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Abstract. In this work a method of measuring the temperature of photocells is considered. A series of works 
are analyzed in which noted that temperature fluctuations of environment and photocell significantly affect 
output characteristics of photovoltaic cells. Temperature measurements are used in maximum power point 
tracking algorithms, for calculating the thermal coefficients of photocells. The described method uses yt-
trium iron garnet crystal placed in a constant magnetic field and magnetized to saturation as a sensing 
element of the device. To measure the temperature change the polarization plane rotation angle of trans-
mitted light in the crystal dependence on temperature is used. 
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I.  INTRODUCTION 

The sun as an energy source is increasingly at-
tracting researchers and specialists of the energy 
field. New photovoltaic devices – solar cells are 
created, allowing converting solar energy into elec-
tricity more efficiently. The increasing popularity of 
solar radiation as a source of energy is explained by 
the fact that it is absolutely safe, inexhaustible and 
generally available. Ultimate theoretical efficiency of 
solar cells taking into account only thermodynamic 
losses can be 85 %. For real systems the values of 
efficiency can reach 45 – 55 % [1], [2].  

An important factor affecting the efficiency of 
energy conversion is the temperature of both the solar 
cell and the environment. 

II.  ANALYSIS OF LITERATURE 

There are number of works devoted to the maxi-
mum power point tracking of the photovoltaic system 
on the basis of temperature measurements [3] – [5]. 
Maximum power point is the point on the cur-
rent-voltage characteristic of a photovoltaic cell, in 
which maximum power receiving is possible with 
continuous voltage regulation. To create a tracking 
algorithm authors of [5] proposed to use the LM35 
temperature sensor for measuring the surface tem-
perature of the photovoltaic cell. Based on the re-
ceived data optimum voltage which is to be applied in 
this system is calculated. It is noted that the proposed 
method is not costly, may be implemented in analog 
or digital form and also involves continuous moni-
toring of temperature changes. Thus even if a sudden 
temperature jump occurs, operating voltage is ad-
justed to achieve the maximum power point. 

A large number of studies devoted to the problem 
of photovoltaic cells efficiency change depending on 
temperature, in particular, determination of the tem-
perature coefficients [6], [7]. These coefficients 
contain information about the nature of the change of 
photoelectric cell various parameters depending on 
temperature, including voltage, current and power. 

Temperature data measured with high accuracy is 
needed to obtain the temperature coefficients, which 
in turn make it possible to determine the characteris-
tics of solar cells, regulate their parameters during 
designing for maximum efficiency in the current 
operating conditions. 

III.  STATEMENT OF THE PROBLEM 

Literature analysis showed that to investigate the 
energy characteristics of photovoltaic cells is impor-
tant to increase the accuracy of temperature change 
measurement. For this purpose, in this work is pro-
posed to use the method and device described in [8], 
[9]. 

VI.  RESEARCH METHODOLOGY 

To measure (fix) the temperature change the au-
thors of [8], [9] are proposed to use yttrium iron 
garnet crystal (Y3Fe5O12) placed in a constant mag-
netic field and magnetized to saturation as a sensitive 
element. This type of crystals is widely used in ra-
diotechnics as a magnetic material. After discovering 
of their transparency in the infrared they have found 
application in radiooptics. For fixing the temperature 
change the polarization plane rotation angle of the 
light that passed the crystal dependence on tempera-
ture is used [10]. Polarization plane rotation angle is 
registered by photopolarimeter with Faraday mod-
ulator (Fig. 1). The Faraday modulator is a placed in a 
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magnetic field closed magnetic circuit in which ad-
ditional rotation of the polarization plane takes place 
when light passes through it.  

Parameters of the photopolarimeter were calcu-
lated using Stokes vector and Mueller matrices me-
thod [11]. Intensity of a light beam at the output of the 
analyzer is determined by the equation: 
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where R and γ are the coefficients of light reflection 
and absorption of the modulator, respectively; z is the 
modulator thickness; I0 is the intensity of light at the 
polarizer input; k1 and k2 are the principal transmit-
tance values of polarization prisms; P is the polari-
zation degree of the light which passed the photopo-
larimeter; Δ is the unbalancing angle of the photo-
polarimeter (the sensitivity); θ is the angular ampli-
tude of the polarization plane oscillations, changing 
according to the periodic law:  ;0 t where 
 t  is an arbitrary periodic function, which changes 

in time with the frequency ω. 

Measurement error of the polarization plane rota-
tion angle determined by the sensitivity of photopo-
larimeter which in turn is connected with a sig-
nal-to-noise ratio at the output of the photodetector: 

 

 










2cos1

2sin4

2
21

2

22
22

2122

2

P
kkA

U
PkkA

UU
U

N
S

TSHT

S , 

where US, UT and USH are the voltages created by the 
signal, the thermal and shot noises, respectively; A 
and A’ are the constants depending on the properties 
of the photodetector. 

Rectangular shaped control signals are supplied to 
modulator, because in this case the polarization de-
gree of light P in modulator is maximal during period 
of modulation [13]. 

Angular amplitude of the polarization plane os-
cillations is selected optimum, i.e. at which the sig-
nal-to-noise ratio at the output of the photodetector is 
maximal [13]. 

More detailed operation of the photopolarimeter is 
described in [11 – 13].

 
Fig. 1. A block diagram of the device for temperature change measurement: 

1 is source of light; 2 is filter; 3 is diaphragm; 4 is polarizer; 5 is sensing element; 6, 7 are Faraday modulator; 8 is ana-
lyzer; 9 is photodetector; 10 is amplifier; 11 is sound generator; 12 is synchronous detector; 13 is ammeter (indicator)

Operation of the described device is following. 
Light from the light source 1 passes successively 
filter 2, diaphragm 3, polarizer 4, the sensing element 
5, the Faraday modulator 6 and the analyzer 8, enters 
the photodetector 9, wherein the optical radiation is 
converted into an electric signal. This signal is am-
plified by narrow band amplifier 10, passes the syn-
chronous detector 12 to increase the sensitivity and 
enters the indicator 13. Optical system is 
pre-configured to the moment when the signal at the 
output of the photodetector disappears. Under the 
influence of temperature on the sensing element 5 
system balance brakes and at the photodetector 9 

output the signal begins to register. This signal is the 
result of polarization plane rotation of optical radia-
tion to an angle which value is associated with the 
value of the temperature change [14]. The tempera-
ture change is found by equation: 
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where Δφ is the polarization plane rotation angle; ε is 
the dielectric permittivity; γ here, is the gyromagnetic 
ratio; IS is the saturation magnetization. 
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From the work [12] follows that the measurement 
accuracy of the polarization plane rotation angle of 
light by used photopolarimeter is 0.0005 angular 
degrees. Based on this, in [8] potential accuracy of 
the described temperature change fixing method was 
calculated, which amounted to a few thousandths of a 
degree Celsius. The authors noted that the actual 
accuracy of temperature change fixing will be several 
orders lower due to fluctuations in the ambient tem-
perature. 

V.  CONCLUSION 

The described method allows fixing temperature 
changes with high accuracy. Its usage will increase 
the efficiency of maximum power point tracking 
algorithms and will also promote to a more accurate 
determination of the temperature coefficients. In 
general, the use of this method of temperature change 
fixing would increase the efficiency of solar photo-
voltaic cells. 

Another advantage of this method is that the 
output electrical signal of the measuring device, 
which carries information about the temperature 
change may be amplified, converted, can be used in 
digital processing. It will allow to automate the 
process of temperature change fixing and, conse-
quently, the calculation of the photocells temperature 
coefficients. 
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М. М. Асанов, М. Ю Заліський. Вимірювання температури поверхні фотоелектричних елементів 
Розглянуто спосіб вимірювання температури фотоелементів. Розглянуто ряд робіт, в яких зазначено, що коли-
вання температури, як навколишнього середовища, так і самих фотоелементів суттєво впливають на їх вихідні 
характеристики. Температурні вимірювання використовуються в алгоритмах пошуку точки максимальної по-
тужності, для отримання, так званих, температурних коефіцієнтів. Описаний метод передбачає застосування 
кристала фериту-граната ітрію, поміщеного у постійне магнітне поле і намагніченого до насичення у якості 
чутливого елемента пристрою. Для вимірювання зміни температури використовується залежність кута повороту 
площини поляризації світла, що проходить крізь кристал, від температури. 
Ключові слова: фотоелектричні елементи; вимірювання температури; ферити; фотополяриметр. 
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М. М. Асанов, М. Ю. Залисский. Измерение температуры поверхности фотоэлектрических элементов 
Рассмотрен способ измерения температуры фотоэлементов. Рассмотрено ряд работ, в которых отмечено, что 
колебания температуры, как окружающей среды, так и самих фотоэлементов существенно влияют на их вы-
ходные характеристики. Температурные измерения используются в алгоритмах поиска точки максимальной 
мощности, для получения, так называемых, температурных коэффициентов. Описанный метод предполагает 
применение кристалла феррита-граната иттрия, помещенного в постоянное магнитное поле и намагниченного до 
насыщения в качестве чувствительного элемента устройства. Для измерения изменения температуры использу-
ется зависимость угла поворота плоскости поляризации проходящего света в кристалле от температуры. 
Ключевые слова: фотоэлектрические элементы; измерение температуры; ферриты; фотополяриметр. 
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