
though after UIT with such power a breakdown of an SE 
or at least, increase of return current by few times was 
expected.  

3. Results and Their Discussion 

Figure 1 is presented current-voltage charachteristics for 
αPbSb-nSi ShD before and after annealing at 473 К. It is 
obvious from the schedule that after a thermoannealing at 
small direct voltages superfluous current appears. It is 
known that amorphous films of metals at certain tem-
peratures change structure and turn into a polycrystalline 
state [7]. Hence, it is possible to assume that occurrence 
of a superfluous current in ShD after annealing at tem-
perature of 473 K and above is connected with change of 
structure of a metal film of an alloy. Really, inspection of 
structure of Pb52Sb48 metal film on installation DRОН-2 
before and after annealing at temperature 573 showed 
that the film of metal turns from an amorphous or qua- 
siamorphous state into polycrystalline (Figure 2). As can 
be seen from the picture, the film of alloy Pb52Sb48 be- 
fore annealing has amorphous structure. Such conclusion 
is made on such basis that crystals have a strongly fea- 
tured series of maxima and minima, which indicates not 
only a correct arrangement of the nearest atoms, but also 
about existence of a distant order.  

Figure 3 is presented the voltage-current characteris- 
tics for αPbSb-nSi ShD, degraded artificially by means 
 
Table 1. Photo-electric parameters of αPbSb-nSi the sample 
before and after USP at R = 100 W/cm2 and Т = 300. 

condition of 
the sample

Parametres 
Before UIT 

After UIT 
−1 

After UIT 
−2 

After UIT 3

Iк.з,mA 27.60 23.87 24.56 21.00 

Uxx,v 0.517 0.500 0.501 0.483 

, % 9.182 7.691 8.092 6.540 

Iоб, A 9.4 × 10−6 4.5 × 10−5 4.2 × 10−5 1.3 × 10−4

A 2.25 2.60 2.58 2.78 
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Figure 2. The X-ray structural analysis of amorphous metal 
films αPbSb. 1-to, 1’-after a thermoannealing at 473 K. 
 
of a diamond hardometer PMT-3. The non-uniformity on 
border section BS was created artificially. The diamond 
needle of the adapter represents a correct quadrangular 
pyramid with a corner between opposite sides of 136˚. 
The area of the dislocated sections was varied by change 
of load value F (50 g) and quantities of violations N (1) 
before and after annealing at 473 К during some time: (1 
- 17 s, 2 - 65 s, 3 - 148 s, 4 - 260 s, 5 - 410 s, 6 - 580 s, 
Vrev = 0.20). Degrading properties of αPbSb-nSi ShD 
after thermoannealing at temperatures from 323 К to 573 
К were supervised by a method of removal current- 
voltage characteristics both in forward direction, and re- 
turn. 

For the quantitative characteristic of recovery of a su-
perfluous current under the influence of annealing, taking 
into account time, the following formula was applied: 

t H
t

o H

I I

I I






 

where HI -current of a normal (intact) diodes Shottki,  

oI  Diodes directly after influence if identer ( 0t  ), 

tI  Damaged diodes, annealed during  sec, t

t  Characterises relative recovery of a superfluous 
current under the influence of a thermoannealing during 
period t.  
As is shown in Figuer 4, γt essentially depends both on 
Tann, and t. Value γt at various values of temperature of 
annealing and depending on t of annealing changes in an 
interval 0 t 1  . From this it is seen that, first, the 
milestone of process of an annealing occurs for short 
initial periods, secondly, the milestone of process of an-
nealing “cures” (restores properties) the damaged diodes. 
Current-voltage characteristic of αPbSb-nSi ShD is very 
sensitive to the time of annealing. Eventually, even at 
room temperature, level of a superfluous current decrease, 
i.e. “the wound” put by mechanical damage kind of heals. 
Recovery process occurs the faster, the higher the an-
nealing temperature is. It is obvious from the figures, that 
certain level of annealing is reached at various parame-
ters of annealing: annealing level γt = 0.1 at Tann = 473 K 
is reached during t = 200 second, and at Tann = 523 K 
during t = 9 second.   

In Table 1, the photo-electric parameters determined 

 

Figure 3. Current-voltage characteristic of αPbSb-nSi ShD 
in normal, artificial degraded and annealed conditions. 
IH-Normal (intact) diodes Shottki, Io-diodes directly after 
the influence of identer (t = 0), (V = 0.20 v) 
 

 

Figure 4. A relation of γt from annealing time at various 
values of temperature of annealing, 1—473 K; 2—498 K; 
3—523 K; 4—548 K; 5—573 K. 
 
from the above described experiments are presented: Is.c.- 

short circuits, Uх.х-open-circuit voltage, η-efficiency, 
Iret-a return current, А—dimensionless factor of the sam-
ple. In the table are represented values of these parame-
ters after each stage of ultrasonic processing of the sam-
ple. Such built of the table allows to track on what value 
photo-electric parametres will change with supply on the 
sample of an ultrasonic wave with stringently set power, 
frequency and during set time. In investigated silicon SE, 
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there is effective absorption of UIT in the places con- 
taining imperfections of a crystal lattice. The last repre- 
sent dot defects and their complexes, and also claster 
formations and dispositions. As a result, there is a pro- 
cess of reorganisation of dot defects and their complexes 
possible.  

4. Conclusions 

Thus, it is possible to conclude that the superfluous cur- 
rent passes through mechanically dislocated areas of 
contact piece, and the reason of its occurrence is con- 
nected with violation of BS. It once again proves that 
occurrence of a superfluous current for αPbSb-nSi ShD 
near temperature of crystallization of an amorphous 
metal alloy is connected with the change of structure of 
an amorphous film of metal at transition into a polycrys-
talline state. From the received results it is obvious that 
change of parameters of annealing occurs for short initial 
periods, and the milestone of the process of annealing 
“cures” the damaged diodes. Certain level of annealing is 
reached at various parameters of annealing, annealing 
level of γt = 0.1 at Tann = 473 K is reached during t = 200 
second, and at Tann = 523 K during t = 9 second   

The results of conducted experiments show that UIT 
influences the character and degree of changes of the 
photoelectric and electrophysical properties of SE. 
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