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Application of a Symmetrical Type Current

Pump to realize Ungrounded lnductors. 

Gene Usui＊ and A.  W.  KEEN＊＊

                                         Abstract

  This letter describes the realization of ungrounded inductor using a differential integrator and a sym-

metrical current pump.  Stable low-frequency Q-factors of approximately 800 are easily obtained. 

Using the symmetrjcal current pump， variation of the inductance (L) value is easily obtained with a

single potentiometer. 

Introduction

The inductor without coils， using operational amplifiers or transistor circuits， has been reported. 

But， in its floating form， it has seen few realizations， because of the difficu］ty of designing ''floating'

gyratorsi-4). 

Several years ago we poi. nted out that an inductor could be realized by meahs of a current pump

driven by the integrated voltage across the terminal-pair of the requjred inductor5).  Since this publication，

we have developed a new form of floating indnctor6)， similar in principle to earlier forms， but requiring

two integrators and two single-ended input push-pull outputc. .  The earlier networks utilised NIC's for

loss， compensation ; this incurred the disadvantage of accurate resistance matching.  The present system

rgplaces the NIC action with a current pump， hence overcoming the matching problem. 

  An ungrounded

may redraw Fig. 

three-port circuit，
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  where g is

           Inductor Simulation and the Model Circuit

inductor can be replaced by two gyrators and a capa'
モ奄狽盾秩C as ln Fig.  IA.  Then we

IA using pairs of controlled current sources， as in Fjg.  IB.  We consider Fig.  IB as a

the Parameters of which may be represented by the equatton :
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conductance of the two gyrators

                   3:

・・・…
i1)

             the transfer conductance of the two gyrators in Fig.  IA.  with a load consisting of a

capacitor C connected across the terminals of port

            I3＝一V3 CP ' ''. . . . (2)
The variables of the network between the two ports 1， 2 are related by the equation:

            ］一・910羽   ……(・)

The「esu晦・quati・n・as sh・w i・(3)・d・fi…a・impl・ung・・und・d・e・i・・i・duct…fval・・L-C/・9. 

＊ School of日ectrjcal Engineering， Ube Technical CoUege. 

＊＊@Dr Keen， who was with the University of Bath， died recently， England. 
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                   Fig. 1 Re41ization Of an. ungrounded inductor・

                            (A) Two-gyrator realization

                             (B) PrincjPle「of our circuit

                            (c). Model circuit diagram層

「Acc・・di・g…h・ ・b9・e-m・h・i・n・d p・i・・ipl・，・h・m・dd・i・cui・i・c・n…u…d・・i・F」9・lcμ・i・g・h・e・

operational amplifiers.  Now， with ideal amplifiers in伽s circuit， the parameters are deflned by the

equation as follows:
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and

v・一、義P｛鴇1薯1多71-7・｝

By aqopting the following set of relqtionships，:

r， ri， r？， ・・・…， r6＞＞Ri， R2

r且C1＝ア2C2
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            面一鵡｛1，(fi. lllljg＋＋r6r)s)｝一・圭

the equations of(4)，(5)become :一

                                                      

            ・・ 00一奏V・

            1，÷一〇〇  lV、

            13   星 些   R v3
                     r2 r2    0
                               -

and

            13＝一v3C2P

we have

            コ÷嗣〕］

The resulting equation， as shown in(9)，

  We have used this circuit with r， r1，

(all of 1％tolerance)，and with

function＝5×104/(1十〇. 0008 P)

0. 51HwithK＝1. 

］

・・・…
@(6)

・・・…
i7)

・・・…
i8)

・・・…
@(9)

    def・ines an inductor of value L ＝ R r2 C2/K. 

    r2， …， r 6＝IMohms， Ci， C2＝＝100 pF， Ri， R2＝5. 1 Kohms

solidstate differential amplifiers (Philbrick EP 85AU) of transfer

( 1 十〇;OOO13 P); ln this case the value of ungrounded inductor was
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 To demonstrate the use of these techniques the simple 600 ohm notch filter shown in Fig.  2 (inside)

was constructed.  The experimental result of this filter is shown in Fig.  2， from which it can be seen

that the attenuation value at the notch frequency is-60 dB.  The Q-factor of the inductor L with

riCi＝r2C2 is approximately 800 in the experimental case.  However， in the theoretical case it is Q ＝＝

2. 4/tuRC2， and vLTith r ＝ ri＝r？…＝＝r6 ＝1 Mohms， Ri＝R？ ＝＝ R＝5. 1 Kohms jn this circuit， the Q is

aPproximately 4000 at ，a frequency of 220 Hz. 

 Here， we take two interesting circuits， in order to compare their stability with the stability of our
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circuit.  One of them is Deboo's circuit3)， which is lossless in theory， and another is K.  P.  's circuit2)，

which is simple.  Both of these networks utilise NIC action for ' 撃盾唐?compensation and may therefore

under certain circumstances become-unstable.  The present system however is potentially more stable as

it does not comprise NIC subsystems. 

一We conclude with a simple comparative sensitivity and stability study .  of the three' @networks having

component tolerances of '1 ％.  One parameter is the incremental change A dB of the regulation of the

-14 dB point on the attenuation curve jn Fig.  2， when each one of the resistors is changed by 10％，

and' ≠獅盾狽???is given in the change of each resistance required to cause oscillation to commence.  The

resulting largest values are A dB＝一2％， L 2％ and-4％ and A R＝＝一2. 4. ％！ 一2. 2％ and 一84. e％

for the Deboo， K.  'P.  and our circuit respectively. 

                                      Conclusion

  We have indicated that the present configuration is potentiallY more stable than those proposed in

references (2) and (3)， and comparative sensitivities of gain at the cutroff frequencies corroborate the

superiority of the proposed system;， ， . . :. .  v. ，. . :一

. . We have・. given ， a simulation proceduτe for a勲ble ungrounded induc重or with high Q・factor and

readily variable. . indugtance.  We believe thaゼfhis.  techniqIiui' wi11 .  considerably facilitate systematic.  so】u-

tion of active and passive network problems. 
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