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OPTICAL FREQUENCY TRANSDUCER
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ELEMENT
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Background. A perspective trend in the development of optical radiation transducers is using of dependencies of reactive
properties of semiconductor transistor structures with negative resistance on optical radiation effect and creation of frequency
optical radiation transducers on the basis of these properties. Application of optical-frequency transformation enhances noise
stability, accuracy and enables to expand a measuring range, to obtain outputs higher than amplitude ones and to improve
metrological performances of the transducers. Using frequency as an informative parameter allows excluding the analog-to-digital
transducers during information processing, and reducing the cost of monitoring and control systems. The principle of “optical
power! Ifrequency” transformation can be implemented using semiconductor structure containing self-sustained oscillator and
photoresistor as a photosensitive element. Active inductance resolves the problem of low quality factor inherent in the passive
inductor. Furthermore, it overcomes compatibility issue of passive inductor's size with the integrated circuit's sizes and allows
completely making transducer as an integrated circuit. So, it is necessary to construct a mathematical model of the optical
frequency transducer to analyze its properties and to obtain the dependencies of active and reactive components of the impedance
of the semiconductor structure, the equation of sensitivity and the transfer function.

Objective. The aim of the paper is to determine the transfer function and equation of sensitivity for optical transducer with
an active inductive element by solving Kirchhoff’s system of equations composed for equivalent circuit of the transducer.

Methods. The determination of the transistor structure impedance was made by solving the Kirchhoff’s system of
equations, composed for equivalent circuit of frequency optical transducer. The characteristics describing dependencies of
reactive and active components of the oscillator’s impedance on optical power were obtained by computer simulation using the
MATLAB numerical computing environment.

Results. The mathematical model for description of the properties of frequency optical transducer with an active inductive
element was developed. The transform function and relative sensitivity analytical equations were estimated to describe the action
of transducer. The values of relative sensitivity are equal to 2 — 11.5 kHz/ pWt/cm®. Accuracy of developed mathematical model
is £5%.

Conclusions. The optical transducer with an active inductive element has a high sensitivity in the range of low values of
optical power. It makes possible to measure even low optical signals. Proposed model describes the dependence of the impedance
of the transistor structure — which is basic for the transducer — on power of optical radiation.

Keywords: optical transducers; frequency transducers; negative resistance; photoresistor.

Introduction creation frequency optical radiation transducers on the
basis of these properties.

An application of optical-frequency transformation
enhances noise stability, accuracy and enables to expand
a measuring range, obtain outputs higher than amplitude
ones and to improve metrological performances of the
transducers. [6,7].

Also, the employing of such devices makes possible
“smart” transducers as a result of the combination data
processing circuits and the primary sensor on a single
chip. Using frequency as an informative parameter
allows excluding the analog-to-digital transducers during
information processing, and reducing the cost of
monitoring and control systems. [8].

The principle of “optical power - frequency”
transformation can be implemented using semiconductor

At present, optical transducers are widely used as a
component of automated control systems for positioning,
calculating, sorting elements and performing other tasks
for any processing line. Application of optical
transducers allows controlling the distance, size, level,
color and degree of transparency. Optical non-contact
transducers are widely used in industry due to their high
reliability, resistance to external factors, long distances
operation [1-3].

A perspective trend in the development of optical
radiation transducers is use of dependencies of reactive
properties of semiconductor transistor structures with
negative resistance [4,5] on optical radiation effect and
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structure  containing  self-sustained oscillator and
photoresistor as a photosensitive element. The self-
sustained oscillator is a circuit consisting of the dual gate
MOS-transistors and a bipolar transistor. Bipolar
transistor with a phase-shift RC-circuit forms an active
inductive element in this structure. Active inductance
resolves the problem of low quality factor inherent in the
passive  inductor.  Furthermore, it  overcomes
compatibility issue of passive inductor's size and the
sizes of integrated circuit and allows making transducer
completely as an integrated circuit.

It is necessary to construct a mathematical model of
the optical frequency transducer to analyze its properties
and to obtain the dependencies of active and reactive
components of the impedance of the semiconductor
structure, the equation of sensitivity and the transfer
function.

The aim of the study is to determine the transfer
function and equation of sensitivity for optical transducer
with an active inductive element by solving Kirchhoff’s
equations composed for equivalent circuit of the
transducer [9].

Theoretical and Experimental Research

The circuit of frequency optical transducer based on
field-effect transistors with active inductive element and
photoresistor as a sensing elemglt is shown in Fig. 1.
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Fig. 1. Circuit of frequency optical transducer based on
MOSFET optical transducer with an active inductive element

There is an impedance, which active component has a
negative value, and reactive component - capacitive
character on electrodes between drain and source of
MOSFET transistors as a result of action of a positive
feedback. The circuit in Fig. 1 contains oscillator of
electric oscillations formed by the capacitive component
of the impedance on electrode drain-source of VT1 and
VT3 MOSFET transistors and inductive component of
the impedance on electrodes emitter-collector of bipolar
transistor VT4.

It needs to build passive inductor using film
technology to produce optical transducer as an integrated
circuit. However, this inductor has a low Q-factor and its

dimensions on the frequencies of 10°Hz are not
compatible  with  the dimensions of transducer
semiconductor chip [11]. Thereby, application of

inductive character of the impedance bipolar transistor
VT4 with a phase shift RC-circuit as an oscillator circuit
inductor was proposed to solve this problem. The shift
RC-circuit is based on the resistor R3 and capacitor C3.
The equivalent circuit for alternating current has been
made to determine an impedance of the oscillator (Fig.

Fig. 2. Equivalent AC circuit of optical transducer with an
active inductive element

The equivalent circuit of the frequency optical
transducer for alternating current, transformed into more
convenient for calculations, is presented in Fig. 3.
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Fig. 3. Transformed equivalent AC circuit of optical transducer
with an active inductive element
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The Kirchhoff’s system of equations for AC has been
obtained for the equivalent circuit shown in Fig. 3 (1):

Lo+ g1 == (N + Y5 + Y + 17 )+ Y5 + o3 + 9415,
Loao—Tpa1 = Lps1 =@ Ys o Vs + g + Yo )+ 513,
Loar—1g151 = O¥s + Yo —@3(Yg + Yo + Vg + 113 )+ +
4110+ P6h3,

0=0Y7 +03Y10 -4 Y7 + Yo+ N1 + Y2 )+ 0111 + 0300,
—1par—larsy =Yg — @s( Yy + Y4 + Y5+ Y6 )+ @elis +
+or1)s + g,

Lyzso = 313+ sy —@s( Mg + 13,
0=pn1+oshs—o(N + 15 +17)+ @b,

0= @shg+ Y17 —@( Yg + N7 +Yig + g )+ @19 + @rohg,
—Ipg2 = 14250 = Yo — (Yo +Yao +Yog +Yy3 )+

T @0Ya3 + P1ila0 + Prabog,

0= g5+ @o¥u3 = Pro( Yig + Yoo + Y3 )+ @131,

Lyas = @Yoo = @11 Yoo + Vo1 )+ @po1sy,

Lpar=1g151 = P10Y22 — P12( o3 + Yoy + Yog )+ 1304 +

+ 014123+ @ys5hg,

0= @Y + Yoy — i3 Yy + Yoo + Yoy +1os5 )+ @515,
—Ipsi =1 pa1+1pan = lag + Prolr3 =

=P Y3+ 197 + Vo8 )+ @57,

Lg1s1 + 1 ps1 = QYo + 913105 + PraXa7 -

015 o5+ 1o + Yo7 + Vog )+ P69,

0=@15Y29 = Pi6( a9 + Y30 + Y30 )+ Q17130 + 18Y31,
—Lyog =1 par = MY — (V3o + Y3 + Y33+ 137 )+

+ 01913 + 931137,

0=pi6Y31 + Q17133 = Pis( Y31 + 133 + 134 )+ 02413,

Linga = Mi7Ya0 = Pro( V31 + 133 + Yoy )+ 917130 + 0135,
Loar = 1g151 = PoYss — @ao( Y35+ Y36 + Yoo + Yy )+
+0Y36 + @20Y40 + P24¥sy,

Tpao =1 pa1 =1 pst = Q1737 + Prl36 —

=051 V36 + Y37 +Yag )+ 93,

T ps1 + 1g151 =UourY39 = @20Ya0 + 921Y38 -

—Pn( Vg + Y39+ Yo+ Y4 )+ 02a¥sr,

0=@4Y15 = Upu( Yy + Y3+ Y39 )+ 9oY39,

0=@1gY34 + P20Ya1 + P20Var = oy V3 + Vg + Vg1 + Yy ).

The conductivity of the circuit branches are defined

as:

lel/Z46; Y2:1/(ZI+22+229); Y3:1/(Z32+Z33);
Ya=lMZ1+Z34); Ys=243; Yo=1/Z44; Y7=245;
W=1/238; Yo=1/239; No=1/Z40; N1=1/241;
No=VZ24; N3=1/237; WNa=Z3¢; N5=1/235;
Ne=1/230; N7=1/2315 Yy=Zy; No9=1/Zs;
ho=1/2Zy; Y1=1/2Z1p; Yo=1/2Z11;Y3=1/213;
Y24 =l/Z4; Y25 =1/Z3; Y26=l/ZS; Y27 =1/Z6;

Y28 =l/Zl4; Y29 =l/Z7; Y30 =1/le; Y31=1/ZZ6;
3 =1/216; W3=1/2Zy1; W4=1/2y7; Y35=1/217;
Y36 =1/Z18; Y37 =1/Z8; Y38 =1/Zg; Y39 =1/Zg;

Y40 =1/Zlg; Y41 =1/Zz3; Y42 = 1/228; Y43 =1/222 .

In order to calculate the impedance it is necessary to
solve the Kirchhoff's system of equations for AC,
obtained for the equivalent circuit shown in Fig. 3, using
circuit node 0 as a basic.

The symbols used in the equivalent circuit (Fig. 3) are
defined as:

2
PR, . RyoCy Rl
T A 2500 0 727 el
Z3 = Ry A1+ &Ryt J( Cat ) )=

A pll 2, I 2 pll 2, A2
_]((Rglsl) wcglsl/(l"'w (Rglsl) (Cglsl) ))’

Zy= —j/(wcgﬁdl); Zs=Rjja s

Ze =R (140 (RY Pl P )-

R Pachy a1+ RY Pl P
Z=RY: Zy=—j/aChn);

Zo=Rh 1+ (RL P(Cly P )-

~J(RL Pachy a1+ @ RL PoChy Pk
Zyg=R:Zy=—j/ & Chigr): Zip=Riisa:
Z5= —j/(wC,',Idl); Zyy= —j/(Ct)C,I,Idz); Zi5=Ryy:
Zi6=Rinyi Zi7=Riisas Zig = —j/(“’CIIJdl); Zy9 = Ringi;
Zy0=Riy

1= Reaa (14 0 (Ren 2 P Cean ) )=

—j(( Rag2 @Cg0 N1+ &% Reng P( Copn ));
Zy = Ripa M+ 0 Ry P(Cirn )=

- j(( Rrsa P 0C i 1+ 0% (Ryhp (Chga ) ));

Zy3 =—j/(a)C£1d1); Zyy= gz 3 Zs :Rélz A :R£2 ;
Zyg =Rbg M1+ 0 (Rl (Chy )7 )-

- J'(( Reis1 ) @Cy10 (14 @*(Rgyyy J( Cgrt ) ));

Zyy =i MeoCh s ); Zog=— N6, )5 239 = RIE;
Zy = Ry3 Zyp=Ry;

Zy=Ry; Z, =—j/(@C,); Zsg = RIS 5

Zys =R M1+ (R 5 P(C 0 P )-

. ur 2 ul 2, plll 2, ~1 |2
_]((Rg252) Q)ngsz/(l-f-a) (Rg2s2) (Cg2s2) )),
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Zy =Rifls Zsg= —j/(a)C;Zz); Z3g = —J'/(WC%J;
Zy = _j/(a’céllldl); Zy ==/ Clyr );

Zyy =Ry N1+ (R P (Cph 1)

- j(( R Pacih A1+ X (R P(CH ));

Zp =Ryl s Za=Riflys Zig =R}’

Zys=RI 1+ (RU P(Cl P )-

~ ORI Ract 1+ G R, Pec P,

where

R, and R, - the resistances of resistors R, and R,

respectively, Ry - the photoresistor resistance Ry, Rél,

R 31,11, R - the bulk resistances of gates of VT1, VT2 and
VT3 transistors respectively; Ré Isl » Ré’m , Ré’fsl Ta

I n ml
Rg232 ’ Rg232 ’ Rg252

MOS transistors VT1, VT2 and VT3; R}, R,

i 1 I i 11 i
Rdlsl , R R RdlsZ s R Rd2s2 - the

Rl
dls2° "dl1s2? d2s2> Nq2s2>
resistances of drain-source MOS transistors VT1, VT2

and VT3; RY, RY | RI the bulk resistances of source

of MOS transistors VT1, VT2 and VT3; Réz’ Ri’z, RéIZI

- the bulk resistances of drain of MOS transistors VT1,

VT2 and VT3; RL, RE, R, RL,, RY, R the

bulk resistances of first and second gates of MOS

transistors VT1, VT2 Tta VT3; R{,, RII,I, R;,” - the
resistances of bodies of MOS transistors VT1, VT2 and

VT3; C; - the capacity of photoresistor R, ; R,, R, R,

- the bulk resistances of gate-source

- the resistances of emiter, collector and base of
transistor VT4 respectively; C,, - the capacity between

base terminal and collector terminal of bipolar transistor
VT4; C., C, - the capasities of a base—collector

junction and a base—emitter junction of bipolar transistor

: . 1 1 I 1 |
VT4 reSpeCthCly, Cglsl , Cglsl , Cglsl , Cg2s2 , ngsz ,

Cégsz " the capacities of gate-source of MOS transistors

VT1, VT2 and VT3; Cyiar, Cyigp»> Cytgy - the capacities
of gate-drain of MOS transistors VT1, VT2 and VT3;
Cgsl’ Cgsl’ Cll,lsl

MOS transistors VT1, VT2 and VT3; C ;} > Cll,ldl, C%I,

- the capacities of body-source of

C,ﬂdz, ngz , C[I,ZZ - the capacities body-drain of MOS

transistors VT1, VT2 and VT3; C£1g2, Céllgz, Célllgz -

the capacities between first and second gates MOS
transistors VT1, VI2 and VT3; C; C, and C; - the
capacities of capacitors C, , C, and Cj respectively.

The circuit in Fig. 4 was used to determine the
impedance of active inductive element Z; :

e H- OO
Zve | Zbc |
2] H_ 1 ¢

ui(a)

Fig. 4. Transformed equivalent AC circuit of the active
inductive element

The Kirchhoff’s system of equations for AC was built
to determine impedance of active inductive element:

Up=iA ~ipZ;3~isZy;
O0=—i1Z3+ir Ay +i3Z) + A3;
0=iyZ), +izAy +igZp, + As;
0=—i1Z,1 +i3Zp, +is4g,

2

where

A=Z3+Z,,

A2 =Ze +Zbe+ZC3 +Zb’
A3 =Zpe(Ipe —Ipe = It ),
A4 =Zbc +be +Zb’

As =Zp(Ipe —Ipe +17 )
Aﬁ =be+Zc +Zr1 .

Solving the system of equations (2) gives the current
relative impedance transistor equivalent inductance Z; :

AsAgZ 7 Z A
ZL=U1/(ﬂ+ 5A6Z3Zp _Zeafy
Ky BiK\Zp(Zpy = A4Ac/ Zp ) KBy
Z1As AsA¢ByZ), L

+ - :
Ki(Zpy—A4As /2y, ) BIK\Zpo( Zpy —AyAs /2y, ) BiKy
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where

By = Ay +Zj Ag /(Zy (24 - AsAg 1 Z3,),
By =2, 71 /(Z ~ A/ Zpy);

2
Ky =A =23/ B+ 2322, /(B Zy, )+

2

+Z3ZyZ1AyAg/ (Blsz( Zyy — AyAg/ Zyy ))+
+ Zr21A4 /(th( Zpy —AyA¢/ Zy, ))+ Z:3By/ B~
~Z,Z,1By /(Z By ).

The system of equations (1) was solved using Gauss’s
method in the software package MATLAB 8.1.

Calculated and experimental dependencies of active
and reactive component of the impedance on the optical
power are shown on Fig. 5 and Fig. 6, respectively.

The reactive component of the impedance has a
maximum value for supply voltage 4 V and decreases
with decreasing power of optical radiation.

RO0hm
11500 ;
R ; theor, | 1-U2= 4V
10500 N ‘ T eper 2 U2=5V
8500 S IR — == i
7500 |- AN
6500 P
K \’z-v_‘__—ﬁ—-_-_’-—'—-z """"
5500 - ki
R ' L
4500 Tar 5 o S e
3500 ;
0 20 40 60 80 100 120
P, pWit/sm’

Fig. 5. Theoretical and experimental dependenices of active
component of the impedance on power of optical radiation
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Fig. 6. Theoretical and experimental dependencies of reactive
component of the impedance on power of optical radiation

In order to determine the transfer functions, it is
necessary to obtain the dependence of oscillation

frequency on power of optical radiation by means of the
circuit reverse current in accordance Fig. 3 based on
Lyapunov stability theory [12]. The estimated transfer
function is expressed as

Pl Cpay R PICT P IC Cly ) 5

)

2Ly, CyC’ Ry (P)

pd2

where

Lgkv( C[/7d2 )2 + 2Leka]2" C1/7d2R]2‘( P)-
2l Cpar S CoRF(P)+ b,
Ay =R}(P)CF+2R}(P)CFChar +RE(PICH Chan ).

The sensitivity of the frequency transducer has been
calculated using equation (3)

sh= if[zkf(mcf( Rf(P)j
d

2Rf(P)cfc{,d2(m)Rf(P))+

1 ; of 0
+[2(4Lekva(P )cpdch(aPRf( P )] -

ekva(P)( de)ZCj( Rf(P)j
+4Rf(P)Cf( Rf(P)j+8Rf(P)Cf (PRf(P)J+

3 2( / )Zi
+4R}(P)CF\Chan aPRf(P) JE

1

/(\/ LonChanl By +\/§1)D—2‘/§X
WBZJF—\/E)( Ry(P )j / (LekaI/)dZC FRH(P )),

where

65

2 (s /22 / 2
B = Lekv(de2)z +2LekvcpdchRf(P)—ZLekv(dez)ZCfRf(P)+

+R}(P)Cf +2R}(P)C}C), 2+Rf(P)Cf(de2)2
By =- ekapd2+Rf(P)Cf+Rf(P)de2Cf

Dependencies of oscillation frequency on power of
optical radiation calculated by (3) and determined
experimentally for transducer are shown in Fig. 7.

The plots (Fig. 7) show that at increase of optical
radiation power from 0 up to 120 pWt/cm’ the generation
frequency decreases from 2440 kHz up to 2080 kHz.
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Fig. 7. Theoretical and experimental dependencies of the

oscillation frequency on the power of optical radiation

The theoretical values are consistent with better than
+ 5% with experimental data.

The dependence of the sensitivity of the optical
frequency transducer on power of optical radiation is
presented in Fig. 8.

S, kHz/pWt/sm?

12T 5 i T I A : :
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L3 X = 3-U2=6V
Tl i i Ul=4,5V
8 SRzt i !
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_____ e S YU B
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4
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0 10 20 30 40 50 60 70 8 90 100 110 120
P, uWt/sm’

Fig. 8. The sensitivity of the optical frequency transducer
based on dual-gate MOS field-effect transistors with an active
inductive element

As it can be seen (Fig. 8), the greatest sensitivity of
the device is within the range of power of optical
radiation from O up to 50 pWt/cm” and makes 6.2-11.6
kHz/ pWt/cm®. The greatest sensitivity matches the
optimum mode of supply 5 V.

Conclutions

The mathematical model of optical frequency
transducer with an active inductive element, based on
oscillator with MOS transistors, with photoresistor as the
sensing element was developed. The analytic expressions
for the transfer function and sensitivity equation have
been obtained using the mathematical model. Proposed
model describes the dependence of the impedance of the
transistor structure, — which is basic for the transducer —
on power of optical radiation. The transducer has a high
sensitivity in the range of low values of optical power. It

120
P, uWt/sm’

makes possible to measure even low optical signals.
Theoretical and experimental dependencies show that
relative sensitivity is equal to 2 — 11.5 kHz/pWt/cm’.
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Ocaoduyk O.B., Ocaouyk B.C., Ceneyvka O.0., Kpunux JI.B.

OnTnyHuii YacTOTHHII epeTBOPIOBaY HA 0cHOBI AB0o3aTBOpHNX MOH-Tpan3ucTOpiB 3 akTHBHAM
iIHIYKTHBHHM eJ1IeMEeHTOM

IMpo6nemaTuka. [lepcneKTUBHMM HAMPSAMKOM PO3BUTKY MEPETBOPIOBAYiB ONTHYHOTO BHUIPOMIHIOBAHHA €
BUKOPUCTAHHS 3aJIeXKHOCTI PEaKTUBHUX BJIACTUBOCTEI HAMiBIPOBIAHMKOBMX TPAH3UCTOPHUX CTPYKTYP 3 Bill’€MHMM ONOPOM
Bi/l BIUIMBY ONTHYHOTO BUIMPOMIHIOBAHHS Ta CTBOPEHHS YACTOTMX MEPETBOPIOBAYiB ONTUYHOTO BUIIPOMIHIOBAHHS Ha OCHOBI
LIMX BJIACTHBOCTEH. BMKOpPHUCTaHHSA ONMTHKO-YAaCTOTHOrO MPUHLMITY TEPETBOPEHHS MiJBMILYE 3aBaJOCTIHKICTh, TOUHICTb, Ha€
3MOTy OTpPHMMAaTH 3Ha4yHO OiNbIIi BUXiJHI CHUTHANM HDK JAlOTh aMIUITYAHI MEpPeTBOPIOBAuYi Ta MOKPAIIMTH METPOJOTivHi
MOKa3HUKK TepeTBOPIOBaviB. BukopuctaHHA yacTOTH SIK iH()OPMATUBHOTO MapameTpy BHUKJIIOYAE BUKOPMCTaHHA aHANOro-
(ppOBUX TEPEeTBOPIOBAYIB Mix yac 0OpoOKHM iH(opMalii, 0 TOHMWKYE COOIBAPTICTH CUCTEM KOHTPOJIO Ta YMpaBIiHHS.
[lepeTBOpEHHS!  «IOTYXKHICTb ~ ONTHYHOTO  BHUIPOMIHIOBAHHS 4YacTOTa» MOXIIMBO  peali3yBaTd 3a  JOMOMOTOH
HaMiBIPOBIAHUKOBOT CTPYKTYPH, IO MICTUTbh ABTOr€HEPATOPHUI MPUCTPil, peai3oBaHOro y BUIMIAAI CXEMH, IO CKIAaAeThCs
3 nmBo3atBopHUX MJIII-Tpan3ucTopiB i (oropesncTopa B SIKOCTI (HOTOUYTIMBOTO e€NeMEHTa. BUKOpPHCTaHHA aKTHBHOL
IHIyKTUBHOCTI B TaKill CTPYKTypi BHpilIye mpoOiieMy HHM3bKOi HOOPOTHOCTI MACWBHOI iHIYKTMBHOCTI Ta HeCyMicHOCTI 1i
pO3MipiB 3 po3Mipamu iHTErpaJbHUX MIiKPOCXEM i, BIiIMOBIJHO, 1a€ MOXJIUBICTh peaiizyBaTW ONTHYHHI MEPETBOPIOBAY Y
iHTerpanbHOMY BUKOHaHHI. J[Jisi BUBUGHHS BIAacTMBOCTEW YAaCTOTHOTO ONTHYHOTO TEPEeTBOPIOBaYa HEOOXiTHO pO3pOOUTH
MaTeMaTUYHy MOJellb, 32 JOTIOMOTO0 AKOT OTPMMYIOTH 3alleXHOCTI, aKTUBHOI Ta PEaKkTHBHOI CKJIaZOBUX MOBHOTO OMOpY
CTPYKTYpPH, UyTJIMBOCTI Ta YACTOTH TeHepaLii Bi/l MOTYKHOCTI ONITHYHOTO BUIPOMiHIOBaHHSI.

Meta pociaigkeHb. MeToro po60TH € BU3Ha4eHHS (YHKLIT MepeTBOPEHHsA Ta PiBHAHHA YyTJIMBOCTI MepeTBOpIOBaYa
LIITXOM PO3B’ 3Ky CUCTEMH PiBHAHB piBHAHB Kipxroda, ckianeHoi Ha OCHOBI f0T0 eKBiBaJ€HTHOT CXEMHU.

Metoauka peanizanii. ByzHaueHHsS OBHOTO OMOpPY TPAH3UCTOPHOI CTPYKTYPH TPOBOAMIIOCS IIISXOM PO3B’SI3yBaHHS
cuctemu piBHAHb Kipxroga, cknaneHol 1l eKBiBaIeHTHOT CXeMH YaCTOTHOTO ONTHUYHOTO MEPETBOPIOBaya. XapaKTepPUCTHKH,
0 OMUCYIOTH 3aJIE)KHOCTi PEaKTHBHOI Ta aKTHBHOI CKIagoBOi MOBHOTO ONOPY aBTOTE€HEPAaTOPHOTO TNEpeTBOPIOBAYa Bil
ONTHYHOT MOTYXHOCTi, OylM OTpUMaHi LUIIXOM KOMM'IOTEPHOrO MOJETIOBAHHSA 3a IONOMOIOK MaTeMaTHYHOTO MaKeTy
MATLAB 8.1.

PesyabTaTu pociaimkeHb. Po3pobiieHa MaTeMaTHyHa MOJENb HEoOXimHA Ui OMUCY BIACTUBOCTEH ONMTUYHOTO
YJaCTOTHOTO IMEpPEeTBOPIOBAaYa 3 AKTUBHUM iHIYKTUBHUM eleMeHTOM. Ha OCHOBiI Mozeni OTpMMaHO aHaNiTH4YHI BUpa3H IUis
(byHKUIT NepeTBOPeHHs Ta PiBHAHHA YyTJIMBOCTI. TeopeTHyHi Ta eKcHepHUMEHTalbHI 3aJeXHOCTI MOKa3aju, L0 YyTJIUBICTh
po3pobiieHoro onTu4HOro nepersoproBava 2 - 11,5 kI'ymkB1/cM2. TToxubka po3pobieHoi MaTeMaTUYHOT MOJENi CTAHOBUTD
+5%

BucHoBku. OnNTUYHUI MEPETBOPIOBAY 3 AKTUBHUM iHIYKTUBHUM €JIEMEHTOM MAa€ BHCOKY YYTJIMBICTh Y Aiamna3oHi
HU3bKUX 3Ha4€Hb ONTUYHOI MOTYXKHOCTI. Lle Tae MOXJIMBICTh BUMipIOBAaTH HaBITh Ca0Ki ONMTHYHI CUTHAIM. 3aMpoNoHOBaHA
MOJIelb OTMUCYE 3AJIHKHICTh MOBHOTO OTNOPY TPAH3UCTOPHOI CTPYKTYPH, fKa JIEKUTbh B OCHOBI MEPEeTBOPIOBAYA, Bill BILIMBY
MOTY)KHOCTi ONITHYHOTO BUITPOMiHFOBAHHS.

KunrouoBi ciioBa: onTHYHI MepeTBOPIOBAYi; YaCTOTHI MEPETBOPIOBAYI; Bill’eMHMIT OITip; hoTOpE3nCTOP.

Ocaoduyk A.B., Ocaouyk B.C., Ceneuxan E.A., Kpvinvix JI.B.

Onruyecknii YaCTOTHBIN NpeodpazoBaTelib Ha ocHOBe ABYX3aTBOpHBLIX MOH-Tpan3ucTopos ¢
AKTHBHBIM HHIYKTHBHBIM 3JIeMEHTOM

MpodaemaTuka. [lepcnekTUBHBIM HaNpaBJeHUEM pPa3BUTHA TpeoOpa3zoBaTeiiell ONTHYECKOTO M3TyueHHs SBISETCS
HCMOJIb30BAHUE 3aBUCUMOCTH PEAKTUBHBIX CBOICTB TMOJYTPOBOAHUKOBBIX TPAH3UCTOPHBIX CTPYKTYP € OTPHULATCIIbHBIM
CONMPOTHUBJIEHUEM OT BO3L[CI710TBHH ONTUYECKOTO M3JIYYE€HHUA U CO3J4aHUE€ YaCTOTHBIX npeo6pa3OBaTeﬂei/'1 ONTUYECCKOIro
M3JIY4Y€HUA Ha OCHOBE OTHUX cBoiictB. HMcmonb3oBaHHEe ONTHUKO-YaCTOTHOI'O npuHLIMIIa npeo6pa30BaHm MOBBIIIACT
[IOMEX0yCTOWYUBOCTb, TOYHOCTH, MO3BOJISAET TMONYYUTh 3HAYMTEJbHO OOJNbIIME BBIXOAHBIE CHTHANBI B CpPAaBHEHWUH C
aAMIUTUTYAHBIMU TMpeo0pa3oBaTesisiMU W YIY4YIINTh METPOJIOTMYECKHe ToKa3aTenu mpeobpasoBareneil. Mcnomb3oBaHue
4acTOTHl Kak WH(POPMATHBHOrO MapaMeTpa HCKIIOYAaeT HCIONb30BaHHMS aHAIOro-uu(poBbIX Mpeobpa3zoBaTeneil BO BpeMs
00paboTku uH(POPMALMH, CHIDKAET CeOECTOMMOCTh CHCTEM KOHTPONsi ¥ ympaBieHus. I[IpeoOpasoBaHue «MOIIHOCTb
ONTUYECKOT0 M3JIYYEHHs YacTOTa» BO3MOXHO PpEaJN30BaTh € IMOMOILIBIO IOJYIPOBOJHUKOBON CTPYKTYpBI, COAEpXKallein
ABTOrEHEPaTOPHOE YCTPOWCTBO PpeATN30BaHHOE B BHAEC CXEMbl, COCTOsIIEH M3 HBYX3aTBOPHbIX MJIII-TpaH3MCTOPOB U
¢oTopesucropa B kauecTBe (HPOTOUYBCTBUTEILHOTO dIeMeHTa. cnonb3oBaHne akTUBHONH WHIYKTUBHOCTH B TaKOH CTPYKType
pewiaetT TpoGJIeMy HHU3KOW JOOPOTHOCTH MACCUBHON MHAYKTHBHOCTH M HECOBMECTHMOCTH €€ pPasMepoB C pa3Mepamu
MHTErPAIbHBIX MHKPOCXEM U, COOTBETCTBEHHO, [JaeT BO3MOXKHOCTh pPEaNM30BaTh ONTHYECKHI ImpeoOpa3oBaTesb B
MHTErpaibHOM HCTONHEHUH. [l U3yYeHHs CBOWCTB YaCTOTHOTO ONTHYECKOTO MpeoOpa3oBarelis HEOOXOAMMO pa3padoTarh
MaTeMaTHYeCKYH0 MOJElb, ¢ MOMOIIBIO KOTOPOil MOTy4aroT 3aBMCUMOCTH, aKTUBHOM M PEaKTUBHOM COCTABMAIONINX MOJIHOTO
CONMPOTHUBJIEHUA CTPYKTYPBI, YyBCTBUTEJIbHOCTU U YaCTOTHI T€HEPALNMHU OT MOILIHOCTU ONTUYECKOT0 U3JTYYCHUA.
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Hens wuccaenoBanmii. Llenbto pabGoTel  siBiseTcss onpeneneHue (yHKumM 1mpeoOpa3oBaHWs W ypaBHEHHS
YyBCTBUTENBHOCTH TIpeoOpaszoBaTensi pelieHneM cucTeMbl ypaBHeHMH Kupxroda, cocraBieHHONW  Ha OCHOBE €ro
9KBUBAJIEHTHOM CXEMBI.

Metoauka peanusanuu. OmnpeneneHNe MOJHOrO CONPOTHBICHUS TPaH3UCTOPHON CTPYKTYphbl MPOBOAMIOCH MyTEM
pemenns cucteMbl ypaBHeHHMH Kwupxroga, cocTaBleHHOH /s SKBHUBAJIEHTHOH CXEMbI YacTOTHOTO OMNTHYECKOTo
npeoOpa3oBatens. XapaKTepUCTUKM, ONMUCBHIBAIOIINE 3aBUCHMOCTH PEAKTHBHON W aKTHBHOW COCTaBJIAIOMEH MONHOTO
CONPOTHUBIIEHNSI aBTOr€HEPAaTOPHOTO MpeoOpa3oBaTesst OT ONTUYECKONH MOIIHOCTH, OBIIM MOyYEHbl MyTEM KOMIIBIOTEPHOTO
MOJIEJIUPOBAHHUS C MOMOLIBbIO MaTtemMaTtnueckoro nakera MATLAB 8.1.

PesyabraThl mcciaenoBanuii. PaspaboTaHa maTemaTHueckas MoOfeNb, HEOOXOAWMMAas IJId OMKMCAHMA CBOWCTB
OIITUYECKOTO YacTOTHOTO MpeoOpa3oBareds C AaKTHMBHBIM WHIYKTHBHBIM JJieMEHTOM. Ha ocHOBe Momenu moydeHs
AQHATITHYECKKE BBIpAXKEHHS A MpeoOpa3oBaHMs U ypaBHEHUE TyBCTBUTENBHOCTH. TeopeTnueckne n 3KCIepHUMEeHTaIbHbIE
3aBHCHMOCTH MOKA3aJIH, 4TO UyBCTBUTEIBHOCTH Pa3pabOTaHHOTO ONTHYECKOTO Ipeodpasosatens papHa 2-11,5 kI'mkBr/cm”.
[MorpemHocTs pa3paboTaHHOI MaTeMaTHYeCKOit Mojenu cocTaBnsieT +5% .

BoiBoabl. Ontrueckuii mpeobpazoBaTesib ¢ AKTUBHBIM MHIYKTHUBHBIM 3JIEMEHTOM MMEET BBICOKYIO UyBCTBHUTEIBHOCTh
B JMana3oHe HM3KUX 3HAYEHWH ONTHYECKONW MOIIHOCTH. DTO JaeT BO3MOXHOCTh HM3MEpSTh Jaxe ciadble ONTHYECKHEe
curHaibl. [IpemioxkeHHas MOIENb OMKMCHIBAET 3aBUCUMOCTD MOJHOTO COTPOTHBIICHUS TPAH3UCTOPHON CTPYKTYPBI, UTO JIEXKHUT
B OCHOBE MPeodpa3oBates, OT BAUSHAS MOIHOCTH ONTHYECKOTO M3TyYEeHHS.

KunioueBble cioBa: onTuyeckne npeodpa3oBaTesny; YaCTOTHbIE MpeoOpa3oBaTeNu; OTPULATENbHBIN COMPOTHUBIECHHUE;
(doTopesucrop.
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