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Previously, we observed a phenomenon [1, 2]
whereby an electric voltage appeared on a sample uni-
formly heated in the absence of external temperature
gradients. This phenomenon was observed in single
crystals of samarium sulfide (SmS) at temperatures
within 400–500 K. The electric voltage appeared due to
a gradient of the concentration of samarium ions occur-
ring outside the regular lattice sites of the NaCl-type
crystal lattice of this compound. These ions could be
present in the samples in excess of the stoichiometric
composition. As is known SmS has a region of homo-
geneity extending up to 4 at % excess of Sm, which cor-
responds to a boundary composition of Sm

 

1.17

 

S. The
gradient of a local concentration of excess Sm

 

2+

 

 ions
must be directed along the axis connecting electrodes
on which the voltage is measured. The corresponding
electric field strength 

 

E

 

 can be determined from the fol-
lowing relation [3]: 

(1)

where 

 

N

 

i

 

 is the concentration of excess (defect) samar-
ium ions and 

 

K

 

 is the proportionality factor, which
depends in a complicated manner on the material
parameters and the sample temperature. 

Thus, in order to obtain the maximum electric volt-
age, it is necessary to ensure the maximum gradient of
samarium concentration (grad

 

N

 

i

 

) in the sample. We
have realized this situation using a bilayer thin-film
sandwich structure involving Sm

 

x

 

S layers with substan-
tially different 

 

x 

 

values. 
Figure 1 shows a schematic diagram of the sand-

wich structure. First, a nickel layer was deposited by
resistive evaporation onto a polycor (Al

 

2

 

O

 

3

 

) substrate.
Then, a layer of Sm

 

1.1

 

S with a thickness of 0.26 

 

µ

 

m was
deposited onto nickel by means of explosive evapora-
tion. The same methods were used to deposit the sec-
ond SmS layer with a thickness of 0.2 

 

µ

 

m and the upper

E KgradNi,=

 

nickel electrode. All layers were deposited in vacuum at
a residual pressure of about 10

 

–5

 

 Torr. The thicknesses
of semiconductor layers were measured using a MII-4
microinterferometer. The compositions of these layers
were determined by X-ray diffraction on a DRON-4
diffractometer. The current leads were connected using
clamp contacts, one to the nickel layer on the polycor
substrate and the other to the nickel layer on SmS. 

In the course of experiments, the substrate was
placed on a massive copped plate, which was heated by
a resistive furnace. The temperature of the copper plate
and the substrate was measured with a copper–constan-
tan thermocouple, which was embedded in the plate so
that its junction also touched the substrate. The signals
from the current lead and the thermocouple, which
were fed via two analog-to-digital converter channels to
a computer, were monitored in the course of heating
and cooling of the sample sandwich structure. These
measurements were performed in vacuum at a residual
pressure of about 10

 

–2

 

 Torr. 

Figure 2 shows the results of measurements. An
electric voltage of about 1.1 V appeared when the sam-
ple temperature reached 

 

T

 

 = 428 K and vanished when
the sample was cooled to

 

 T 

 

= 360 K. There were sepa-
rate outbursts, in which the voltage amplitude reached
about 1.6 V. 
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—We report the first observation of a thermovoltaic effect in thin films of samarium sulfide (SmS).
According to this, a voltage of ~1.1 V appeared in a thin-film SmS-based sandwich structure heated to temper-
atures in the 360–428 K interval. 
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Fig. 1.

 

 Schematic diagram of a thin-film SmS-based sand-
wich structure: (

 

1

 

) polycor substrate; (

 

2

 

, 

 

5

 

) metal contacts;
(

 

3

 

) Sm

 

1.1

 

S layer; (

 

4

 

) SmS layer. 
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The temperature interval in which the signal is
observed approximately coincides with that for single
crystals, which is evidence that we are dealing with a
thermovoltaic effect. This conclusion is also confirmed
by a relatively high value of the signal. Indeed, taking

into account that the differential thermo emf for thin
SmS films amounts to ~50 

 

µ

 

V/K, one can infer that, in
order to obtain a voltage of about 1 V by means of the
usual thermoelecftric effect, it would be necessary to
provide an unreal temperature difference as large as 

 

∆

 

T

 

~ 2 

 

×

 

 10

 

4

 

 K. 
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Fig. 2.

 

 Dynamics of the response signal variation for the
thermovoltaic effect in a thin-film SmS-based sandwich
structure on heating and cooling. The arrows indicate the
ordinate axes corresponding to the voltage and temperature
curves. 
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