
1418 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS—II: EXPRESS BRIEFS, VOL. 53, NO. 12, DECEMBER 2006

Gyrator Realization Based on a
Capacitive Switched Cell

Doron Shmilovitz, Member, IEEE

Abstract—Efficient power gyrator realization by means of a con-
trolled switch cell is presented. It is shown that a switching cell may
be controlled so as to acquire low-frequency gyrative character-
istics (on average). A realization suitable for operation with cur-
rent sources is presented, that employs a switched capacitor. Due
to the capacitive input, a gyrator of this nature is suitable for oper-
ation with current sources. The main applications of such gyrators
are expected in superconductive magnetic energy storage systems
and current-fed converters, due to the stiff-current characteristic
imposed by a magnetic storage element. Other possible applica-
tions include sources with softer – characteristics, such as pho-
tovoltaic generators and sources of significant output inductance.

Index Terms—Current converters, degenerated gyrator, duality,
gyrators, power sources, time variable transformer, two-port
power conservative.

I. INTRODUCTION

THE gyrator is a passive loss-less storage less two-port net-
work defined by the admittance matrix [1]–[8]

(1)

A gyrator is depicted schematically in Fig. 1. The main prop-
erty of the gyrator is that it converts a one-port network into

, its dual with respect to the gyration conductance , [1], [2],
defined by

Most of the practical gyrator realizations are based on a combi-
nation of two-linear amplifiers, resulting in low (usually below
0.5) conversion efficiency. Such realizations are therefore suit-
able for signal processing applications, rather than power pro-
cessing applications.

It has been found that switched-mode converters facilitate
the synthesis of loss-free (in principle only) gyrators [1], [3],
[4]. Other realizations suitable for power processing include se-
ries resonant converters [5], the inverse dual converter (IDC)
[6] and the switched-mode transmission line [7], [8]. The
IDC is suitable for handling the stiff current source type char-
acteristics presented by superconducting coils [6] whereas the

gyrator was incorporated for the stabilization of loads with
voltage source characteristics such as high-intensity discharge
(HID) lamps [8].
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Fig. 1. Symbolic representation of a gyrator.

Efficient gyrators applied for voltage-source-into-current-
source characteristics conversion are sometimes referred to as
current converters [9], [10]. The need for such characteristic
transformation emerged due to negative impedance loads, such
as gas discharge devices (spark gapes, arcs, gas lasers), which
need to be energized by a source with stabilized current, while
most of the sources have a voltage source characteristic, [3],
[8]. This need can be accomplished through the coupling of the
voltage source to the load by means of a gyrator, which trans-
forms the voltage source into a current source at the load side
(by duality principle [9]).

For these purposes, a realization based on an inductive
switching cell seems to be a good choice due to the high effi-
ciency and flexible control, which can be obtained [3]. However,
an inductive switching-cell-based gyrator is not suitable for the
transformation of current sources into voltage sources due to the
large voltage spikes that would be generated by the interaction
between the switched inductor and the current source applied
to the input terminal. Since “natural” current sources are rare,
little attention has been paid to gyrators suitable for conversion
of current sources into voltage sources. In superconductive
magnetic energy storage systems (SMES), there is a need for
current into a voltage source transformation, due to the fact that
the SMES has current-source like characteristics, while most
conventional loads require stabilized voltage. A gyrator based
on a capacitive switching cell is suitable for that purpose, since
a capacitive switching cell can accept a current source without
inducing large voltages.

The concept “degenerated gyrator” is introduced in this paper,
which is shown to be more suitable for modeling some switched-
mode converters with regulated output (rather than the frequently
employed transformer model). Realization of gyrators by means
of output voltage controlled power conservative network and by
means of output current controlled power conservative network
are shown in Section II. The concept of “degenerated gyrator”
is introduced in Section III, which is shown to well describe
the average behavior of some regulated output switched circuits.
Gyrator realization by an appropriate control of switched cell is
given in Section IV. In Section V, it is shown how a switched
capacitive cell acquires conventional gyrator characteristics on
average basis by means of appropriate control.
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II. CONTROL IMPLIED GYRATOR

Power gyrators may be achieved due to inherent physical
properties of the gyrator network components, such as in [4],
[6], [8], which are referred to as “natural gyrators.” Other gy-
rator realizations are achieved by means of control, such as in
[3], which will be referred to as “control implied gyrators.”Here
we are dealing with a control implied gyrator realization.

The fact that the gyrator is a loss free storage less network sug-
gests that its efficient realization may be based on a power conser-
vative “black box,” denoted by POPI ( ) [3] whose power
throughput should be controlled by means of a control parameter,

. Based on the output-controlled parameter, two types of POPI
network elements are defined, the output current controlled type
POPI, denoted by I-POPI (2) and the output voltage controlled
POPI, denoted by V-POPI (3) as follows:

(2)

(3)

is a control signal which drives internal parameters of the
POPI box so that (2) or (3) are obeyed. and are derived
by inherent properties of the switching cell that define the POPI
output current or voltage respectively. A gyrator based on an
I-POPI type of “black box” is suitable for coupling voltage
sources, which calls for a switching inductor realization. A
V-POPI “black box” implies synthesis of a gyrator that is
suitable for coupling current sources, which calls for realization
by means of a capacitive switching cell.

Controlling a POPI network in such a way that either one of
the gyrators (4) or (5) is obeyed, guarantees gyrative operation
(the second equation will be automatically satisfied due to the
power conservation property of the POPI)

(4)

(5)

The control signal, which causes the I-POPI to obey the gyrator
equations, is given by

(6)

where denotes the inverse function of . In the
case of V-POPI, the suitable control signal is given by (7) or
(8) where is the inverse function of

(7)

(8)

Equations (5)–(7) indicate that the gyrator can be realized by the
combination of a POPI “black box” and a signal processing cir-
cuit (SPC), which produces an appropriate control signal . It
is assumed that the SPC consumes no power. In practical cases,
the inverse functions and will be generated via
a negative feedback loop. Loss-free gyrator realizations based
on I-POPI and V-POPI are shown in Figs. 2 and 3, respectively.

Fig. 2. I-POPI gyrator realization by means of (a) the inverse characteristic
function h and (b) via a negative feedback control loop.

Fig. 3. V-POPI gyrator realization by means of (a) the inverse characteristic
function h and (b) via a negative feedback control loop.

Fig. 4. Basic switching cell.

In the case of V-POPI realization, it would be rather conve-
nient to refer to the matrix of the gyrator

(9)

III. CONTROLLED SWITCH AND ITS

STABILIZED OUTPUT GYRATOR MODEL

Consider a basic switching cell, which switches periodically
between position 1 and 1’ with a switching period and a duty
ratio , as shown in Fig. 4.

The value of is set externally and is in the range of [0-1]. A
movingaverage operator, is applied to instantaneous signals
around the switching cell, such as a voltage , defined as

(10)
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Fig. 5. Altered source characteristics via (a) stabilized output current and
(b) stabilized output voltage.

Applying the averaging operator yields

(11)

These equations describe a transformer with the special prop-
erties of a dc coupling capability and an adjustable transfer ratio
(equal to the external control variable, , [1], [5].
It may thus be concluded that a periodically exercised switch in
open loop (when the duty ratio is not controlled) may be mod-
eled as a time variable transformer. Indeed, modeling of an av-
eraged switch as a transformer is common as it is a “natural”
property of the switch [5].

Some control schemes change the switch average model. Ap-
plications that require energizing the load by a current source
(such as laser diodes and LEDs), while the actual source is a
voltage source, imply control of the output current as shown
in Fig. 5(a). Another case is when the physical source possess
current source characteristics and the load requires stabilized
voltage, [11]–[13], see Fig. 5(b).

In both of these cases, the source characteristics are basi-
cally altered to its dual. The controlled switch converts a voltage
source into a current source [Fig. 5(a)] or a current source into a
voltage source [Fig. 5(b)] on an average basis. Applications of
a controlled switched cell which converts a current source into
a voltage source are not common since current sources are rare.
Yet some such applications do exist, such as interfacing with
SMES coils which have current source characteristics or pho-
tovoltaic generators, which in a certain operation region may
be viewed as current sources,[11]–[13]. The output controlled
voltage [Fig. 5(b)] implies

(12)

Conversion of a current source into a voltage source (or that of
a voltage source into a current source) is not described well by a
transformer model, since a transformer does not alter the source
nature. A gyrator model is more suitable as it converts network
elements into their dual ones, i.e., it converts current sources into
voltage sources (and vice versa). In most practical cases, circuits
which convert current sources into voltage sources (as well as
those which convert voltage sources into current sources) have a
regulated output. This implies a varying gyration transconduc-
tance that depends on the input independent parameter ( or )
and on the reference signal ( or , respectively), as in (13)
and (14). In the case of stabilized output current

(13)

Fig. 6. (a) Capacitive switched cell. (b) Switch implementation.

Fig. 7. Degenerated gyrator model of the regulated output switched cell.

Whereas in the case of regulated output voltage

(14)

Such a type of gyrator can be regarded as a gyrator operating
in a particular operation mode (or as a “degenerate” gyrator) in
which the gyration transconductance is internally programmed
by the preset regulated output parameter (reference signal) and
the input independent parameter. In cases in which the load con-
tains significant capacitance (as in the case of a large dc bus
load [12]) the average and the instantaneous output voltages are
pretty close

(15)

In other cases, a capacitor must be added across the switch
output port to filter the output voltage in compliance with (13),
[13]. As a result, averaging of the output voltage in the con-
trol loop is not needed in this case. The capacitive switched cell
formed by the addition of the filter capacitor and the switch im-
plementation are depicted in Fig. 6. Applying either one of the
control schemes depicted in Fig. 6 to the switch cell transforms
the source characteristics into its dual one, which is a gyrator
property. However it is a particular case of gyrator in which the
output is fixed (stabilized).

This may be modeled by a gyrator with load-dependent gy-
ration ratio as implied by (13) and (14).

In this case, the gyration ratio (or the transresistance )
is no longer an independent variable. This variable is actually
determined internally in correspondence to the source and ref-
erence value (which is the independent variable, see Fig. 7).

The switch configuration implies

(16)

For instance, let us assume a pure resistive load type (
). Equation (16) implies a gyrator model with transconduc-

tance equal to

(17)
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Fig. 8. Two possible gyrator models.

Substitution of (17) into (14) yields the duty cycle variation

(18)

In most practical cases, there is a need for a regulated output pa-
rameter (either voltage or current), in which case the degener-
ated gyrator model, described above, applies. Yet, the switched
cell may be controlled in such a manner that a real power gy-
rator will be created. This might be applicable for reactive VAR
compensation and for changing a reactive component charac-
teristic behavior (such as emulating a capacitor by means of an
inductor).

IV. CONTROLLED SWITCH GYRATOR

A real power gyrator may be created by applying the control
scheme of Fig. 4(b) to the average values of the switch cell (de-
picted in Fig. 7). In this case becomes the external control
variable rather than the reference value in the case of the degen-
erated gyrator (or in the case of a simple, open loop operated
switch, which models as a transformer). It is sufficient to imple-
ment one of the two gyrators, (4) or (5), since the second follows
automatically due to power conservation. Since the switching
cell does not include dissipative elements, nor sources or storage
components, it is obviously a power conservative element. Sub-
stituting (4) and (5) to (11) yields (19). is found by
equating the average input and output powers

(19)

(20)

It can thus be concluded that a gyrator is realized on an average
basis, which has independently adjustable gyration impedance

. This gyrator may be modeled by either one of the schemes
in Fig. 8.

V. SIMULATION RESULTS

PSPICE simulation results are provided in Figs. 9–12, which
validate the proposed switched capacitor gyrator. In principle,
the simulated circuit is similar to the one shown in Fig. 6.
However, improved dynamical response was obtained using
two single pole dual through (SPDT) switches rather than one
(which implies improved capacitor charge control, since the
injected current direction may be reversed with respect to the
capacitor). The gyration conductance was set to . To
clearly demonstrate the gyrators operation, a pure 100 mH
inductor was used as a load at the gyrator output. It should
be noted that the actual input voltage is pulsating therefore its
moving averaged value is presented in Figs. 9 and 12. First a
10 A constant current source was applied at the gyrator input

Fig. 9. Simulation results for g = 0:5, L = 100 mH, I = 10 A. (a) Input
current and voltage (b) Output current and voltage.

Fig. 10. Simulation results: output current and voltage for g = 0:5, L =

10 mH, I = 10 A.

as shown in Fig. 9. The load inductor is “seen” at the gyrator
input as an equivalent capacitor

100 mH 25 mF (21)

Therefore, the input voltage ramps linearly with a slope of 400
V/s, see Fig. 9. At the output, the 10-A current source is reflected
as a 20-V voltage source. As a result, the inductor current ramps
with a slope of 200 A/s

20 V
100 mH

200 A
s

Applying the same gyrator circuit to an inductor load of only 10
mH yields similar results, except the output current ramps with
a ten times higher slope, see Fig. 10. In the second case, the
constant current source was replaced by a ramp current source,
which resulted in a parabolic growing input voltage, as if it was
a capacitor. At the load, the ramp current source reflects as a
ramp voltage source, thus the load inductor current increases
parabolically, see Fig. 11. The simulation results look similar
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Fig. 11. Simulation results for a ramp current source (I = 200 � t[A]).
(a) output current and voltage for g = 0:5 and L = 100 mH (b) output current
and voltage for g = 0:5 and L = 10mH.

Fig. 12. Simulation results for a pulsating resistive load I = 10[A], g = 0:5
and R = 5 
 ! 2:5 
 ! 5 
.

for both cases (for 100 mH and for 10 mH), but the
simulation time is ten times longer in the first case.

The same current source was applied to a pulsating resistor
load through the same switched-mode gyrator. The load was
stepped from 5 to 2.5 and back to 5 . Simulation results
are presented in Fig. 12. Since the source is constant (10 A)
and , the output voltage is constant and equals 20 V.
The output current is straightforward; it steps from 4 to 8 A
and back to 4 A as the load steps 5 to 2.5 and back to 5 .
The interesting load-inversion property of the gyrator may be
seen through the input voltage waveform. The input is fed by a
constant current source . And, the input voltage steps up when
the load resistor steps down and vice versa. The resistor load
reflected to the gyrators input is

(22)

Thus, as the load resistor goes through the values
its’ reflected value at the gyrator input acquires the

values:

VI. DISCUSSION

It has been shown that switched-mode converters, under
certain control schemes, exhibit gyrator characteristics. The
concept of degenerated gyrator was introduced, which applies
to some practical converters with regulated output [11]–[13].
The capacitive switched cell has been shown to be suitable for
operation with current source supply, as well as with softer
supply characteristics, such as photovoltaic arrays. However,
it is not suitable for operation with stiff voltage sources. A
gyrator based on such a converter is suitable for the conversion
of inductors into equivalent capacitors and for the conversion of
current sources into voltage sources. Such a two-port network
can find applications in an SMES, as well as in reactive VAR
compensation systems.

This work calls for further research regarding: conduction
modes, limits of operation of the switched gyrator and range
of model validity, bidirectional current conduction for opera-
tion with ac waveforms (for applications such as reactive VAR
compensation).
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