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Abstract—A low-voltage class AB impedance gyrator is
presented. It is implemented as a reduced version of a conventional
gyrator, resulting in decreased silicon area, power consumption,
and need for parameter matching. In addition, the circuit is able
to provide large bidirectional currents to drive demanding loads
without compromising linearity. Simulation and experimental
results of the implementation of the proposed impedance gyrator
in a third-order Butterworth low-pass filter are presented.

implementations represent a limitation in terms of frequency
operational range and their ability to provide current.
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Fig. 1. Equivalent energy model of a conventional inductor in silicon (𝐿𝐿𝑆𝑆 =
overall inducance, 𝑅𝑅𝑆𝑆 = conductor loss, 𝑅𝑅𝑝𝑝 = substrate loss)

Where the 𝑅𝑅𝑠𝑠 represents the series resistance (also
commonly known as Equivalent Series Resistance or ESR), and
the 𝑅𝑅𝑝𝑝 is the parallel resistance. Due to the increasing need for
integrating components in a single silicon die, a practical
alternative is to use active inductors, which also provides the
advantage of scaling the inductor’s value. Unfortunately, these
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Among the passive components, the inductor is the one that
needs the largest silicon area. Unfortunately, conventional
silicon inductors have several drawbacks, including losses [1][2]; the equivalent energy model of a silicon inductor is shown
in Fig. 1.

A. Conventional circuit
A conventional active inductance implementation, the
impedance gyrator [3], is shown in Fig. 2 and is formed by two
operational transconductance amplifiers (OTA's).
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I.
INTRODUCTION
In the electronics industry it is necessary to use passive
components integrated in a chip. Although this implies various
deficiencies, amid the most important is the large area required
by these components; using a larger area of silicon represents a
higher monetary cost.

CIRCUIT DESCRIPTION
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II.

Fig. 2. Impedance gyrator implemented by two transconductance operational
amplifiers.

The equivalent impedance is deducted as follows: if a
voltage 𝑉𝑉𝑜𝑜 is applied to the circuit a current 𝑖𝑖𝑜𝑜1 is induced:
(1)

𝑖𝑖𝑜𝑜1 = 𝑔𝑔𝑚𝑚1 (𝑉𝑉𝑜𝑜 − 0)

this current, in capacitor 𝐶𝐶, generates the voltage 𝑉𝑉𝑐𝑐 :

(2)

which, by the upper OTA, induces the current 𝑖𝑖𝑜𝑜2 :

(3)

𝑉𝑉𝑐𝑐 =

𝑖𝑖𝑜𝑜1
𝑠𝑠𝑠𝑠

𝑖𝑖𝑜𝑜2 = −

= 𝑉𝑉𝑜𝑜 ·

𝑔𝑔𝑚𝑚1
𝑠𝑠𝑠𝑠

𝑔𝑔𝑚𝑚1 𝑔𝑔𝑚𝑚2 𝑉𝑉𝑜𝑜
𝑠𝑠𝑠𝑠

this results in a transfer function and an equivalent
impedance of:

𝑍𝑍𝑒𝑒𝑒𝑒 =

−𝑣𝑣𝑖𝑖
𝑖𝑖𝑜𝑜2

=

𝑠𝑠𝑠𝑠
𝑔𝑔𝑚𝑚1 𝑔𝑔𝑚𝑚2

⇒ 𝐿𝐿𝑒𝑒𝑒𝑒 =

𝐶𝐶
𝑔𝑔𝑚𝑚1 𝑔𝑔𝑚𝑚2

.

(4)

It offers a simple and practical implementation of an inductor
with a relatively small silicon area, with the addition that the
inductive effect can be considerably scaled by adjusting the
transconductance gains 𝑔𝑔𝑚𝑚1 and 𝑔𝑔𝑚𝑚2 accordingly.

Unfortunately, it present important disadvantages. First,
having two separate OTA’s increases the number of blocks that
require proper layout techniques; hence, it increases the
probabilities of having mismatched parameters due to
fabrication, which results in a decreased accuracy of the
implementation. Second, if conventional class A OTA’s are
used, the maximum current they can provide is limited to the tail
current in the differential pair, 𝐼𝐼𝐵𝐵2 , which considerably limits the
operational frequency range of the circuit and load the circuit is
able to drive. In addition, this represents a grounded
implementation, where only one terminal of the inductor is
available; hence, a floating implementation is desirable.

and T2, thus, offering class AB operation. The output terminals
also include a cascode arrangement by transistors M9, M10,
M13 and M14. This increases the output resistance and the
operational range of the gyrator, without affecting the ability to
provide large output currents. The design can operate with a
supply as minimum as a gate-source and a saturation voltages,
thus, making it suitable for low voltages environmets.
The class AB offers the ability to withstand demanding loads
at T1 and T2 nodes without compromising linearity. The
resistance at T1 is given by (an equivalent equation may be
derived for T2):
(5)

𝑅𝑅𝑇𝑇1 = 𝑔𝑔𝑚𝑚13 𝑟𝑟𝑜𝑜12 𝑟𝑟𝑜𝑜13 ||𝑔𝑔𝑚𝑚14 𝑟𝑟𝑜𝑜14 𝑟𝑟𝑜𝑜15
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Fig. 3. Representation of the proposed circuit and its equivalent impedance at
the terminals 𝑍𝑍𝑒𝑒𝑒𝑒 .

The proposed circuit is implemented based on a reduced
version of this architecture and is shown in Fig. 4. It consists of
a single differential pair as the first stage (equivalent to OTA1
in Fig. 3), which eliminates the need for a second pair and the
power and silicon area it requires, as well as the intrinsic
mismatched parameters it introduces. This results in higher
accuracy compared to the conventional impedance gyrator. It
has two resistors 𝑅𝑅𝑓𝑓 , which are used as a Local Common-Mode
Feedback (LCMFB), this is a fundamental part of the circuit as
it efficiently implements class AB operation, improving the
Slow Rate and GB [4]. Here, for common mode signals,
transistors M4 and M5 operate as a low resistive load. If
differential signals are applied, a current 𝐼𝐼𝑅𝑅𝑅𝑅 flows through
resistors 𝑅𝑅𝑓𝑓 , which generates differential complementary
voltage changes at nodes A and B. These resistors result in a
node resistance of 𝑅𝑅𝐴𝐴,𝐵𝐵 = 𝑟𝑟𝑜𝑜1,2 ||𝑟𝑟𝑜𝑜4,5 ||𝑅𝑅𝐹𝐹 which, for small
values of 𝑅𝑅𝐹𝐹 , result in 𝑅𝑅𝐴𝐴,𝐵𝐵 ≈ 𝑅𝑅𝐹𝐹 . This gives the first stage a
gain of 𝐴𝐴𝑣𝑣1 = 𝑔𝑔𝑚𝑚1,2 𝑅𝑅𝐹𝐹 ; it provides larger voltage swing at
nodes A and B, which control the gate terminal, and hence the
current, of transistors M6, M8, M12 and M16. Hence, these
transistors form the second stage which and, by current
mirroring, may provide bidirectional output currents at nodes T1
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B. Proposed Class AB Impedance gyrator
The implementation of a floating inductor is achieved by
using fully differential as shown in Fig. 3. Here, both inputs of
OTA1 are used for each of the terminals of the active inductor.
The operation is similar to the circuit in Fig. 2, where an input
voltage induces an output current from OTA1, this creates a
voltage in capacitor 𝐶𝐶, which in turn, induces an output current
provided by OTA2; it has the same transfer function in (4).
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Fig. 4. Proposed class AB impedance gyrator circuit.

The two stages of the circuit are used to operate as a gyrator
with an impedance equivalent to a floated inductor as shown in
Fig. 4. Considering the output resistances 𝑅𝑅𝑜𝑜1 and 𝑅𝑅𝑜𝑜2
corresponding to amplifiers OTA1 and OTA2, respectively, the
transfer function of the proposed circuit is given by (6).

𝐻𝐻(𝑠𝑠) =

𝑆𝑆(𝑅𝑅𝑜𝑜1 𝑅𝑅𝑜𝑜2 𝑅𝑅𝐿𝐿 𝐶𝐶)+𝑅𝑅𝐿𝐿𝑅𝑅𝑜𝑜2
𝑆𝑆𝑅𝑅𝑜𝑜1 (𝑅𝑅𝑜𝑜2 𝑅𝑅𝐿𝐿 𝐶𝐶+𝑅𝑅𝐿𝐿 𝑅𝑅𝑠𝑠 𝐶𝐶+𝑅𝑅𝑜𝑜2 𝑅𝑅𝑠𝑠 𝐶𝐶+𝑅𝑅𝑜𝑜2 𝑅𝑅𝐿𝐿𝑅𝑅𝑠𝑠 𝑔𝑔𝑚𝑚1 𝑔𝑔𝑚𝑚2 )+𝑅𝑅𝑠𝑠 (𝑅𝑅𝑜𝑜2 +𝑅𝑅𝐿𝐿 )+𝑅𝑅𝑜𝑜2 𝑅𝑅𝐿𝐿

(6)

Fig. 6. Simulated impedance of the proposed circuit (gyrator circuit).

In order to demonstrate its use in a practical application the
proposed active inductor was implemented in a third-order
Butterworth low-pass filter as shown in Fig. 7, where 𝐿𝐿𝑒𝑒𝑒𝑒 is the
proposed circuit. The filter has a transfer function of

𝐻𝐻(𝑠𝑠) =

Vi
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Fig. 7. Application of third order Butterworth low-pass filter.
Fig. 5. Layout of the proposed impedance gyrator.

I.
SIMULATION AND EXPERIMENTAL RESULTS
The proposed circuit was simulated using spectre in a 180
nm technology. Fig. 5 shows the layout of the circuit in Fig. 4.
The layout design is based on the interdigitated common
centroid method for the proposed impedance gyrator as well as
the resistances (Rf), achieving an improved matching. Capacitor
(C) is made up of 9 cells in parallel.
. The parameters 𝐼𝐼𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 10𝜇𝜇𝜇𝜇 , 𝑉𝑉𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 0.58𝑉𝑉 and
𝑉𝑉𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 0.53𝑉𝑉 , and transistors sizes of 6µm/360nm for
NMOS and 10µm/360nm PMOS transistors were considered.
The value of the resistors is 𝑅𝑅𝑓𝑓 = 100𝑘𝑘Ω , the value of the
capacitor is 𝐶𝐶 = 10𝑝𝑝𝑝𝑝. The supply voltage used for this design
was 𝑉𝑉𝐷𝐷𝐷𝐷 – 𝑉𝑉𝑆𝑆𝑆𝑆 = 1.1𝑉𝑉.

Fig. 6 shows the simulation of the impedance as a function
of frequency. It shows 4 examples of impedance with different
operational range. The proposed circuit has the ability to change
impedance easily by adjusting the value of the capacitor (C). The
value of the capacitor used for the tests and simulations is 10pF.

For the simulation the values 𝑅𝑅1 = 10𝑘𝑘Ω, 𝑅𝑅2 = 100𝑘𝑘Ω,
and 𝐶𝐶1 = 𝐶𝐶2 = 1𝑛𝑛𝑛𝑛 were considered.

Fig. 8 shows the frequency response of the third order
Butterworth low pass filter applied with the active inductor,
using the values mentioned above.

Fig. 8. Simulation of the frequency response of the third order Butterworth
filter using the proposed active inductor.

Fig. 9 shows the transfer function of the filter using Matlab.
The data obtained from the simulation of the circuit, and
mathematical data from the transfer function using Matlab are
shown in Table I.

II. CONCLUSIONS
A compact and efficient implementation of an active
inductor is presented. It is suitable for low-voltage environments
and is able to provide large currents to drive demanding loads.
It was experimentally tested using integrated circuits, compared
to simulations, and demonstrated its efficiency in a practical
implementation of a filter.
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