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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 anaysis 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 signa
distortions, obtain general solutions appropriate for
engineering calculations when approximate methods are
used. From the latter, one of the most acceptable methods
is atechnique when Volterra— Wiener functional seriesare

applied.
Model and Analysis M ethodology

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

The first system is linear. If signal 1,y (t) is send to
PHT, an output signal of this system is the following:

t t

iUt (t) = [hur (t = o)ijn (v )obtg = [ Py (o iy (€ — 74 )y (1)

0 0

or aview isasfollows:

16ut (p)=Har (p)Iin(P): 2

where p — complex variable, i)y (t)=0, when t <0.
An output signal of the square system is

19

iGuT (t)= HhZT(t Tt Tz)Hl'lN( j Jokj =
=Hh2FT(Tlez)Hi|N(t—Ti)dfi (©)
00 =
or
180T (P1. p2)=Hor (i, pz)thN(pu) (4)
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,
sguare and cube systems

o
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where hyr(t1,75,13) defines kernels of an appropriate
order of Volterrafunctional series.
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If a phototransistor receives the following signal

i|N(t)= I|N CO#W[-F(F))Z%“N(ej(WH'(P) (Wt+¢')) (8)

change in PHT mode is defined by analyzing a square
system [3]:
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where ¢,,, — phase of the second harmonic.

Change in the first harmonic is figured out by
analyzing a cube system:
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where o5, — 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 shal 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 equivaent diagram of a
phototransistor.
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Fig. 1. Equivaent diagram of a phototransistor
Junction current of a PHT emitter is the following:
ie=lg, (explyetie)—1), (11)

where ley Ve —PHT parameters, ug — junction voltage.

After expanding (11) in a Taylor series, the following
is obtained:
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i = l gy + Mg +AoU2 +A3ug, (12)

where |, —constant component.
1.2 1.3,2
M=Ga, Ar==GZ/llg. , A3==G5/lI . (13
1=Ce 22=7Ce/lgy s h3=Cell%e (13)

where G,— nonlinearity conductivity, U — junction

voltage of an emitter.
Nonlinear generator current flowing through the
junction capacitance of an emitter isasfollows:

ic, =By dug/dt+Bpdu2/dt+Bgdud/dt, (14)
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where t,7,Ve — PHT physical parameters, o7 -—
temperature potential.

Nonlinear generator current flowing through the
collector capacitance:

ic, =7v1du/dt+yodud /dt+ygdul /dt,  (16)
where U —junction voltage of a collector,
L, 8 , T
11=VkU3, YZZEVKUK3' YSZEVKUK3 17

where Vi — constant.

Variable component of an output current is
ik =(Ly— pDy)ug + (Lo — pD )G + (L — pD3 3, (18)

where Ly, L,,L3 and Dy,D,, D3 - coefficients dependent
on PHT parameters and frequency.

After evaluation of phototransistor nonlinearities for
respective units of an equivalent PHT diagram [2] kernels
of alinear, square and cube systems are calcul ated.

Kernels of a linear system will be referred to as

Hyr(p), Hyor(p), Hygr(p). They correspond to the

units of an equivalent PHT diagram and are figured out
from a matrix equation:
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where W(p) - conductance matrix.
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where R, - load resistance.

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

lout = Hiar(p)In - (21)

Two-dimensional kernels of PHT diagram units will
be marked respectively H 5. (pr, p2), H oor (P1, P2) and
H 5zr (P, P2), and obtained from the following equation:
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After kernel

H g (P, p2) 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 H o1 (jo,— jo), according to (9), isthe
following:

figuring out two-dimensional

1 . .
Alout, =§|I2N Hogr (jo—jo) (23)

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 kernelsis the following:

Har (P P20 P3)
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Hasr (P P20 )
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After caculating  three-dimensional kernel
Haser (Pr, P2, P3) from (10), change output current first

harmonic or phototransistor may be calculated [3].
3.3 o
Algy :z|IN|H33r(JcO,JOJ,—Jm]. (25)

Fig. 2 presents dependences change the first harmonic
output current of a phototransistor on magnitude and
frequency of an input signal.
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Fig. 2. Dependences of change in the first harmonic of an output
current of arelative phototransistor on an input signal

(01 =0lor,, oz =02507,, o3=0507,,
—IeO=]mA, =5mA, ~~~I60=10mA)
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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distortion, the method of Volterra — Wiener series has been offered. Simulation of phototransistor nonlinearities has been carried
out considering nonlinearities of junction currents of an emitter and collector and their capacitances. Operational equation systems for an
equivalent diagram of a phototransistor have been composed and analytic calculation expressions of functional series kernels have been
obtained. Dependences of changes in constant components and in afirst harmonic output current on input signal parameters have been
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IIpencraBiena Mozens (OTOTPAH3UCTOPA, YUMTHIBAIONIAS OCHOBHBIE €r0 HEIMHEHHOCTH. BimsHME STHX HeNMHEHHOCTEH B
HCKaXEHHH IEPeaBacMbIX CHTHAIOB OIIEHMBAIOTCS IIPUMEHsS (YHKIHOHANBHBIX psAnoB Bomberepa-Buaepa. OcymectsieHo
MOJENUPOBAaHNE HEIMHEHHOCTEH (OTOTPAaH3UCTOPA, YUUTHIBAS HEIMHEWHOCTh €MKOCTEH M TOKOB SMMHTEPHOTO M KOJUIEKTOPHOTO
nepexonoB. CocTaBlIeHbl CUCTEMBbl YPaBHEHUH B ONEPaLIOHHONW (opme s SKBUBAIEHTHOW CXeMbl (JOTOTPAH3UCTOPA M IOJIYHEHBI
AQHAIUTUYECKHUE BBIPAXKEHUS ISl BBIYUCIIEHHUS COOTBETCTBYIOIMX PsA0B. IIpecTaBieHsl 3aBUCHMOCTH TI€PBOH FAPMOHUKH BBIXOJIHOTO
CHTHAJIa OT BEIMYUHBI YaCTOTHI BO30YXkJaromiero curuaia. M. 2, 6ubn. 4 (Ha aHrInMiickoM si3bIke; pedepaThl Ha aHTTIMHCKOM, PYCCKOM
1 JIATOBCKOM $I3.).

J. Anilioniené. Fototranzistoriy netiesiskumy tyrimas // Elektronika ir elektrotechnika. — Kaunas. Technologija, 2008. — Nr.
7(87). — P. 19-22.

Pateiktas fototranzistoriaus modelis, sudarytas atsizvelgiant i pagrindinius netiesiskumus. Jy itakai signay iskraipymams jvertinti
pasitilytas Volterio ir Vinerio eiluciy metodas. Atliktas fototranzistoriaus netiesiskumuy modeliavimas, jvertinus emiterio ir kolektoriaus
sandiry sroviy ir ju talpu netiesiskumus. Sudarytos lygciy sistemos operacine forma fototranzistoriaus ekvivalentinei schemai ir gautos
analitines israiskos funkciniy eiluciy branduoliams skaiciuoti. Pateiktos ir pirmos harmonikos is¢jimo srovés pokyciy priklausomybés
nuo i¢jimo signalo parametry. I1. 2., bibl. 4 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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