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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 i, (t ) is send to
PHT, an output signal of this system is the following?

t t
bur ()= [mr(t = iy (0)dny = [ g (r)igy (6 =) )y (1)
0 0

or a view is as follows:

1hur(p)=Hir(p)I1v(p);

where p — complex variable, ijy (z)=0, when £ <0.
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An output signal of the square system is
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tt 2
ibur(t)= [[hor (=t =) Ty (x, ), =
00 i=1

tt 2
= IIhZFT(TlsTZ)l_[liIN(t_Ti)dTi 3)
00 i=
or
2
1501 (P, p2) = Har (o1 22 )T v (p;) - 4
i=
An output signal of the cube system is
KB ttrt 3
iburO)=[[[msre =1t =gt =) Tipy (3, )t =
000 i=1
ttt KB 3
= [ (t1, 02,03 iy (-1, ), Q)
000 i=1
or

3
1507 (p1, P2y p3) = Har(p1s 2o 03 1 (). (6)

i=

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

lour (t) = Z

k=1

trt 3
IIIhKT(r!’TZ’T3)HilN(t_T,)dT, , (D
000 i=1

where hKT('cl,rz,t3) defines kernels of an appropriate
order of Volterra functional series.

If a phototransistor receives the following signal

iny(e)= 1y cos(we + ) = %IIN (ej(w’“p) + e_j(w”(p)), ®)

change in PHT mode is defined by analyzing a square
system [3]:



. 1 ) )
i50r(t)= 51 Iv Re(Ho p (jw,~ jw)) +

+ %IIZN|H2T (jws jw) -cos(2wt + @y, ), 9

where @,,, — phase of the second harmonic.

Change in the first harmonic is figured out by
analyzing a cube system:

. 3 L
lng}T(t)z ZI?N|H3T(JW’ JW’—JWXCOS(Wt + (Pw)+

+%I?N|H3T(jw, jW, ]Wl COS(3Wt +(P3W), (10)

where @3,, — 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.
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Fig. 1. Equivalent diagram of a phototransistor

Junction current of a PHT emitter is the following:

I = Ieo (exp(Yeue)‘ 1), (1n

where I, .y, — PHT parameters, u, — junction voltage.

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

ie = 190 + ?»lue + kzug + )\.31,43 ,

(12)

where [, — constant component.

1 1
A =G,, x2=5G3/180, x3=gc;3/1280. (13)
where G, - nonlinearity conductivity, U, — junction

voltage of an emitter.
Nonlinear generator current flowing through the
junction capacitance of an emitter is as follows:

io, =By du, [t + By du? [dr +Bydul [dr, (14)

T G 1
B =2 yv(p, -U)z,
-2y -0)

r G} 1 3
1B, =—21"c v, -U)z, (15
2551 ]eo o 4 (¢T )
3
TG 1 3
= _tarTe (o ~U)3,
h=sh Pop, 8 (o, =)

where 714,7,v, — PHT physical parameters, ¢r -

temperature potential.

Nonlinear generator current flowing through the
collector capacitance:

ic, =v1duy fdt +yydu} [dt +yyduk [, (16)
where Uy — junction voltage of a collector,
L | _4 ) 7
n=VkUg’, 12 ='6'VKUK3 NRE =§7VKUK3 an

where Vg — constant.

Variable component of an output current is

ix =(Ly = pD )y +(Ly — pDy Jug +(Ls ~pD3)u}, (18)

where L;,L,,L3 and D;,D,,D; - 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

H”T(p), ler(p), H13T(p). They correspond to the

units of an equivalent PHT diagram and are figured out
from a matrix equation:



Hyyr(p)
Hior(p) =77 (p)
Hys7(p)

(19)

where W(p) - conductance matrix.

L 0

)
+NM+L+n+B-D)p )

1
Nk | ,(20)
w(p)=|— —+L+n-D)p
'b n
0

+L+n-D)p) é+i+z«+(yl-q>p

R

where R; - load resistance.

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

lour =Hysr(p) Iy - 2n

Two-dimensional kernels of PHT diagram units will
be marked respectively H 217-(p] , pz), Hyr (pl, pz) and

Hyspr ( DP1>D2 ), and obtained from the following equation:

HZIT(pl’pZ)
szr(plspz) :W_I(Pnpz)x

szr(.pl’pz)

0
(Lz _Dz(pl +Pz)+7’2(P| +Pz))'l_zI(Hlsr(Pi)'ler(pi))"
x = L (22)

_(ﬂ'z +ﬂz(p| +p2))'leH|zr(pf)
L=Dy(p+ 2)+ 7a(py+ ) T ()= Hir (0)

After two-dimensional  kernel

H23T(p1, pz) from equation (22), dependences of a

figuring  out

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 ,3 ( jo,— j0)), according to (9), is the
following:

1.2 L
Aloyr, =§1]NH23T(J(D’_J(D) (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
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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:

H}lT(p]’pZ’pJ)
Her(pio P2 p3) | = W™ p, + py + p;)x
Hyp (Pp P2 p})

0
(L= Do+ po+ p)+ 1pi+ ot ) TT (Ko ()= Ki ()= | 29
-(4+B(p+ P+ pi))- U KIZT(pi)
L-Dy(p + P+ p)+ 7P+ P+ py) H (Kixr(p)- Km(Pi))
After  calculating  three-dimensional  kernel

H33rr(p1s pas p3) from (10), change output current first
harmonic or phototransistor may be calculated [3].

3 L. .
Alr, 1 1 ?N|H 3ar (o, jo,—jo). (25)

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

1 0 O O O
/ P [ B 0)2
PPty -~
ST P o ©2
1 p Rty 47 /(D
_ Ry N 3
10 7 PR —
,._.' // ot ’—’0)3
/ YK P2 ...- PEE W3
R K Y I
102 e Arle A e
/) / s
AR AR
3 .-//
10~ ‘- >
0 0,2 0,4 0,6 0,8 1,0 o7

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

(0)1 = O,I(DTO , Wp = 0,250)T0 , 03 = 0,50)]“0 .
— Loy =lmA, —=1I, =5md, -1, =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



figured out. According to them, changes in an operation 2. Proakis J. G. Digital Communications. 4th ed. — McGraw-
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IpencraBneHa Monenb (OTOTPaH3UCTOpA, YUMTHIBAIOLIAS OCHOBHBIE €r0 HENWHEWHOCTH. BiusHHe 3THX HeluHeHOCTed B
WUCKOXEGHUM TMEPENaBaCMbIX CHUTHAJIOB OLICHHUBAIOTCA TpUMEHss (QYHKUMOHAIBbHBIX psanoB Bonsrepa-Bunepa. OcyuiectsieHo
MOZENUPOBaHHE HENTWHEHHOCTeH (OoTOTpaH3UCTOPA, YYHUTHIBAsS HETWHEHHOCTh EMKOCTEH M TOKOB 3MMHUTEPHOTO M KOJIIEKTOPHOTO
nepexonoB. CocTaBlieHbl CUCTEMBI yPaBHEHHI B ONMEpalMOHHON ¢opMe Ans IKBUBAICHTHOH cXeMbl OTOTpaH3UCTOpa M MONYYEHBI
aHAJTUTHYECKUE BBIPAKEHHS IS BHIYMCIIEHHS! COOTBETCTBYIOILMX PsnoB. [IpeacTaBieHsl 3aBUCHMOCTH NEPBOH FAPMOHUKH BBIXOAHOTO
CHTHa/la OT BEJUWYHHBI 4aCTOThl BO30yxaatowero curnana. M. 2, 6u6a. 4 (Ha aHrnuiickoM si3bike; pedepaThl Ha aHTIMIACKOM, pyCCKOM
W JTATOBCKOM $13.).

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

Pateiktas fototranzistoriaus modelis, sudarytas atsiZvelgiant | pagrindinius netiesiskumus. Jy jtakai signaly iskraipymams jvertinti
pasiiilytas Volterio ir Vinerio eilu¢iy metodas. Atliktas fototranzistoriaus netiesiSkumy modeliavimas, jvertinus emiterio ir kolektoriaus
sandiry sroviy ir jy talpy netiesiS$kumus. Sudarytos lyg€iy sistemos operacine forma fototranzistoriaus ekvivalentinei schemai ir gautos
analitinés iSraiSkos funkciniy eilu¢iy branduoliams skaiCiuoti. Pateiktos ir pirmos harmonikos i$¢jimo srovés pokyc¢iy priklausomybeés
nuo jéjimo signalo parametry. Il. 2., bibl. 4 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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