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ABOUT SYNTHESIS OF INDUCTIVITY MULTIPLIERS BASED ON
GENERALIZED MODEL OF IMPEDANCE CONVERTERS

Abstract. Using a generalized model of impedance converters converters of grounded and
weighted inductances into a grounded inductance, in which separate control of the values of
the components of the synthesized inductive impedance is implemented.
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Introduction. The creation of functional devices for receiving and
primary processing of information from passive measuring sensors is an ur-
gent task. In some cases, to solve this problem, it is advisable to use imped-
ance converters [1]. The development of impedance converters can be greatly
simplified by having their basic model. In [2], a generalized model of imped-
ance transducers is presented, which is promising for use as a base when cre-
ating the corresponding transducers for passive measuring transducer pa-
rameters.

Formulation of the problem. The aim of the work is to determine the
possibilities of using a generalized model of impedance converters for the
synthesis of multipliers of grounded and weighted (non-grounded) induc-
tance.

Main part. Generalized model of impedance converters. In [2], it was
shown that an operational amplifier with combined feedback (Fig. 1) has a

functionally complete set of input impedances in the form

Zins = (Z - Z0,22°3/Z"14)/(1 — n), (1)
Zine = (203 [- 20 0 Z 4y Z7 2y /(1 = 1), 2)
Zins = (Zo 01— 20 Za1Z 3)/1 — Ky, (3)
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Zins =(Z° 40 — Z0 2Z°3/1Z70)/(1 — D), 4)

where Z.,Z,, Zx, Z, - are linear impedances of an arbitrary nature; Ui, Uy,
Us, Us - voltage of the excitation sources; n = Uy/Ui, | = Ui/Us, k= Us/Us,
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Figure 1 - Generalized model of impedance converters with
grounded (a) and weighted (b) excitation sources

p = U3/U4. The values and signs of the components of the four possible input

impedances Zin1 - Zizs are determined by the amplitude and phase rela-
tionships between the voltages of the excitation sources.

Synthesis of a grounded inductive impedance multiplier. We
transform the grounded inductive impedance based on a generalized model

with grounded excitation voltage sources (Fig. 1a) by choosing Zy=0and U2

= 0. Then it follows from (1) that n = 0, and the input impedance Zins has the
form:

Zine= Z, . (5)

In this case, with respect to Z, and Z.q, the generalized model is a

negative impedance converter, on the basis of which it is possible to multiply
the inductive impedance by double converting it.

To implement double conversion, we select (Fig. 2) two series-

connected negative impedance converters on DAl and DA2, for which

R, R3,Ry R, , R, are used as linear impedances. The grounded inductance La
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to be multiplied with the active resistance 7o is included in the place of
the grounded impedance Zs,
Under these conditions, the input impedance converter on DA2 ac-
cording to (5) is equal to
7o R, (ro +jwLy)

1n Rf

, (6)

it is converted with a change of sign by the DA1 converter to

Ly ——

Figure 2 — The multiplier of the grounded inductance Lo on two
negative impedance converters

R, (Rg +:'zin)
L= R. '

1=

Then, taking into account (6), the input impedance of the DA1 con-
verter becomes equal

) _RZRB + RZRZ T'D 4 imL0R2R2 .
Zi?= Rél RélRa R4R4 (7)

The resulting input impedance Zin= Tiuis inductive, represents a

grounded inductance Lin with a series-connected active resistance Tia, the
values of which are equal to (7)

R,r
R
?in_ Ry ) (8)
LoRyR,

Lin= R4R, 9)
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From the last expressions it follows that in this circuit, a grounded
controlled inductance Li. is synthesized, the value of which is determined as
the result of multiplying the inductance La by the conversion coefficient

R,R,
equal to R.R, .
The synthesized active resistance Ti» can take both positive and nega-
R, T
tive values depending on the resistance value Ra in comparison with R,
R, 19

When the equality Ra= R, s fulfilled, the input resistance,which mini-
mizes the active losses of the synthesized inductance and significantly in-
creases its quality factor.

Synthesis of a weighted inductive impedance multiplier. To build
a non-grounded impedance multiplier, we select equation (1) for in-phase ex-
citation voltages and U2 <Ul. Then, from the generalized model (Fig. 1a), the
variant of the multiplier in Fig. 3, wherein Zy=To+joL; - complex imped-
ance of multiplied inductance L. with active resistance "a; K>, Ra, Ry - active
resistances of the combined feedback circuit of the amplifier DA2.

| U, O R,
Z;, 5— LN ——1 }—

L r
RA 0 0
DA1 DA2
+ % +
Rp
R, R,
] 1 —

Figure 3 - Weighted inductance multiplier Lo s active resistance 7o

The repeater on the amplifier DA1 with the divider RA, RB is an auxil-
iary device for the implementation of the excitation voltage source U2, in
phase voltage Ul. The ratio of the voltage of the excitation sources, in this

case, has the form
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_ Rpg
" /(Rx + R). Under such conditions, it follows from (1) that the input

impedance of the circuit in Fig. 3 is equal

. R
Zin=[1+ "B :
in o _RyR; )
( /(Rﬁ) (?1 + Jwly R, ) (10)

In (10), we select the real and imaginary parts and obtain, respectively,

the expressions for the input active resistance rin and input inductance

Lin as components of the synthesized input impedance Z;,

R R3R
Tin = 1+-= (rg— 2 3),
Ra Ry (11)

Ry
L,=(1+==]L,.
Ra (12)

It follows from (11) and (12) that the inductance LO and active resis-

tance r0 are converted into the input inductance Li. and resistance 7i» with a
R

conversion coefficient Ra , the value of which can be controlled over a

wide range of resistances RA, RB of the divider. It also follows from (11) that

the multiplication of the resistance r0 is accompanied by its compensation of

R,R
R,,=- 2:13
the negative active component of the input impedance © Ry | and if

R¢y—r10, then the input resistance Ti» —0. This indicates a significant in-
crease in the quality factor of the synthesized inductance.

Conclusions. As a result of the analysis established:

- synthesized multipliers of grounded and weighted inductive imped-
ances are converters only to grounded impedance;

- the developed impedance multipliers allow separate control of the
values of the synthesized inductance and its active resistance, which can take
positive and negative values of a given value;

- a generalized model of impedance converters can be used as a basic

circuit for constructing inductance multipliers.
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0 cuHme3se yMHOXKumesnel UHOYKMUBHOCMU HA OCHOBE 0606UeHHOL
Modenu npeobpazosamenell umnedaHca
Ha ocHose 0606ujeHHol modenu npeobpazosameneli umnedaHca pazpabomarsi npeobpa-
308amenu 3a3eMaeHHOU U B38eleHHOU THOYKmusHocmel 8 3a3eMeHHYI0 UHOYKMUBHOCMb, 8
KOmMOpbIX peanu308aHo pasdesnbHoe ynpasieHue 8esuduHamu CoCmasaaouux cCUHmMe3upoBaH-
H020 uMneodaHca.
lpo cunmes nomHoXKyBaYi8 IHOYKMUBHOCMT HA OCHOBI Y3a2a/1bHEHOT
Moden1i nepemsoplosayis imnedaHcy
Ha ocHosi y3azanbHeHoi MoOesni nepemsoprosaqis imnedaHcy po3pobieHi nepemsoposayi
3a3emeHOT 1 38aXKeHOi THOYKmuBHoCcmel 8 3a3eMsieHy THOYKMUBHICMb, 8 AKIl peani3osaHe po3-
Oi/IbHe YynpasaiHHA BeAUYUHAMU CKN1A00BUX CUHMEe308aH020 IMNedaHcy.

TBeppoctyn Hukosnaii iBaHOBUY - TOLIEHT, K.T.H., JOLIEHT Kadeapbl 3/1€KT-
POHHBIX BBIUMC/IUTEIbHBIX MALIVH JITHEIIPOBCKOT'O HALIMOHAJILHOTO YHUBEPCU-
Teta uMeHu Osecs 'oHuapa.

TBepmoctyn Mukosa IBaHOBUY — [IOIIEHT, K.T.H., JIOIeHT Kadeapyu eneKrT-
POHHMX O0OUMCITIOBAAbHMX MallMH JIHIMPOBCHKOTO HAIliOHAJBHOTO YHiBepCH-
teTy iMmeHi Osiecs 'oHuapa.
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