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Introduction

Using phototransistors (PHT) in different
optoelectronic devices and in order to get as low signal
distortions as possible, a great focus is made on
investigations of nonlinearities manifesting themselves in
PHT [1]. For analysis of nonlinear inertial systems with
variable parameters, differential equations representing
nonlinear, frequency and parametrical performances of the
system are applied [2]. These complex equations, however,
are solved by using digital methods that require highly
considerable computer resources and time, and are suitable
only in partial cases.

The aim of this paper is to evaluate nonlinearities of a
phototransistor, analyze their influence on signal
distortions, obtain general solutions appropriate for
engineering calculations when approximate methods are
used. From the latter, one of the most acceptable methods
is a technique when Volterra – Wiener functional series are
applied.

Model and Analysis Methodology

Using the method of Volterra – Wiener functional
series, a phototransistor as a nonlinear function is
composed of linear, square, cube, etc. systems connected
in parallel.

The first system is linear. If signal  tiIN is send to

PHT, an output signal of this system is the following:
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or a view is as follows:
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where p – complex variable,   0tiIN , when 0t .

An output signal of the square system is
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An output signal of the cube system is
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Only three harmonics will be evaluated as already
third harmonic in optical devices is very low. Then a full
output signal is equal to the sum of signals of a linear,
square and cube systems
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where  321 ,, KTh defines kernels of an appropriate

order of Volterra functional series.

If a phototransistor receives the following signal
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change in PHT mode is defined by analyzing a square
system [3]:
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where w2 – phase of the second harmonic.

Change in the first harmonic is figured out by
analyzing a cube system:
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where w3 – phase of the third harmonic.

In order to determine changes in an operation mode of
a phototransistor and distortions of the transferred signals
due to PHT nonlinearities, first of all they shall be
evaluated.

Analytic Solutions

Phototransistor nonlinearities and their influence on
dynamic parameters of the signals transferred will be
analyzed.

The main PHT nonlinearities that determine the
changes in a mode and the signal transferred are nonlinear
junction currents of an emitter and collector and their
nonlinear capacitances [4].

Fig. 1 presents an equivalent diagram of a
phototransistor.

Fig. 1. Equivalent diagram of a phototransistor

Junction current of a PHT emitter is the following:
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where eeI ,
0

– PHT parameters, eu – junction voltage.

After expanding (11) in a Taylor series, the following
is obtained:

3
3

2
210 eeeee uuuIi  , (12)

where
0eI – constant component.

,1 eG
0

/
2

1 2
2 ee IG , 0

23
3 /

6

1
ee IG . (13)

where eG – nonlinearity conductivity, eU – junction

voltage of an emitter.
Nonlinear generator current flowing through the

junction capacitance of an emitter is as follows:
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where eT v, – PHT physical parameters, T –

temperature potential.

Nonlinear generator current flowing through the

collector capacitance:
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where KU – junction voltage of a collector,
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where KV – constant.

Variable component of an output current is
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where 321 ,, LLL and 321 ,, DDD - coefficients dependent

on PHT parameters and frequency.
After evaluation of phototransistor nonlinearities for

respective units of an equivalent PHT diagram [2] kernels
of a linear, square and cube systems are calculated.

Kernels of a linear system will be referred to as

 pH T11 ,  pH T12 ,  pH T13 . They correspond to the

units of an equivalent PHT diagram and are figured out
from a matrix equation:
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where  pW - conductance matrix.
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where LR - load resistance.

After figuring out a linear kernel, a current output
may be calculated:

  INTOUT IpHI 13 . (21)

Two-dimensional kernels of PHT diagram units will

be marked respectively  2121 , ppH T ,  2122 , ppH T and

 2123 , ppH T , and obtained from the following equation:
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After figuring out two-dimensional kernel

 2123 , ppH T from equation (22), dependences of a

constant component of an output current in a frequency
range shall be established taking into account both the
parameters of an equivalent diagram and outer elements.

Then change in a constant component of a
phototransistor output current after figuring out a two-

dimensional kernel   jjH T ,23 , according to (9), is the

following:
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Thus, application of the method of Volterra – Wiener
series allows defining dependences of a phototransistor
output current on the input signal parameters and
evaluating the influence of parameters of a phototransistor
itself and outer elements on the distortion of the signals
transferred.

Similarly, change in the PHT first harmonic
depending on nonlinearities in a phototransistor is defined.
The first harmonic is observed at the output of linear and

cube systems. In order to establish the first harmonic at the
output of a cube system, three-dimensional kernels shall be
calculated. A matrix equation that is used to figure out the
aforementioned kernels is the following:
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After calculating three-dimensional kernel

 32133 ,, pppH FT from (10), change output current first

harmonic or phototransistor may be calculated [3].
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Fig. 2 presents dependences change the first harmonic
output current of a phototransistor on magnitude and
frequency of an input signal.

Fig. 2. Dependences of change in the first harmonic of an output
current of a relative phototransistor on an input signal
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Conclusions

1. For investigating influence of a phototransistor as
an optical device on signal distortions due to PHT
nonlinearities, the method of Volterra – Wiener functional
series has been offered.

2. A phototransistor model has been introduced as
well as simulation of PHT nonlinearities having the main
influence on the quality of the transferred signals has been
carried out.

3. According to the provided equivalent diagram and
using the method of Volterra – Wiener series, kernels of
the respective linear, square and cube systems have been
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figured out. According to them, changes in an operation
mode of a phototransistor within a frequency range
influenced by an input signal have been defined taking into
account PHT parameters and outer elements.
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A phototransistor model taking into account the main nonlinearities is introduced. For defining influence of nonlinearities on signal
distortion, the method of Volterra – Wiener series has been offered. Simulation of phototransistor nonlinearities has been carried
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Представлена модель фототранзистора, учитывающая основные его нелинейности. Влияние этих нелинейностей в 
искажении передаваемых сигналов оцениваются применяя функциональных рядов Вольтера-Винера. Осуществлено 
моделирование нелинейностей фототранзистора, учитывая нелинейность емкостей и токов эммитерного и коллекторного 
переходов. Составлены системы уравнений в операционной форме для эквивалентной схемы фототранзистора и получены 
аналитические выражения для вычисления соответствующих рядов. Представлены зависимости первой гармоники выходного 
сигнала от величины частоты возбуждающего сигнала. Ил. 2, библ. 4 (на английском языке; рефераты на английском, русском 
и литовском яз.).
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Pateiktas fototranzistoriaus modelis, sudarytas atsižvelgiant į pagrindinius netiesiškumus. Jų įtakai signalų iškraipymams įvertinti
pasiūlytas Volterio ir Vinerio eilučių metodas. Atliktas fototranzistoriaus netiesiškumų modeliavimas, įvertinus emiterio ir kolektoriaus
sandūrų srovių ir jų talpų netiesiškumus. Sudarytos lygčių sistemos operacine forma fototranzistoriaus ekvivalentinei schemai ir gautos
analitinės išraiškos funkcinių eilučių branduoliams skaičiuoti. Pateiktos ir pirmos harmonikos išėjimo srovės pokyčių priklausomybės
nuo įėjimo signalo parametrų. Il. 2., bibl. 4 (anglų kalba; santraukos anglų, rusų ir lietuvių k.).
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