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Simulated Grounded Inductor Needs

No External Capacitors

Inductors designed with active elements are very desir-
able to designers today because conventional spiral inductors are
too big, too heavy, and too costly, and they require tuning. Dur-
ing the last few decades, various grounded inductors have been
created using different high-performance active building blocks,
such as operational amplifiers and operational transconductance
amplifiers. But op amps suffer from a finite gain-bandwidth prod-
uct (GBP) and GBP interdependence, so they can’t be used at
high frequencies.

One alternative, a current-feedback operational amplifier
(CFOA), is very popular because it overcomes the drawbacks of
op amps. The design described here uses a commercially available
CFOA, the AD844AN by Analog Devices, in a new synthetic,
grounded lossy inductor. The inductor doesn’t use any external
capacitors. Instead, internal capacitance appearing at the compen-
sating pin of the CFOA is used, so the circuit could be classified as
an active-R circuit.

A CFOA is an active building block and an ideal CFOA is char-
acterized by the equations (see the figure):
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Just two current-feedback op amps and two resistors are needed to
create a synthetic inductor that eliminates the drawbacks of other active-
element inductors.
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Iy=0
Vy=Vx
Iz=1Ix
Vw=Vx

Although the two CFOAs and the two resistors in the figure
create a grounded inductor, this idea could be extended to create a
floating inductor by using back-to-back connections.

Since no external resistor is present at terminal Z of CFOA1, the
parasitic resistance must be considered for accurate analysis of the
circuit. If the parasitic resistance and capacitance at terminal Z of
the first CFOA are R and Cg, and the parasitic resistance and
capacitance at terminal Z of the second CFOA are R and Cq,,
the input admittance is:

Yin=Ro1/(RIXR2+SxCq xRIXR2 X Cqy) + (1+SxCpy
X Roz)/Roz

where S refers to the Laplace transform.

Note that Rg is generally on the order of megohms and Cg is
generally in picofarads. With this in mind and assuming that R1
x R2 << Rpj and the frequency range for this design can’t exceed
the megahertz range, the input impedance of the circuit is approxi-
mately:

ZIN =sX LEQ_

where Lgg =C x R1 x R2.

The circuit was designed with R1 =R2 = 500 2 (5% resistor
value—discrete). Using the AD844 datasheet and the experimen-
tal setups it provides, C = Cn; =4.5 pF and Rg; = Rg; =3 MQ.
Very low values of inductances were synthesized with tolerable dif-
ferences between the theoretical and synthesized values. Typical
values were of the order of micohenries. Such small inductor values
are particularly suitable for RF designs.

The design presented here is simple, and the structure is well
known. In addition, the readily available commercial CFOA ICs
make the circuit very feasible and easy to implement.
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