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Abstract—After the presentation of the Current Follower
Transconductance Amplifier (CFTA) active element, it has found
a numerous application possibilities while designing linear and
non-linear analog function blocks. This paper gives a short review
of the CFTA and mainly focuses on the synthetic floating and
grounded passive element design, which can also be electronically
controllable. Except the design of synthetic inductors, also possi-
ble realizations of floating and grounded capacitors and resistors
are described, where the value of these passive elements can be
adjusted by means of active elements’ parameters. For the design
of the corresponding circuit realizations, the Mason-Coates signal
flow graph approach is used. The performance of some discussed
synthetic elements is verified and evaluated by Spice simulations
on simple analog frequency filters.

Keywords—CFTA, synthetic inductor, synthetic capacitor, syn-
thetic resistor, frequency filter, signal processing.

I. INTRODUCTION

Even if in these days the signal processing is mainly
performed in the digital form, analog function blocks are still
required in front-end interfaces. Probably the most discussed
and used function blocks are the analog passive or active
frequency filters, where in the literature more attention is
paid to active ones. Although the mathematical description
of these function blocks is very well known and the number
of described circuit solutions using different types of active
elements is also quite high, the engineers are still looking for
new challenges if low supply voltage, low power consumption,
or low noise are to be considered. Hence, new or modified
active elements and new frequency filter design approaches
are presented in the literature.

Once assuming the variety of active elements, probably
the best known are the operational amplifiers (OPAs) and
operational transconductance amplifiers (OTAs). These active
elements are considered to be used in voltage mode (VM)
function blocks, i.e. both the input and output variable to
be voltage. However, other active elements suitable for the
design of analog function blocks are discussed in the literature,
such as Current Conveyors (CC) and their first generation -
CCI [1], second generation - CCII [2] and third generation -
CCIII [3], Voltage Conveyors (VC) [4] and their variants such
as Current Differencing Buffered Amplifier (CDBA) [5] or
Universal Voltage Conveyor (UVC) [6]. Even if these active
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elements have both voltage and current input and/or output
terminals, they are mostly used in function blocks working in
the current mode (CM), where the input and output signal is
represented by current. However, the character of the input
and output variable of a function block does not have to
be necessarily the same and hence mixed mode function
blocks are designed that are described by a transadmittance or
transimpedance transfer function. Interconnecting conveyors
and/or voltage followers (VF) and/or current followers (CF)
and operational transconductance amplifiers other types of
active elements are presented in the literature with the aim
of simpler internal transistor implementation. The Current-
Differencing Transconductance Amplifier (CDTA) [7], Current
Conveyor Transconductance Amplifier (CCTA) [8], Current
Through Transconductance Amplifier (CTTA) [9] or Current
Follower Transconductance Amplifier (CFTA) [10] can be
given.

While presenting new types of active elements, their ap-
plication possibilities are mostly shown on the design of fre-
quency filters. For the design of linear functional blocks with
these active elements, a number of methods can be used. The
autonomous circuit method [11], [12], adjoint transformation
[13], the use of passive prototype [14], or signal flow-graph
approach [15] can be mentioned as examples.

This paper deals with the idea of designing synthetic ele-
ments that with advantage can be employed in passive filtering
structures. For this purpose, the CFTA is used as active
element for sake of the synthetic elements design. The paper
is organized as follows: first, in section II the CFTA active
element is described and possible realizations for practical
verifications are given; next, in section III using signal flow
graph approach, the circuit solutions of floating and grounded
passive elements are discussed; in section IV, some of the
synthetic elements are employed in simple function blocks to
show their performance; section V concludes this paper and
gives some views of future work in area of CFTA usage in
analog signal processing blocks.

II. CFTA - CURRENT FOLLOWER TRANSCONDUCTANCE
AMPLIFIER

A. Active Element Description

The Current Follower Transconductance Amplifier (CFTA)
(Fig. 1(a)) is an analog active element that has been presented
in [10] as a simplified version of the CDTA [7]. The sim-
plification of CDTA to CFTA consists in the reduction of
one low-impedance current input (n) as it can be seen from
Fig. 1. The reason of such simplification was the fact that in
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Fig. 1. Circuit symbols of (a) CFTA, (b) CDTA

numerous circuit solutions using CDTAs p or n terminals of
individual active elements remain unconnected [7], [16]-[23]
and hence can cause undesired noise injection into the circuit
and subsequently increase the noise level at the output of the
function block. Therefore, the CFTA uses only single low-
impedance current input denoted as f , two high-impedance
current outputs x+ and x− and one auxiliary high-impedance
voltage terminal z. The relation between the terminal currents
and voltages of this active element can be described by
following hybrid matrix:

vf
iz
ix+
ix−

 =


0 0 0 0
α 0 0 0
0 gm 0 0
0 −gm 0 0




if
vz
vx+
vx−

 , (1)

where α = 1−ε is the current gain from the f terminal to the z
terminal and gm is the transconductance of the active element,
whereas |ε| << 1 is the current tracking error. Generally,
the gm and α are frequency dependent, however for sake of
simplicity, in following sections ideal values are assumed, i.e.
gm being constant and α being unity.

From the behavioral point of view, the CFTA can be repre-
sented as an interconnection of the Current Follower (CF) and
Balanced-Output Transconductance Amplifier (BOTA) as it is
shown in Fig. 2. The input of the current follower corresponds
to the input terminal f of CFTA Fig. 2(a). The output of the
current follower is interconnected with the negative voltage
input of BOTA whereas this node also represents the auxiliary
voltage input z. Based on the transconductance gm of BOTA,
the voltage at the z terminal is converted to corresponding
currents ix+ and ix−. Thanks to the usage of BOTA, there is
a potential of the transconductance gm being electronically
tuned [24]. Therefore, the parameters of function blocks
employing CFTA elements might be also tuned once proper
CMOS implementation of the CFTA is used [25]. Based on
the description of the behavior of the CFTA, its basic CMOS
implementation can be used as shown in Fig. 2(b) [26]. Other
possible CMOS or bipolar implementations of CFTA can be
found e.g. in [27], [28].

In Fig. 3(a) possible implementation of CFTA using readily
available integrated circuits is shown. Here, to implement
the current follower, the current feedback amplifier AD844
[29] is used. The current follower can be also implemented
using e.g. OPA861 [30]. The second part of CFTA represented
by an OTA can be implemented using MAX435 [31]. Pos-
sible realization of a multiple-output CFTA (MO-CFTA) is
shown in Fig. 3(b) [32], where the second generation current
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Fig. 2. Implementation of CFTA (a) interconnecting CF and BOTA, (b)
CMOS implementation [26]

conveyor CCII+/– and Universal Current Conveyor (UCC)
are used. Such interconnection is suitable for experimental
measurements as the UCC together with CCII are part of
the UCC-N1B integrated circuit, which in cooperation with
Brno University of Technology has been designed by ON
Semiconductor Ltd. [33], however, it is currently available
only in laboratory samples. Note that in Fig. 3(b) using
the ZS− instead of ZS+ as an output terminal z, the MO-
ICFTA (Multiple-Output Inverting CFTA) [34], which is also
referred to as MO-CITA (Multiple-Output Current Inverter
Transconductance Amplifier) [35], can be simply implemented
using UCC-N1B.

B. Active Element Application Possibilities

Since the presentation of the CFTA, it has found its appli-
cation possibilities in both linear and non-linear analog signal
processing and function block design.

Mainly, it is employed in current- and voltage-mode multi-
function frequency filters [10], [25], [27], [28], [32], [36]-[55].
E.g. in [32] three CFTAs are used to realize a current-mode
single-input-multi-output second-order filter that features pole-
frequency adjustment without varying quality factor of the
pass-band gain. In the literature, research results that focus
just on all-pass frequency filter design can be also found [56]-
[60].

The proposed all-pass filters can be subsequently used for
the design of oscillators as it is shown in [57] and [58].
However, the CFTA can be also used for direct quadrature
and multi-phase oscillator design as presented in [61]-[67].

Assuming non-linear function blocks, the CFTA has been
used to implement square-rooting circuits, multipliers, di-
viders, half-wave and full-wave rectifiers [68]-[72].
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Fig. 3. Implementation of CFTA using (a) AD844 and MAX435, (b)
Universal Current Conveyor (UCC)

Following the purpose of this paper, the current follower
transconductance amplifier has found its application possibil-
ities also in synthetic element design. The main focus is on
the design of floating or grounded lossy or lossless inductor
simulators [73]-[78]. In [73] using three CFTAs, the floating
lossless inductor simulator is presented that can be easily used
to design a grounded lossless inductor. Furthermore, in [73]
using four active elements a floating capacitor simulator is pre-
sented. Simplifying the circuit solution of the floating inductor
simulator from [73], the grounded lossless inductor using only
two active elements and single grounded capacitor is presented
in [74]. Using the V-I signal flow graph approach, the structure
of grounded inductor simulator is presented in [75], which
is, however, the same as in [74]. To reduce the number of
active elements in floating lossless inductance simulator in
[73], a modified version of CFTA, namely the Z-copy CFTA
has been used. The structure in [76] uses only two active
elements and single grounded capacitor, however, an external
resistor is required. The grounded lossless inductor simulator
of minimal configuration is presented in [77]. The solution is
generally based on the circuit presented in [76], where the
external resistor is now assumed to the intrinsic resistance
of the active element - the CCCFTA (Current Controlled
Current Follower Transconductance Amplifier). So far, the
most complex paper dealing with the basic synthetic element
design using CFTAs is [78], where the circuit solutions of
inductor simulator, capacitance multiplier and also resistor
simulator both floating and grounded are presented. However,
in some cases the solutions presented in [78] operate only
with ideal active elements. Following our previous results
presented in [79], using the M-C signal flow graph approach,
in this paper we present the design procedure of synthetic
elements, where alternative and correct circuit solutions of
basic synthetic elements are discussed.

III. FLOATING AND GROUNDED SYNTHETIC ELEMENTS
DESIGN

While designing synthetic elements, the researchers mainly
focus on the design of lossless or lossy grounded or floating
synthetic inductor. The theory of synthetic elements can be
further generalized where also other basic passive element
interconnections can be realized using active elements to
provide e.g. simple electronic adjustment of the designed
function block’s parameters.

Here, once designing floating and grounded synthetic pas-
sive element, not only the the final circuit solutions are
presented but also using the M-C signal flow representation of
the passive components corresponding active circuit solution
is determined.

A. M-C signal flow Graph Theory

Generally, a M-C signal flow graph is more used for sake
of analysis of some known circuit rather than for a synthesis.
However, e.g. in [15], the advantage of the signal flow graph
design approach has been shown. To determine a relation or
transfer function between two selected nodes (input X and
output Y ) in a graph the Mason’s gain formula [80]:

K =
Y

X
=

1

∆

∑
i

Pi∆i (2)

should be used, where Pi is the transfer of the ith direct path
from the input node X to the output node Y , and ∆ is the
determinant of the signal flow graph:

∆ = V −
∑
k

S
(k)
1 V

(k)
1 +

∑
l

S
(l)
2 V

(l)
2 −

∑
l

S
(m)
3 V

(m)
3 ..., (3)

where V is the product of the self-loops, S(k)
1 is the transfer of

the kth oriented loop and V (k)
1 is the product of all self-loops

not touching the kth oriented loop; S(l)
2 is the transfer product

of two mutually not touching oriented loops and V
(l)
2 is the

product of the self-loops not touching the lth oriented loops.
In case that an oriented loop or kth direct path is touching
all nodes, then the product V or ∆k is unity. In (2) ∆i is the
determinant of that part of the graph that is not touching the
ith direct path.

It can be obvious that except the knowledge of the Mason’s
gain formula, it is also necessary to know the corresponding
M-C graph of the active element. According to (1) the reduced
M-C flow graph of the CFTA active element is shown in Fig. 4,
where ideal behavior of the active element is assumed, i.e. α =
1. In Fig. 4 Yi represents the sum of admittances connected
to the corresponding (i) terminal of the active element.

Based on the signal flow graph of the basic passive ele-
ments, and in some cases of their parallel interconnection,
using the CFTA corresponding M-C flow graphs representing
an active solution of the immittance simulator are determined.

B. Floating Lossless Inductor Simulator

To define the equivalent active solution of a floating induc-
tor, the general admittances YA and YB are used as shown in
Fig. 5. These general admittances represent parts of the circuit
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Fig. 5. (a) Floating passive inductor connected in to a circuit (represented
by admittances YA and YB), (b) corresponding signal flow graph

that are interconnected with the inductor. In the corresponding
signal flow graph (Fig. 5(b)), the general admittances at the
input and output of the inductor are present only to show their
influence on the gain of the corresponding self-loops. Using
(2) following transfer function can be obtained:

v1
iB

=
v2
iA

=
1

sLYAYB + YA + YB
, (4)

which generally corresponds to a floating element.
Before presenting the determined signal flow graph of the

active inductor simulator, it is suitable to shortly describe
the features of the signal flow graph from Fig. 5(b). Once
assuming the input and output node according to (4) there is
only single direct path between these nodes and the signal flow
graph consists only of two mutually touching oriented loops.
Such properties should also feature the signal flow graph of
the inductance simulator using CFTAs.

In Fig. 6(a) the signal flow graph of the active lossless
floating inductor simulator is shown. This signal flow graph
also generally consists of two mutually touching oriented loops
and the using (2) the transfer function can be found as:

vz3
iA

=
gm1gm2

sCLYAYB + YAgm2gm3 + YBgm1gm2
, (5a)

vz1
iB

=
gm2gm3

sCLYAYB + YAgm2gm3 + YBgm1gm2
, (5b)

which in general corresponds to (4) and once we assume:

CL = Lgm1gm2, (6)

while gm1 = gm3 then (4) and (5) become identical. According
to Fig. 6(a) the circuit representation of the floating inductor
simulator using three CFTAs (being identical with the solution
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Fig. 6. (a) Signal flow graph of the floating inductor simulator using CFTAs,
(b) circuit representation
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Fig. 7. Optimized solution of the floating inductor simulator using CFTAs:
(a) signal flow graph, (b) circuit representation

presented in [78]) is shown in Fig. 6(b), whereas the equivalent
inductance is determined as:

Leq =
CL

gm1gm2
, (7)

once gm1 = gm3.
The structure of the floating inductor simulator in Fig. 6 can

be further optimized as it is shown in Fig. 7. In practice this
optimization results in better performance of the inductor sim-
ulator at higher frequencies as the capacitor CL is connected
only to the z terminal of CFTA2.

C. Grounded Lossless Inductor Simulator

The circuit solution of an grounded lossless inductor simu-
lator can be determined from Fig. 6 or Fig. 7. Using the signal
flow graph approach, the assumed representation of a passive
inductor connected to a circuit together with the corresponding
signal flow graph is shown in Fig. 8.

International Journal of Advances in Telecommunications, Electrotechnics, Signals and Systems Vol. 4, No. 1 (2015)

18



1YA YBv1

iA iB
iL L

(a)

sLiL

v1

YA+YBiA

1

1–1

iB

1

(b)

Fig. 8. (a) Grounded passive inductor connected in to a circuit, (b)
corresponding signal flow graph

vz1

YA+YBiA

1

iB

1

–1

–1

1

gm1

–gm2

1

sCLvz2

if1 if2

(a)

CFTA1+/‒

x+

x‒
f

z

CFTA2+/‒

x+

x‒
f

z

YA YB
CL

(b)

Fig. 9. (a) Signal flow graph of the grounded inductor simulator using
CFTAs, (b) circuit representation

The transfer function of the signal flow graph is:

v1
iB

=
sL

sL(YA + YB) + 1
. (8)

Following the features of the signal flow graph from
Fig. 8(b), signal flow graph using active elements can be
defined as shown in Fig. 9(a). The transfer function of
signal flow graph of the grounded inductor simulator can be
determined as:

vz1
iB

=
sCL

sCL(YA + YB) + gm1gm2
. (9)

Assuming (6), then (9) and (8) become identical and hence
the circuit solution in Fig. 9(b) represents an active simulator
of a grounded lossless inductor with the equivalent inductance
given by (7).

D. Floating Capacitor Multiplier

Generally, it is not difficult to produce neither grounded or
floating capacitor in the integrated form nowadays. However,
based on the technology used the capacitance of such capac-
itors is limited to tents of pF. Therefore, capacitor multiplies
are useful function blocks once higher capacitances have to be
used. Furthermore, using suitable active elements, the value of
the capacitor can be easily adjusted, if required.

To derive the active floating capacitor multiplier, a floating
capacitor C is assumed as shown in Fig. 10. The transfer
function of the signal flow graph from Fig. 10(b) can be
determined as:

v1
iB

=
v2
iA

=
sC

sCYA + sCYB + YAYB
. (10)

As it is obvious from Fig. 10(b) the signal flow graph has
only single oriented loop with the gain s2C2, which is typical
for floating passive elements represented as admittances in

a graph. Therefore, to avoid the use of a floating capacitor
in the active capacitor multiplier and still obtain the transfer
function sufficient number of terms, the signal flow graph must
contain of three mutually touching loops and furthermore,
the corresponding signal flow graph must contain a high-
impedance node, which in Fig. 11(a) is characterized by zero
self-loop gain.

The transfer characteristic of the signal flow graph from
Fig. 11(a) is:

vz3
iA

=
sCggm1gm2

sCggm2(YAgm3 + YBgm1) + YAYBgm4gm5
, (11a)

vz1
iB

=
sCggm2gm3

sCggm2(YAgm3 + YBgm1) + YAYBgm4gm5
. (11b)

Comparing (10) and (11) the equivalent value of the floating
capacitor can be determined as:

Ceq =
gm1gm2

gm4gm5
Cg, (12)

while it must hold gm1 = gm3.
Comparing the circuit solution of the capacitor multiplier

from Fig. 11(b) (or its signal flow graph in Fig. 11(a)) to the
floating inductor simulator from Fig. 6(b) and the grounded
inductor simulator from Fig. 9(b) it can be observed that
the capacitor multiplier represents an interconnection of the
floating inductor simulator, where instead of a capacitor CL the
grounded inductor simulator is connected. This feature fully
corresponds to the circuit theory, e.g. [81].

Similarly, as the floating inductor simulator has been opti-
mized, also an optimized solution of the capacitor multiplier
can be described as shown in Fig. 12(b). Furthermore, using
MO-CFTA, the number of active elements could be limited
by one. This optimization step can be more obvious from the
signal flow graph in Fig. 12(a) that has the transfer function
defined as:
vz3
iA

=
sCggm1gm2

sCggm2(YAgm3 + YBgm1) + YAYBgm2gm4
, (13a)

vz1
iB

=
sCggm2gm3

sCggm2(YAgm3 + YBgm1) + YAYBgm2gm4
. (13b)

Subsequently, using the optimized circuit solution from
Fig. 12(b) for the equivalent value of the floating capacitor
it holds:

Ceq =
gm1

gm4
Cg, (14)

whereas gm1 = gm3.
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Fig. 10. (a) Floating passive capacitor connected in to an external circuit,
(b) corresponding signal flow graph
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CFTAs, (b) circuit representation
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A capacitance multiplier using three CFTAs and one MO-
CFTA is also presented in [78]. As shown in Fig. 13(a), in
this solution only the OTA part of the two active elements is
used. As the current follower part of CFTA2 and CFTA4 is
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Fig. 13. (a) Floating capacitor multiplier from [78] with grounded f
terminals, (b) correct solution with f terminals being floating

not employed the authors connect the current input terminals
f to the ground. Such treatment of unused ports of the active
element has no influence on the behavior of the function block
once ideal active elements are assumed. However, in practice
the unused f terminals must be left open to ensure current
if being zero as shown in Fig. 13(b) or should be used as
functional as shown in Fig. 12(b). Note that the notation
(polarity) of the x terminals in Fig. 13(a) differ from the
notation used in the original solution presented in [78], which
is caused by different active element description used in [78].

E. Grounded Capacitor Multiplier

Once employing synthetic inductors or any other synthetic
element in the designed structure of a function block that
using active elements can be tuned, simple passive capacitors
generally to not need to be implemented using active elements.
However, for sake of completeness, we also present the
grounded capacitor multiplier that can be used if required.

Using signal flow graph, the grounded passive capacitor
connected to a circuit can be represented as shown in Fig. 14.
The transfer function of the graph can be determined as:

v1
iA

=
1

sC + YA + YB
. (15)

The signal flow graph of the grounded capacitor multiplier
can be derived from the signal flow graph from Fig. 11(a),
where the one oriented loop has been omitted as it can be
obvious in Fig 15(a). For the transfer function of this graph it
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Fig. 14. (a) Grounded passive capacitor connected to a circuit, (b) corre-
sponding signal flow graph
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Fig. 15. (a) Signal flow graph of the grounded capacitor multiplier using
CFTAs, (b) corresponding circuit representation

holds:
vz1
iA

=
gm2gm3

gm1gm2sCg + gm2gm3(YA + YB)
. (16)

Comparing (16) and (15) the equivalent value of the grounded
capacitor equals to:

Ceq =
gm1

gm3
Cg, (17)

and the circuit realization of the grounded capacitor multiplier
using three CFTAs is shown in Fig. 15(b).

F. Floating Resistor Simulator
Using the CFTAs a floating resistor simulator can also be

easily implemented. Following the theoretical background pre-
sented in previous sections, the passive resistor R is connected
to a circuit represented by general admittances YA and YB as
shown in Fig. 16(a). In the corresponding signal flow graph,
the resistor is expressed by its conductivity G (Fig. 16(b)) and
the transfer function of this graph is given as:

v1
iB

=
v2
iA

=
G

GYA +GYB + YA + YB
. (18)

Similarly as in case of the floating capacitor multiplier,
the signal flow graph of the active resistor simulator cannot
be determined directly. To design an active floating resistor
simulator two CFTAs are used that in the signal flow graph
create three oriented loops as shown in Fig. 17(a). The transfer
functions of this graph are:

vz2
iA

=
gm1

gm2YA + gm1YB + YAYB
, (19a)

21YA YB

v1 v2
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R
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G
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Fig. 16. (a) Floating passive resistor connected to a circuit, (b) corresponding
signal flow graph
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Fig. 17. (a) Signal flow graph of the floating resistor simulator using CFTAs,
(b) corresponding circuit representation

vz1
iB

=
gm2

gm2YA + gm1YB + YAYB
. (19b)

Comparing (18) and (19) it is evident that it must hold gm1 =
gm2 = gm and the equivalent value of the floating resistor
equals to:

Req =
1

gm
. (20)

The corresponding representation of the floating resistor sim-
ulator is shown in Fig. 17(b).

G. Grounded Resistor Simulator

From the basic passive elements, also the grounded resistor
can be implemented using active elements. The representation
of a passive resistor connected into a circuit and the corre-
sponding part of the signal flow graph is shown in Fig. 18.
The transfer function of the signal flow graph from Fig. 18(b)
is given as:

v1
iA

=
1

G+ YA + YB
. (21)

The signal flow graph featuring the same transfer function
using active elements can be determined from Fig. 17(a) by
proper simplification as shown in Fig. 19(a). This signal flow
graph contains only single oriented loop and for its transfer
function it holds:

vz
iA

=
1

YA + YB + gm
. (22)
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Fig. 18. (a) Grounded passive resistor connected to a circuit, (b) correspond-
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Fig. 19. (a) Signal flow graph of the grounded resistor simulator using CFTA,
(b) corresponding circuit representation

The circuit solution using single CFTA is shown in
Fig. 19(b) with the equivalent resistance given by (20).

As shown, using the signal flow graph approach it is
possible to design active representation of passive elements,
both floating and grounded, which can be with advantage
used e.g. for frequency filter design that is based on a passive
prototype.

IV. APPLICATION OF PROPOSED SYNTHETIC ELEMENTS

To show the operation and functionality of the proposed
synthetic elements described in previous section, some of them
are used in simple frequency filters. All the circuits presented
in this section were simulated using Spice, whereas the CFTA
has been implemented using the UCC-N1B model as shown
in Fig. 3(b).

A. Low-pass Frequency Filter

In Fig. 20 the second-order low-pass filter is shown. Here,
the floating inductor L is replaced by the corresponding active
inductor simulator from Fig. 6(b) and also by active inductor
simulator from Fig. 7(b) as shown in Fig. 21.

For the transfer function of the passive prototype from
Fig. 20 it holds:

Kpas =
G

s2LCG+ sC +G
. (23)

and the transfer function of the active filters from Fig. 21 can
be determined as:

Kact =
Ggm1gm2

s2CLCG+ sCgm1gm2 +Ggm2gm3
, (24)

whereas it must hold gm1 = gm3.
The quality factor Q and angular pole-frequency ω0 are:

Q = G

√
L

C
= G

√
CL

C

1

gm1gm2
, (25a)
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Fig. 20. Passive prototype of low-pass filter
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Fig. 21. Active low-pass frequency filter; floating inductor replaced by
inductor simulator (a) from Fig. 6(b), (b) from Fig. 7(b)

ω0 = 2πf0 =
1√
LC

=

√
gm1gm2

CLC
. (25b)

Using (25), for Q = 0.707 and f0 = 100 kHz, the values
of passive elements can be determined as: R = 1 kΩ, C =
2.2 nF and L = 1 mH. According to (7), for the active filter
we can select CL = 2.2 nF, gm1 = gm3 = 1/820 S and
gm2 = 1/560 S. The simulation results of the transfer function
magnitude are shown and compared in Fig. 22. It is evident
that the magnitudes are nearly the same hence, the behavior
of the floating inductor simulators is correct.

B. High-pass Frequency Filter

The use of the grounded loss-less inductor simulator from
Fig. 9(b) is shown on the design of high-pass filter. The passive
prototype of the filter is in Fig. 23(a) and the corresponding
solution using CFTAs is in Fig. 23(b).

The voltage transfer function of the passive and active high-
pass filter are:

Kpas =
s2LCG

s2LCG+ sC +G
, (26a)

Kact =
s2CLCG

s2CLCG+ sCgm1gm2 +Ggm1gm2
, (26b)

respectively.
The quality factor Q and the angular pole-frequency ω0

equal to (25). Hence, for Q = 0.707 and f0 = 100 kHz,
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Fig. 23. High-pass frequency filter: (a) passive prototype, (b) filter using
inductance simulator from Fig. 9(b)

the values of the passive are R = 1 kΩ, C = 2.2 nF and
L = 1 mH. According to (7), for the active filter we can select
CL = 2.2 nF, gm1 = gm3 = 1/820 S and gm2 = 1/560 S.
The simulation results of the transfer function magnitude of the
passive and active filter solution are shown and compared in
Fig. 24. Also here, the magnitudes for the passive and active
are nearly the same, which confirms the operability of the
inductor simulator. Due to the frequency limitations of the
active elements used, which is approx. 30 MHz [33], the gain
of the active high-pass filter drops. The affect of the active
elements at high frequencies can be also observed in case of
the low-pass filter (Fig. 22), however, the higher attenuation
in this frequency rage is not detrimental.

C. Band-pass Frequency Filter

To show the operation of the floating capacitor multiplier
from Fig. 12(b) it has been used to design a band-pass
filter according to the passive prototype from Fig. 25(a). The
transfer function of the passive filter is:

Kpas =
sC

sLCG+ sC +G
. (27)

To present the performance only of the capacitor multiplier,
the floating inductor has not been replaced by its proper
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Fig. 25. Band-pass frequency filter: (a) passive prototype, (b) filter using
capacitor multiplier from Fig. 12(b)

simulator and the final active band-pass filter is shown in
Fig. 25(b). The transfer function of the filter is:

Kact =
sCggm1gm2

s2LCgGgm1gm2 + sCggm2gm3 +Ggm2gm4
. (28)

The quality factor Q and the angular pole-frequency ω0 of
the band-pass filters from Fig. 25 are:

Q = G

√
L

C
=

G

gm3

√
Lgm1gm4

Cg
, (29a)

ω0 =
1√
LC

=

√
gm4

LCggm1
. (29b)

Using (29), for Q = 0.707 and f0 = 100 kHz, the values of
passive elements are R = 1 kΩ, C = 2.2 nF and L = 1 mH. In
case of the filter using capacitor multiplier, according to (12)
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the following values selected: gm1 = gm2 = gm3 = 1 mS,
gm4 = 1/2.2 mS, and Cg = 1 nF to obtain the equivalent
value of the floating capacitor C. The simulation results of
the band-pass filter are shown in Fig. 26. Based on the
results, also in this case it can be stated that the behavior
of the proposed floating capacitor multiplier corresponds to
the theoretical presumptions. Similarly as in previous cases,
at higher frequencies the affect of the active elements can be
observed as the attenuation is higher than it is for passive filter.
Anyway, in this case such behavior also does not represent a
problem.

D. Active-C Band-pass Filter

In previous subsection dealing with the design of band-
pass filter, only the floating capacitor has been replaced by
its synthetic element (Fig. 25(b)). However, in the passive
prototype from Fig. 25(a) (and actually in any other passive
circuit), all the passive elements can be replaced by their
corresponding active solution presented in section III. Hence,
active-C band-pass filter can be proposed as shown in Fig. 27
(see next page) that is described by the following transfer
function:

Kactive−C =
sCggmC1gmL1gmL2

s2CLCggmC1gmR + sCggmC1gmL1gmL2+
+gmL1gmL2gmRgmC4

,

(30)
whereas according to synthetic elements solutions described
in section III gmC1 = gmC3 and gmL1 = gmL3.

Similarly to the previous cases, the angular pole-frequency
ω0 and quality factor Q of the active-C band pass filter can
be defined:

ω0 =

√
gmL1gmL2gmC4

CLCggmC1
, (31a)

Q = gmR

√
CL

Cg

√
gmC4

gmC1gmL1gmL2
. (31b)

Using (31), for Q = 0.707 and f0 = 100 kHz, the param-
eters of the active elements are as follows: gmL1 = gmL3 =
1/820 S, gmL2 = 1/560 S, gmC1 = gmC2 = gmC3 = 1 mS,
gmC4 = 1/2.2 mS, and gmR = 1 mS. The values of the two
grounded capacitors are CL = 2.2 nF and Cg = 1 nF. The
simulation results of the transfer function magnitude of the
active-C band-pass filter from Fig. 27 are shown in Fig. 26.
Here, the behavior of the active-C filter can be compared with
the passive filter from Fig. 25(a) and band-pass filter from
Fig. 25(b), where only the floating capacitor has been replaced
by the corresponding floating capacitor multiplier. As it can
be seen, also the properties of active-C filter are satisfactory
and agree very well to theoretical presumptions.

V. CONCLUSION

In this paper, a short overview of application possibilities of
the current follower transconductance amplifier (CFTA) active
element has been presented. The main attention has been paid
to the use of this active element for synthetic element design.
Using the signal flow graph approach, except the design of
synthetic inductors, also possible realizations of floating and
grounded capacitors and resistors were described, where the
value of these passive elements can be adjusted by means of
active elements parameters. The performance of the selected
synthetic elements has been shown on the design of simple
frequency filters. The obtained simulation results show that
the proposed structures are suitable for active-only frequency
filter design, where only grounded capacitors are used.
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