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Abstract. In this paper a review on design perspective of current-mode current differential trans-conductance
ampliﬁer (CDTA) is presented for the state of the art analog signal processing/generating modules design as the
main objective. The CDTA circuits are classiﬁed according to the active element used for the design with all
related parameters taken into consideration. Likelihood implementations of different analog signal processing/generating modules are covered and a comparison of their main parameters trans-conductance, bandwidth,
port impedances and power consumption is given. The feasibility of implementing with a lesser area is also
considered from the VLSI design viewpoint. The review concludes with CDTA structures with the best possible
parameters obtained and future possibilities.
Keywords. Current differential trans-conductance ampliﬁer (CDTA); analog signal processing/generating
modules; current mode; trans-conductance (gm); bandwidth (BW); power consumption.

1. Introduction
In IC design, as the device dimension is continuously
shrinking, current-mode approach for designing analog
signal processing circuits is gaining more attention than
voltage mode because of wide bandwidth and wide
dynamic range possible in current-mode circuits. A versatile device working purely in current mode rather than
voltage mode is the current differential trans-conductance
ampliﬁer (CDTA); it accepts inputs as currents and produces output again as current, hence gaining importance
and is extremely useful in designing recent analog modules
for low power consumption and high-frequency applications [1–6].
CDTA’s are capable of implementing a variety of
functions and are useful in numerous applications in analog
signal processing/generating circuits. A few applications as
mentioned in literature are multipliers [3, 7–11], modulators [3, 12, 13], rectiﬁers [6, 7, 14–17], squarer and square
rooter circuits [8], peak detectors [16], track and hold [16],
Schmitt triggers [18–20], nth-order, KHN, bi-quad, reconﬁgurable, trans-admittance and frequency-agile ﬁlters
[21–41], oscillators [42–52], current limiters [53], inductance simulation circuits [9, 54–56], integrators [57] and
decremental/incremental memristor emulators [58]. Due to
the long list of practical applications possible, CDTA with
current as input and output seems to be a promising
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building block for the current-mode signal processing in the
near future.
Furthermore, CDTA can be considered as a basic element to implement the re-conﬁgurable analog modules
using a ﬁeld-programmable analog array (FPAA). The reconﬁgurability is an extremely important and highly
desirable feature in application areas of the semiconductor
industry because it provides ﬂexibility in customizing the
application and practical implementation without designing
a chip for each individual case. A number of analog signal
processing functions can be implemented easily onto the
FPAA and can be reprogrammed to reconﬁgure its circuit
for different applications [8, 59].
In the last one and half decades, a great number of
studies on CDTA have been reported in the literature
[1–65, 73–122]. Researchers have developed novel designs
and a number of applications have been implemented using
the same. Initially, Biolek [62] proposed the concept of
CDTA in 2003 as a combination of the current difference
unit (CDU) followed by an operational trans-conductance
ampliﬁer (OTA); later the author implemented its circuit
using MOS transistors in 2006 and veriﬁed its practical
utility using KHN ﬁlter implementation [63]. In parallel,
Kuntman also implemented its circuit in 2007 [64]. Later a
number of researchers have proposed its implementation in
various ways, using either BJT as a basic element or MOS
transistor. Huge number of applications using CDTA have
been shown in the past by these researchers for linear as
well as non-linear applications. Filter implementation of
various kinds to nonlinear applications like a modulator in
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the communication system has been successfully implemented and tested using up to 180-nm technology parameters to date.
Depending upon the basic element used to implement the
CDTA structure, the reported CDTA can be broadly categorized as either BJT-based CDTA or MOS-based CDTA.
The main feature of BJT-based CDTA is its high transconductance in comparison with MOSFET, while the latter
has several other feature beneﬁts. MOS-based CDTA,
which may again be reclassiﬁed as CMOS-based or NMOSbased CDTA structure, can have lesser power consumption
and better port impedances in comparison with BJT-based
CDTA; also it occupies less area during manufacturing and
hence is more suitable for VLSI applications as per market
demand. Further, CMOS-based devices have lesser power
consumption in comparison with NMOS based; however,
because of PMOS in the picture due to lesser mobility of
holes in comparison with electrons, NMOS-based CDTAs
are expected to give a wider bandwidth than CMOS-based
CDTAs.
This paper is organized as follows. In section 2 ﬁrst of all
the basic CDTA concept proposed by Biolek
[5, 6, 60, 62, 63] is introduced. In the third section CDTA
structures, based on CMOS as a basic element, are
reviewed, followed by CDTA structures based on BJT as
the basic element in section 4 and CDTA structures based
on NMOS as the basic element in section 5. Section 6
includes the bulk-driven concept as a special class since it
is especially suited for low-voltage low-power applications.
The parameters of CDTAs are ﬁrst compared in the third to
sixth sections based on different CDTA structures with the
same basic element proposed by these authors followed by
section 7, which covers the result comparison of selected
CDTAs from all these previous tables. In this section transconductance and bandwidth, as well as input–output port
impedances of all existing CDTAs, have been compared to
evaluate the best performance for practical applications.
The best results obtained based on this comparative study
are mentioned here. Finally, concluding remarks cover the
best evaluated CDTA as per performance index and practical utility of the same. This section also covers the future
possibilities for CDTA implementation and its applications.

2. Description of basic CDTA block
The basic symbol of CDTA as proposed by Biolek [62] in
2003 with its equivalent behavioural model is shown in
ﬁgure 1(a) and (b). It has a total of ﬁve terminals – two
inputs p and n, one auxiliary z and two output terminals x?
and x-.
Both the input terminals p and n take input as current Ip
and In, and produce an output equivalent to the difference
of the two at auxiliary terminal z. The difference current Iz
at this auxiliary terminal then produces an equivalent
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Figure 1. (a) Basic symbol of CDTA, (b) equivalent behavioural
model of basic CDTA element and (c) parasitic model of CDTA.

voltage Vz by passing it through an external impedance.
This voltage Vz then works as input for the next stage,
which produces an output current with dual polarity at its
output terminal Ix? and Ix–, respectively.
Following set of equations characterize the basic CDTA:
Iz ¼DI ¼ Ip  In
Vp ¼Vn ¼ 0
Vz ¼Iz  Z
Ixþ ¼gmVz and Ix ¼ gmVz:
where Z is the external impedance connected at the z terminal to produce voltage Vz when Iz current passes through
it.
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One desirable characteristic of CDTA that can be noted
at this stage is that it has a wider bandwidth than other basic
analog building blocks in the current mode because both of
its input ports, which take input as current Ip and In, are
virtually grounded, and hence the parasitics of the input
ports are relatively smaller.
Figure 1(c) shows the parasitic model of CDTA. If we
take parasitic input resistance Rp ¼ Rn ¼ Rin, resistance
and capacitance at auxiliary terminal z as Rz and Cz,
respectively, and resistance and capacitance at the output
terminal as Rx and Cx then the high-frequency term can be
approximated as [84]
fh ¼ 1=ð2p  Rin  CxÞ:
This clariﬁes that since input terminal parasitics are much
less in value, it has much wider bandwidth.
The basic implementation of CDTA block has a combination of two stages as shown in ﬁgure 2. The ﬁrst stage
consists of two current conveyors to implement the CDU,
which is then followed by dual-output OTA in the next
stage.
The currents Ip and In are applied at the input of two
current conveyors such that the difference current Ip  In
appears at the intermediate terminal Iz. Voltage Vz obtained
at this terminal serves the purpose of input source for the
next stage OTA. This OTA in dual mode is capable of
producing current in both directions, in and out, at its terminal Ixþ and Ix with a trans-conductance gain gm. The
current gain of CDTA can be easily controlled by tuning
this trans-conductance gain gm, which plays an important
role in designing signal processing circuits like ﬁlters,
oscillators, etc.
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3. CMOS-based CDTA
The concept of CDTA was ﬁrst introduced by Biolek [62]
in the proceedings of ECCTD in 2003 and its ﬁrst CMOS
implementation was given in 2006 [63, 65]. This ﬁrst basic
CDTA was implemented using two differential current
conveyors followed by a single-input double-current-output
OTA. In all 12 transistors for CDU and 12 transistors for
the OTA, a total of 24 MOS transistors, were used to
implement the CDTA circuit with 3 biasing currents and
dual supply voltage. This CDTA was implemented in
SPICE using 0.5-lm MIETEC transistor model parameters
with transistor aspect ratio variation from 4:1 to 16:1. The
trans-conductance for this CDTA was 0.479 mA/V at a
biasing current of 200 lA. The parameters are listed in
table 1 and CDTA circuit is shown in ﬁgure 3. A currentmode quadrature oscillator [65] and KHN ﬁlter [63] were
successfully implemented using this CDTA circuit.
The bandwidth obtained as shown in table 1 is 400 MHz;
this is much higher than the bandwidth that can be obtained
from an OPAMP, which is only up to a few MHz [66–72].
This gives a clear indication that this CDTA can operate for
a wider frequency range in comparison with OPAMPs and
other current/voltage-mode basic building blocks.
Biolek et al [5, 6] again introduced a new circuit for
CDTA in 2008. In this circuit, the CDU was implemented
using a voltage buffer with current mirrors and OTA was
realized using two inverting ampliﬁers with a dual output.
This OTA is basically a ﬂoating current source unit, which
is also used by Kuntman in his implementation [64].
Because of the voltage buffers used in the circuit at the
input stage, the input impedance is low as the terminals are
virtually grounded. The difference of the current is passed
Table 1. Summary of results for Biolek and co-workers
[5, 6, 50, 63, 65].
Parameter
Technology (lm)
No. of transistors
Transistor aspect ratio
Supply voltage(V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
Ix/Ip 3-dB bandwidth (MHz)
Ix/In 3-dB bandwidth (MHz)
p input resistance (X)
n input resistance (X)
z terminal resistance (X)
x? output resistance (X)
x- output resistance (X)
Power consumption (W)
Trans-conductance gm (lA/V)
Current range (Ip, In) (lA)
Current gain

Figure 2. Two-stage basic implementation of CDTA.

[5, 6]
0.35
26
1.8
1365
1142
1011
926
1.92
1.92
388k
16.30M
16.21M
6.31m
882
± 210
Ix=Ip ¼ 0:996

[50]
0.7

[63, 65]
0.5
24
4:1–16:1
2.5

10

400
400
260
7k
250
2k
3.48M 2.88k
2.2M
2.2M
1220
±1

479
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Figure 3. First CDTA implementation by Keskin et al [63].

to the z terminal using simple current mirrors in the circuit.
This CDTA was implemented in SPICE using 0.35-lm
TSMC CMOS technology parameters. The parameters are
listed in table 1 and CDTA circuit is shown in ﬁgure 4. A
precision full-wave rectiﬁer with Schottky diodes [6] and
current-mode biquad ﬁlter for LP, HP and BP functions [5]
were successfully implemented using this CDTA element.
The main feature of this CDTA is that it has a wider
bandwidth (1 GHz approximately) with much less input
terminal impedance (1.92 X only).
Uygur and Kuntman [64] proposed three different
implementation approaches to design CDTA in 2007. In the
ﬁrst approach the CDTA was proposed to design using two
current conveyors (CCII?) followed by an OTA, while in
the second approach the CDTA was proposed to design
using two current feedback ampliﬁers (CFAs) followed by
an OTA and in the third approach the CDTA was proposed
to design using the current difference buffered ampliﬁer
(CDBA) followed by an OTA. The authors realized the
CDTA circuit using a differential current-controlled current
source unit to implement CDU block and a ﬂoating current
source unit to implement OTA block. A total of 22 MOS
transistors were used to implement the CDTA circuit using
0.5-lm MIETEC parameters in SPICE. At this MOS transistor size, aspect ratio varies from 8:1 to 50:1; this is quite
high as far as layout symmetry is concerned. All parameter
values are listed in table 2 and the CDTA circuit is shown
in ﬁgure 5. The authors successfully implemented a

Figure 4. Second CDTA implementation by Biolek et al [5, 6].
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seventh-order elliptic video ﬁlter with pass-band ripple of
only 0.1 dB using this CDTA circuit.
On comparing results with those in [63] as listed in
table 1, these results show better input terminal impedances
while trans-conductance gm is slightly less than in [63].
Kacar and Kuntman [73] realized CDTA in 2011 by
combining differential current-controlled current source
unit for CDU with high-performance dual-output transconductor element for OTA. This OTA was made up of
linear trans-conductance elements, which were used in the
cross-coupled quad conﬁguration. A total of 60 transistors
were used to implement the CDTA, which is a high count in
comparison with previous works. The CDTA was implemented in PSPICE using TSMC 0.35-lm CMOS parameters with transistor aspect ratio variation from 1:1 to 32:1,
which is high. Parameter values are listed in table 2 and the
CDTA circuit is shown in ﬁgure 6. Filter circuits were
implemented using this CDTA to show the utility of the
same.
In comparison with the previous work [64], this CDTA
shows better 3-dB bandwidth at the z terminal with respect
to p as well as n terminal both due to differential design for
CDU and linear cross-coupled conﬁguration for trans-conductance elements. The power consumption is reduced, port
impedances also improve and trans-conductance is also a
bit higher as shown in table 2.
Alaybeyoglu, Guney, Altun and Kuntman [74] proposed
a new design in 2014. In this circuit, the positive feedback
approach was taken and a duplicate z-copy section was also
inserted at the auxiliary terminal to improve the current
capability of the CDTA. OTA was realized using a ﬂoating
current source. CDTA was implemented in the Cadence
environment using AMS 0.18-lm parameters with layout
design and post-layout simulations. Only 24 transistors
were used but with a variation in the transistor aspect ratio
of 4:1–333:1, which shows a great difference as far as
layout symmetry is concerned in the chip design industry.
Parameter values are listed in table 2 and CDTA circuit is
shown in ﬁgure 7. Filter applications were shown to prove
the viability of the CDTA circuit in [74] and current-mode
class 1 frequency-agile ﬁlter was realized using this CDTA
structure in [24].
On comparing the characteristics of this CDTA with
respect to [73], it is clear that it has less dynamic range as
well as its 3-dB frequency is also reduced at both p and n
terminals.
In 2014, Kacar and Basak [14] used the CDTA circuit of
[64] and proposed one more application of full-wave rectiﬁer using the same with some variation in feature size
only. At this case transistor size, aspect ratio variation was
from 1:1 to 10:1 only.
Alaybeyoglu and Kuntman [75] realized a new z-copy
CDTA in 2016 where they used a similar concept to design
CDU and OTA as in [64, 74] with one more section of
z-copy. For z-copy, authors used a third-generation current
conveyor to increase the current sensitivity of the z
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Table 2. Summary of results for Kuntman and co-workers [64, 73–76].
Parameter
Technology (lm)
No. of transistors
Transistor aspect ratio
Supply voltage(V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
p input resistance (X)
n input resistance (X)
z terminal resistance (X)
x? output resistance (X)
x- output resistance (X)
Power consumption (W)
Trans-conductance gm (lA/V)
Current range (lA)
Voltage Vz range (mV)

[76]
0.18
29
33:1–400:1
0.9
925
524
887.5
345.2
56.4k
45.7k
45.7k
3.88m
56.4
Iz100

[75]
0.18
36
0.9
692.8
540.3
600.2
233.7
129.8k / 62.2k
256.4k
256.4k
518.2l
Iz100
±210

[74]
0.18
24
4:1–333:1
1
238.8
174.6
263.7
164.1
242.6k
256.4k
256.4k
1.08m
51.7
Iz50

[73]
0.35
60
1:1–32:1
1.5
609
462
812
348
1.08M
178G
167G
3.61m

[64]
0.5
22
8:1–50:1
2.5
497
301
1.24k
834

4m
400

Io530
±240

Figure 7. CDTA implementation by Alaybeyoglu, Guney, Altun
and Kuntman [74].
Figure 5. CDTA implementation by Uygur and Kuntman [64].

Figure 6. CDTA implementation by Kacar and Kuntman [73].
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terminal. The total transistor count increases from 24 to 36
due to current-controlled current conveyor (CCII) section. This CDTA was implemented in the Cadence design
environment using AMS 0.18-lm CMOS parameters.
Parameter values are listed in table 2 and the CDTA circuit
is shown in ﬁgure 8. Filter circuits were successfully
implemented using this CDTA.
In comparison with the previous work [74], the power
consumption reduces from 1.08 mW to 518.26 lW only.
The 3-dB bandwidth as well as terminal resistances also
improved, but at the cost of more area considered in
designing the same.
Alaybeyoglu and Kuntman [23, 76] proposed one more
design of CDTA in 2016, which is a modiﬁed version of
[64]. In this design, CDU circuit is similar but OTA is
modiﬁed as a ﬂoating current source unit. This circuit uses
a total of 29 transistors with transistor size; aspect ratio
varies from 33:1 to 400:1, which is again quite high.
Parameter values are listed in table 2 and the CDTA circuit
is shown in ﬁgure 9. This CDTA was used to design a
frequency-agile ﬁlter structure for the positioning system
[76] and re-conﬁgurable ﬁlter structure [23].
This CDTA in comparison with the authors’ own previous work [75] consumes more power. The input port
impedances also increase, but a good sign is that 3-dB
bandwidth is increased in this case.
Yesil and Kacar [77] proposed the implementation of
BPF with high quality factor using CDTA of [63] in 2017
with one z-copy terminal, two x terminals and no x? terminal. This CDTA has no other additional features to be
taken into account further.
Jin and Wang used the CDTA circuit proposed by [63]
initially with one modiﬁcation of z-copy terminal [78–83]
and implemented a current-mode quadrature oscillator
using that of 2012 [78]. The authors further implemented
a four-phase quadrature oscillator using the same CDTAbased ﬁrst-order all-pass ﬁlter [79] and then again with
one more modiﬁcation in CDTA circuit with three output

Figure 9. CDTA implementation by Alaybeyoglu and Kuntman
[76].

terminals. Jin and Liang [80] successfully implemented a
resistor-less quadrature oscillator circuit in 2013. Further,
using cascaded blocks, Xu et al [81] implemented a
current differencing cascaded trans-conductance ampliﬁer
and also nth-order ﬁlters from it using a PSPICE simulation tool with 0.5-lm MIETEC transistor model
parameters. In 2014 Jin and Wang [82, 83] again proposed a new approach to design a CDTA circuit using
cross-coupling trans-conductors and a trans-linear loop
and also provided its possible implementation using
commercially available ICs. Parameter values are listed
in table 3 and the CDTA circuit of [82] is shown in
ﬁgure 10 with its implementation using commercially
available ICs in ﬁgure 11. Active ﬁlters and a quadrature
oscillator were successfully implemented using aforementioned CDTAs.
Xia et al [12] (2015) implemented a digitally programmable CDTA (DPCDTA), which was used to design
an AM/FM/FSK/PSK/ASK/QAM signal generator. Both
CDU and OTA inside CDTA are made programmable
using binary-weighted resistors such that the current in each
section can be easily increased or decreased using

Figure 8. CDTA implementation by Alaybeyoglu and Kuntman [75].
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Table 3. Summary of results for Wang and co-workers [4, 12, 82, 84].
Parameter
Technology (lm)
No. of transistors
Transistor aspect ratio
Supply voltage(V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
p input resistance (X)
n input resistance (X)
z terminal resistance (X)
x? output resistance (X)
x- output resistance (X)
Power consumption (W)
Trans-conductance gm (lA/V)
Current range (Ip, In) (lA)
Current Ix range (lA)
Voltage Vz range (V)
3-dB bandwidth of gm (MHz)

[4]

[84]

[12]

0.18
69

0.18
106

0.18
99

0.8
1.43G
1.15G
32
32
2.45M
1.33–5.86M
1.33–5.86M
1.79m
261–1.061 mA/V
± 100
± 367
± 0.34
810–1.417G

932.4
932.4
78.3
78.3
2.67M / 6.2M
4.7
4.7
1.53m
870
± 50
± 192
± 0.33
913.1

0.8
605
726
60.8
60.8
2.53M
1.36–7M
1.6M
4.1m
217–963.6
± 148
± 295
± 0.35
420–748

[82]
0.18
52
20:1–50:1
1.5

707 /866

Figure 10. CDTA implementation by Jin and Wang [82].

programmable switches. After applying the current division
rule in CDU block using the binary-weighted network,
there were three programmable OTA blocks in cascade to
enhance the functionality of the CDTA block. Because of
this reason, the total transistor count increased to 99 transistors for only three-bit digital code word to program. This
CDTA was implemented in the Cadence virtuoso analog
design environment with 0.18-lm CMOS process parameters. Parameter values are listed in table 3 and the CDTA
circuit is shown in ﬁgure 12.
This CDTA uses less supply voltage than all previous
ones and still it dissipates a little more power (4.1 mW)
because of the higher number of transistors used to increase
its functionality.

Hu, Wang, Xia and Kung [84] implemented a DPCDTA
using the current division network (CDN) in 2015. The
basic R–2R ladder structure concept of the current division
was applied to include digital programmability in the CDN
block of CDTA between CDU and OTA blocks. Two CCIIs
were used to implement CDU with both z and z-copy terminals and OTA was made more programmable using
switches. A total of a minimum of 106 transistors were used
to implement the CDTA with only a three-bit digital code
word, which is the highest count among all CDTAs
reviewed so far. Parameter values are listed in table 3 and
the CDTA circuit is shown in ﬁgure 13. Nth-order ﬁlters
with re-conﬁgurability features were successfully implemented using this CDTA.
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Figure 11. CDTA implementation using commercially available
ICs [82].

Since in this CDTA maximum number of transistors are
used, the chip size is large enough; as mentioned by the
author it is 197 lm  193 lm.
Xia, Wang, Kuang and Jin [4] proposed a new approach
to increase the bandwidth of CMOS-based CDTA in 2016.
The authors used a cascaded current mirror with an active
resistance compensation technique at low supply voltage to
improve the bandwidth of the CDTA. The increase in

bandwidth is possible by suitably selecting the active
resistance value, which can be easily achieved by varying
the parameters of MOSFET used as an active resistor for
this purpose. In this case, voltage biasing was used to linearly tune the trans-conductance of the circuit. In the CDU
section, a modiﬁed version of compound CCII was used
while a linear voltage trans-conductor was used to implement the OTA block. A total of 69 transistors are used to
implement this CDTA, which is however on the higher side
but less than in [17]. Cadence spectre with 0.18-lm CMOS
process parameters was used to implement the same.
Parameter values are listed in table 3 and the CDTA circuit
is shown in ﬁgure 14. Fully differential BPF was implemented using this CDTA.
On comparing, it is found that better bandwidth is
obtained in this case and power consumption is also
reduced with reference to the previous work [12].
Siripruchyanum and Jaikla [56] presented a currentcontrolled CDTA (CCCDTA) circuit in 2008. This
CCCDTA circuit uses a similar concept as in [63] to
implement the CDU and for OTA only one single pair of a
differential ampliﬁer is used, removing the current mirrors
from the same, which reduces the power dissipation in the
circuit but affects bandwidth of the circuit at the same time.
A total of only 25 transistors were used to implement the
circuit in Pspice using 0.35-lm CMOS technology

Figure 12. CDTA implementation by Xia et al [12].
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Figure 13. CDTA implementation by Hu, Wang, Xia and Kung [84].

Figure 14. CDTA implementation by Xia, Wang, Kuang and Jin [4].

parameters. Parameter values are listed in table 4 and the
CDTA circuit is shown in ﬁgure 15. A ﬂoating inductance
simulator, universal biquad ﬁlter and quadrature oscillator
were successfully implemented using this CCCDTA.
In comparison with other existing CDTAs this CCCDTA
provides less power dissipation (1.48 mW) but its port
resistances are high and it also provides lesser bandwidth.
Jaikla and Siripruchyanum [38] modiﬁed the circuit
given in [56] by cascading two OTA blocks in series and
realized a quadrature oscillator and universal biquad ﬁlter
using the same.
Kumngern, Lamun and Dejhan [85] implemented a
quadrature oscillator using basic CDTA of [63] with one
modiﬁcation of using 2 x? and 2 x- terminals to achieve
the results. The authors also realized the CDTA structure
using commercially available ICs AD 844 and LM 13600
as shown in ﬁgure 16. Parameter values are listed in
table 4.
Kumngern, Khwama and Junnapiya [27] and also
Kumngern and Chaichana [28] implemented the CDTA

circuit by simply cascading two blocks of OTA in series in
the basic structure of [65]. The authors successfully realized the current-mode universal ﬁlter in [27] and multifunction biquadratic ﬁlter in [28].
Jantakun and Jaikla [86] modiﬁed the basic CDTA circuit of [63] by introducing z and z-copy terminal as well as
2 x terminals and no x- terminal. Using this conﬁguration of
CCCDTA, the authors implemented a quadrature oscillator
with non-interactive dual-current control for both frequency
of oscillation and condition of oscillation. This circuit was
implemented in PSPICE using TSMC 0.25-lm CMOS
technology. The transistor aspect ratio variation was quite
high, ranging from 4:1 to 220:1.
Summart, Thongsopa and Jaikla [87, 88] presented a new
CDTA circuit concept in 2014. In this case the CDU consists of a ﬂipped voltage follower circuit with z and zc
terminals both followed by OTA, which is cascaded in two
stages. A total of only 30 transistors were used to implement the CDTA with a transistor aspect ratio variation from
3:1 to 40:1. Mentioned parameters are listed in table 4 and
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Table 4. Summary of results for Jaikla and co-workers [56, 85–88].
Parameter

[87]

Technology (lm)
No. of transistors
Transistor aspect ratio
Supply voltage (V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
Ix/Ip 3-dB bandwidth (MHz)
Ix/In 3-dB bandwidth (MHz)
p input resistance (X)
n input resistance (X)
z terminal resistance (X)
x output resistance (X)
Power consumption (W)
Trans-conductance gm (lA/V)
Current range (Ip, In) (lA)

0.35
20

[88]
0.35
30
3:1–40:1
1.5

Figure 15. CDTA implementation by Siripruchyanum and Jaikla
[56].

[86]
0.25
33
4:1–220:1
1.25

[85]
0.5
28

[56]
0.35
25

2.5

434

311
282
142
50
821–25.1k
821–25.1k
1.03M
999.01k
1.48m
0.25–1m
± 100 lA

the CDTA circuit is shown in ﬁgure 16. The current-mode
sinusoidal oscillator was successfully implemented using
this CDTA.
Prasad, Bhaskar and Singh [55, 89, 90] implemented
CDTA in 2009 [90] and then CCCDTA in 2011 [89]. The
CDU section of CDTA was implemented using current
mirrors and voltage buffers followed by the OTA circuit.
The structure of the OTA circuit is similar to that in [63]
consisting of an inverting ampliﬁer pair. In the case of
CCCDTA [89], two OTAs were cascaded in series to
improve the functionality of the same. A total of only 20
transistors were used to implement the CDTA circuit while
a total of 38 transistors were used to implement the

Figure 16. CDTA implementation by Summart, Thongsopa and Jaikla [87].
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Figure 17. CDTA implementation by Prasad, Bhaskar and Singh
[90].
Figure 20. CDTA implementation by the second approach of
Rai and Gupta [2].

Figure 18. CCCDTA implementation by Prasad, Bhaskar and
Singh [89].

CCCDTA circuit. PSPICE simulation with 0.5-lm MIETEC real transistor model was used to check the functionality of the same. CDTA circuit is shown in ﬁgure 17

while the CCCDTA circuit is shown in ﬁgure 18. Simulated
inductance circuit [55], quadrature oscillator [89] and
biquad ﬁlters [90] were successfully implemented using the
CDTA and CCCDTA.
Rai and Gupta [1, 2, 91, 92] proposed four different
approaches to implement CDTA with improved performance in 2015–2016. In all implementation approaches of
CDTA the CDU circuit was common and was the same as
that proposed in [63] while OTA was modiﬁed in different
ways, broadly two ways: the ﬁrst way to modify the OTA
portion was splitting transistor network from one to
n number of transistors in either one or both current-carrying sections of OTA while the second was to improve the
performance using positive feedback cross-coupled PMOS
to form a negative resistance so that trans-conductance
increased. A total of a minimum of 26 to a maximum of 40
transistors are used depending upon splitting network with
n from 1 to 5, which is quite good in comparison with other
CDTAs as far as the area of the chip is concerned. All
CDTA circuits were simulated using the Mentor Graphics
Eldo simulation tool and TSMC CMOS 0.18-lm process
parameters with aspect ratios of transistors in the moderate

Figure 19. CDTA implementation by the ﬁrst approach of Rai and Gupta [91].
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Table 5. Summary of results for Rai and Gupta [1, 2, 91, 92].
Parameter
Technology (lm)
No. of transistors
Transistor aspect ratio
Supply voltage (V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
Ix/Ip 3-dB bandwidth (MHz)
Ix/In 3-dB bandwidth (MHz)
p input resistance (X)
n input resistance (X)
z terminal resistance (X)
x? output resistance (X)
x- output resistance (X)
Power consumption (mW)
Trans-conductance gm (lA/V–mA/V)
Current range (Ip, In) (lA)
Voltage Vz range (mV)
3-dB bandwidth of gm (MHz)

[92]

[1]

0.18
32–40
4:1–16:1
2
205
165
123
103

0.18
26–34
4:1–10:1
2
1.52G
1.5G
78
82

2.94–4.85
1230–3.25

1.29–7.95
4230–14.01

± 200
221

100

Table 6. Summary of results for [15, 98].
Parameter
Technology (lm)
No. of transistors
Supply voltage (V)
p input resistance (X)
n input resistance (X)
Power consumption (mW)
Trans-conductance gm (lA/V)

[15]
0.35
34
1.8

14

[98]
0.35
26
1.8
1.92
1.92
19
880

[2]
0.18
26
4:1–10:1
2
3.13G
3G
52
59
2.84k
2.84k
109k
180k
202k
0.936–7.58
318.55–7.88
± 100
± 100
160

[91]
0.18
30–42
4:1–16:1
2
308
215
26
1.49k
1.13k
100.83k
196.22k
155.89k
2.62–8.75
67.17–13.26
± 200
26

range. Parameter values are listed in table 5 and two CDTA
circuits are shown in ﬁgures 19 and 20.
In comparison with other CDTAs it is obvious that the
trans-conductance of CDTA is improved, but with a compromise of two things: ﬁrst either bandwidth decreases
when splitting network increases to increase the value of
output current and second is the sensitivity issue that
appears due to cross-coupled PMOS network with positive
feedback.
Pandey and Pandey [15] presented a modiﬁed z-copy
CDTA (MZC-CDTA) in 2013. They use the basic CDTA
structure of [63] and include zc and zc- terminals in an out
of phase manner such that current gets reversed again and

Figure 21. CDTA implementation by Pandey and Pandey [15].

Sådhanå (2020)45:282
hence the rectiﬁed output is obtained. The CDU and OTA
structures were the same as in [63] with the only modiﬁcation of zc and zc- terminals for rectiﬁcation purpose. A
total of 34 transistors were used to implement the MZCCDTA and it was simulated in SPICE using 0.35-lm
TSMC CMOS technology parameters. Mentioned parameter values are listed in table 6 and the CDTA circuit is
shown in ﬁgure 21. The full-wave rectiﬁer is successfully
implemented using the MZC-CDTA in current mode;
however, the power dissipation is quite high in this case (14
mW).
Chen and Wang [93] implemented CDTA in 2014 by
combining CDU block of [65] with cross-connections in
OTA circuit and from this CDTA circuit they successfully
implemented the current-tunable four-phase quadrature
oscillator circuit.
Malcher [16, 94] modiﬁed the basic CDTA of [63] in
two ways in 2015. First, he included y-voltage instead
of the ground terminal in the CDU section of CDTA for
the current conveyor circuit. Later he used z with one
more z-copy terminal and also two x? terminals. Using
this conﬁguration he implemented a biquad ﬁlter circuit
with this CDTA [94]. The author also implemented the
CDTA circuit by introducing a current-controlled resistor (CCR) between the CDU and the trans-conductance
ampliﬁer in [16]. Bi-quadratic ﬁlter and quadrature
oscillator were implemented using the CDTA circuit of
[16].
Shah, Quadri and Iqbal [96] in 2007, Lahiri [97] in 2009
and Tangsrirat and Pukkalanun [98] in 2011 also modiﬁed
the basic CDTA circuit of [65] and obtained some applications like a quadrature oscillator, ﬁlter, etc. from the
same.
Horng [99] in 2009 followed by Horng, Lee and Wu
[100] in 2010 also implemented a third-order quadrature
oscillator from the CDTA circuit of [65] using HSPICE. Li,
Wang and Chen [43] implemented a current-mode fourphase quadrature oscillator circuit using three CDTAs and
three grounded capacitors.
From the study of all the literature related to CMOSbased CDTA design, the following conclusion may be
summarized:
1. CDU section can be realized using either two current
conveyors or CFAs or the current differential buffer
ampliﬁer. A number of researchers have implemented
CDU using two differential current conveyors; some
have used a voltage buffer with current mirrors while
some others have used a differential current-controlled
current source unit to implement the same. This differential current-controlled current source unit is widely
accepted as it can provide a better linear response but
CDU implementation using a voltage buffer with current
mirrors [5, 6] seems to be a better choice since it can
provide better virtual ground condition and less parasitics are observed in this case.
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2. An OTA block is generally realized using a linear
voltage trans-conductor or two inverting ampliﬁers with
a dual output. Widely used approach is the ﬁrst one as
this conﬁguration has the property that power dissipation
is comparatively less; however not much work has been
done using a ﬂoating current source unit, which has
sufﬁcient potential to control its dissipation by modifying its structure accordingly and also it can provide good
bandwidth response.
3. The possible implementation of CDTA using commercially available ICs presented so far proves its potential
that it can be utilized in real-time applications
successfully.
4. The best topology among all seems to be a differential
current-controlled current source unit followed by a
linear voltage trans-conductor with split transistor network from one to n number of transistors in either one or
both current-carrying sections of OTA [91] or with
positive feedback cross-coupled PMOS to form a
negative resistance [2]. It provides much better transconductance as current increases with the help of n split
transistors network and also by using a negative
resistance concept. With this conﬁguration the parasitics
are also much less at the input port as required. Further,
power consumption is also in a limit in this case since the
split network increases power consumption but it can be
controlled with the help of switches. One major drawback of this topology is that the split transistor network
reduces bandwidth and hence the high-frequency
response characteristics of this CDTA design.
5. Bandwidth enhancement of present CDTA structure is
still required. A good choice may be a ﬂoating source
unit instead of a voltage trans-conductor or some new
concepts need to be introduced for the same. A cascaded
current mirror is proposed in [4] with active resistance
compensation technique to improve the bandwidth of the
CDTA by varying the parameters of active resistor for
this purpose. This may be a good choice but efforts are
required to increase the trans-conductance in this case.

Figure 22. CDTA implementation by Tangsrirat, Pukkalanun
and Surakampontorn [53].
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Table 7. Summary of results for BJT-based CDTA [17, 105, 106, 118].
Parameter

[17]

No. of transistors
Supply voltage (V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
Ix/Ip 3-dB bandwidth (MHz)
Ix/In 3-dB bandwidth (MHz)
p & n terminal input resistance (X)
z terminal resistance (kX)
x? output resistance (kX)
x- output resistance (kX)
Power consumption (mW)
Trans-conductance gm (mA/V)

5

[118]
34
1.5

40
10

260

1

1.81
3.846

[106]
38
2.5

102M
121M
51
59
580
646
2.346

[105]
25
1.5
49
65
170k
170k
10k–47.2k
73.53
76.67
1.23
5n–51

4. BJT-based CDTA

Figure 23. CDTA implementation by Siripruchyanun and Jaikla
[105].

Tangsrirat, Pukkalanun and Surakampontorn [53, 101]
realized CDTA and a number of applications using the
same. In CDTA, the CDU was implemented using two
current followers and one current mirror followed by a
multiple output trans-conductance ampliﬁer. When only
one output terminal was taken, current limiters were synthesized [53]; however, with two x? and two x- terminals
[101], resistor-less all-pass ﬁlters and a quadrature sinusoidal oscillator were implemented. Using the same circuit
of [101], a sinusoidal oscillator was implemented in [102]
and multiplier, divider, square rooter and squarer were
implemented in [8]. Again, with a modiﬁcation of only two
x terminals only in the OTA section of the CDTA, the
sinusoidal oscillator was implemented in [14, 103] and a
multi-function ﬁlter was implemented in [37]. Further,

Figure 24. CDTA implementation by Jaikla, Siripruchyanun, Biolek and Biolkova [106].
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Figure 25. CDTA implementation by Li [110].

using three x? terminals and one x- terminal in OTA
section, a multi-phase sinusoidal oscillator was reported in
[104]. The CDTA circuit of [53] is shown in ﬁgure 22.
Siripruchyanun and Jaikla [105] implemented a CDTA
circuit in 2009 using NR200N and PR200N of AL400
transistor array from AT&T in PSPICE. For designing
CDU the mixed trans-linear loop was used, which was
biased using a current source through current mirrors. In
OTA, a simple dual inverting ampliﬁer pair is used whose
trans-conductance can be adjusted by varying the current
source. Parameter values are listed in table 7 and the CDTA
circuit is shown in ﬁgure 23. A ﬂoating inductance simulator, multiplier, divider and current-mode universal biquad
ﬁlter were successfully implemented using this CCCDTA.
The main advantage of this CCCDTA is that its transconductance can be easily varied from only 5 nA/V to 51
mA/V by varying the value of the current source.
Jaikla, Siripruchyanun, Biolek and Biolkova [106] realized CDTA with a similar concept as in [105] with some
changes in the OTA section by inserting more number of
output terminals for obtaining the desired results for a
multi-phase sinusoidal oscillator using the same. Parameter

Figure 26. CDTA implementation by Chien [112].

values are listed in table 7 and the CDTA circuit is shown
in ﬁgure 24.
The authors implemented a number of functions using
the same CDTA with only some variations on the same. In
[107] a four-phase quadrature oscillator was implemented
with a similar structure as in [106] by increasing one more
zc terminal in the CDTA structure. The universal biquad
ﬁlter was also implemented using the same concept in
[9, 108] and multi-input single-output (MISO) ﬁlter of
[109] including the cross-coupling stage in the OTA section. In [10] an analog multiplier/divider was implemented
using a similar structure as in [105]. In [20] a Schmitt
trigger was designed using a similar circuit as in [10] with
two OTAs in cascade. In [54], the circuit of [105] was
modiﬁed with two x output terminals to simulate the
electronically tunable inductance simulator circuit.
Li [95, 110, 111] realized some applications from the
basic CDTA structure with some modiﬁcations. In [111] a
current-mode multi-phase sinusoidal was implemented
using CDTA with one x? and two x- output terminals in
OTA. In [110] a Wien bridge oscillator with automatic gain
control was implemented using two cascaded blocks of
OTA in series in CDTA structure with two x1 terminals and
one x2 terminal. Current-mode sixth-order elliptic BPF
using modiﬁed CDTA was also realized in [34, 95]. The
circuit diagram of [110] is shown in ﬁgure 25.
Chien [112] used the simple CDTA structure with two
x? terminals and no x- terminal in OTA and proposed two
square wave generator circuits using the same. Chin [113]
and Chien and Wang [114] also realized a resistor-less
sinusoidal oscillator and dual-phase square wave generator
using a CCCDTA circuit with HSPICE simulation results.
Further, including one more z-copy terminal in the structure
of [112], current-mode biquad ﬁlters with low input and
high output impedance were implemented in [29]. The
circuit of [112] is shown in ﬁgure 26.

282

Page 16 of 24

Sådhanå (2020)45:282

Figure 27. CDTA implementation by Malcher and Falkowski [7].

Literature also reports some other application implementations of the CDTA. Khateb, Vavra and Biolek [17]
proposed practical implementation of CDTA using commercially available circuits OPA 860 and diamond buffers.
Two diodes and one CDTA were used to realize the current-mode full-wave rectiﬁer circuit. Lahiri and Chowdhury
[115] implemented an all-pass ﬁlter using CDTA with three
x? terminals in the OTA section.
Malcher and Falkowski [7] modiﬁed the CDTA circuit
by inserting a CCR between CDU and trans-conductance
ampliﬁer sections and implemented a sinusoidal oscillator

using the same. Shah, Quadri and Iqbal [116] implemented
an all-pass inverse ﬁlter with two x terminals in an OTA
section of the CDTA. Prasad, Bhaskar and Singh [117]
realized HP, LP, BP, Notch and all-pass ﬁlters using a basic
single CDTA structure. The circuit diagram of [7] is shown
in ﬁgure 27.
In conclusion, it is found that the BJT-based CDTA
structures that have a similar topology as those of CMOSbased structures are better in terms of trans-conductance as
per the basic property of BJT over MOS but they suffer
with the drawback that bandwidth is much less and power
consumption is comparatively high.

Table 8. Summary of results for NMOS CDTA [3, 119].
Parameter
Technology (lm)
No. of transistors
Transistor aspect ratio
Supply voltage (V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
Ix/Ip 3-dB bandwidth (MHz)
Ix/In 3-dB bandwidth (MHz)
p input resistance (X)
n input resistance (X)
z terminal resistance (X)
x? output resistance (X)
x- output resistance (X)
Power consumption (W)
Trans-conductance gm
(lA/V)
Current range (Ip, In) ( lA)
Current range (Ix/Iz) ( lA)
Current gain
Switching delay time

[3]
0.18
50
1.1
1.105G
0.982G
1G
0.982G
23.5
23.5
175k
216k
216k
2.38m
69.6–1.525
mS
± 50
± 200

[119]
0.5
39
1:1–85:1
1.25
953.6
959.6
926.88
930.5
7.03
15.18
3.69M
9.35M
9.35M
2.48m
64.8
(0.84–138.34)
± 100
1.003
3 ns

5. NMOS-based CDTA
As the electrons have higher mobility than holes, NMOS
devices are faster than PMOS devices. Hence for symmetrical performance and to achieve the same trans-conductance level from both devices the size of PMOS should
be increaseed, which essentially increases the area of the
chip. In addition, if we compare the unity gain frequency,
again the PMOS can provide only half that of NMOS
transistor with the same length. Therefore, to achieve a
high-frequency response and better trans-conductance, the
implementation based on NMOS devices only seems to be a
better choice.
Hence some authors also suggested the implementation
of CDTA based on only NMOS transistor rather than
CMOS, which includes PMOS also in each cycle. Authors
of [3, 119] have designed a circuit based on NMOS devices
only; however, for biasing purposes, PMOS transistors are
used since they can work as an active source. The circuit is
designed in such a manner that the AC current signal passes
through only the NMOS transistors and not the PMOS.
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Figure 28. CDTA implementation by Xu, Wang, Jin and Xia [119].

Figure 29. CDTA implementation by Hu et al [3].

Xu, Wang, Jin and Xia [119] implemented the CDTA
circuit in 2014 in a totally new way using NMOS logic,
reducing the PMOS network of CMOS logic. Both the
CDU and OTA sections were implemented using the
NMOS network. In the CDU section, two unity gain current
ampliﬁers with low input impedance are used in such a
manner that output current is the difference of applied two
input currents. For the OTA section, an NMOS-based
negative current mirror with unity gain is used with two
current sources to form a cross-coupling trans-conductance
stage. The current sources were later replaced by the PMOS
network. Parameter values are listed in table 8 and the
CDTA circuit is shown in ﬁgure 28. A current-mode second-order universal ﬁlter and later a 4th-order ﬁlter were
successfully implemented using this NMOS-based CDTA.
The parameter values show wider bandwidth than previous works. This increase was possible using NMOSbased design and reducing the CMOS logic.
Hu et al [3] proposed the concept of NMOS-based
CDTA instead of CMOS based to improve the bandwidth
of the same in 2016. The CDTA circuit was implemented

using NMOS transistors only for both CDU as well as
OTA, and PMOS transistors were used only for biasing
purposes. Further, active resistor concept is introduced such
that trans-conductance gm becomes linearly proportional to
biasing current instead of the square root of the same and
hence applications like modulation, multiplication, etc. are
also successfully implemented using this CDTA. A total of
50 transistors are used, which is less in comparison with
previous work [84]. Cadence IC design tool 5.1.41 postlayout simulation was used with 0.18-lm CMOS technology parameters. Parameter values are listed in table 8 and
the CDTA circuit is shown in ﬁgure 29. This CDTA was
used in the conﬁgurable logic block (CLB) of the FPAA;
using the same sixth-order LPF, second-order universal
ﬁlter, multi-phase as well as quadrature oscillator, a modulator and also a multiplier were implemented successfully.
The results show a good compromise of higher bandwidth and better trans-conductance with moderate resistances and less power consumption.
In conclusion, NMOS-based devices seem to be a better
option since bandwidth has increased with minimum
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Table 9. Summary of results for BD-CDTA [120, 121].
Parameter

[120]

Technology (lm)
No. of transistors
Transistor aspect ratio
Supply voltage (V)
Iz/Ip 3-dB bandwidth (MHz)
Iz/In 3-dB bandwidth (MHz)
p input resistance (X)
n input resistance (X)
z terminal resistance (X)
x? output resistance (X)
x- output resistance (X)
Power consumption (lW)
Trans-conductance gm (lA/V)
Current range (Ip, In) (lA)
Current gain (Iz/Ip)
Voltage range (Vz) (mV)
3-dB bandwidth of gm (MHz)

0.25
39
2:1–15:1
0.6
17
36
227
227
262k
1.2M
1.2M
143
99
±9
0.985
± 100
1.1

[121]
0.18
43
2:1–15:1
0.6
22
75
166
166
277k
554k
554k
264
98.9
± 16
0.986
(?170, –310)
1.2

parasitics but more work is required to be done to increase
the trans-conductance further.

6. Bulk-driven and ﬂoating gate MOSFET-based
CDTA
Khateb and Biolek [120] introduced a new concept of bulkdriven CDTA (BD-CDTA) in 2011. The main advantage of
using bulk-driven MOSFET concept to implement the
CDTA circuit instead of conventional n-MOSFET or
CMOS circuit topology is that it has much less power

dissipation in comparison. In this case, the CDU section
was implemented using two bulk-driven CCII followed by
the linear trans-conductor element for OTA block. A total
of 39 transistors along with passive resistors and capacitors
were used, due to which its bandwidth decreased. In their
work the authors used a current differencing external transconductance ampliﬁer (CDeTA) with external impedance
instead of basic CDTA to improve the linearity of the
device. This BD-CDTA was implemented in PSPICE using
0.25-lm CMOS technology parameters. Parameter values
are listed in table 9 and the CDTA circuit is shown in
ﬁgure 30.
This BD-CDTA circuit is unique in terms of power
dissipation, which is much less in comparison with all other
types of CDTAs available (143 lW only) but other
parameters deviate a lot. Comparatively, input node resistances increased while output node resistances decreased as
seen in table 9; 3-dB bandwidth is too much less (17/36
MHz only) and the value of trans-conductance is also 99
lA/V only. A low-voltage low-power trans-admittance
ﬁlter was successfully implemented using this BD-CDTA
circuit element.
Shaktour [121] realized BD-CDTA using a similar
topology as in [66]. One CCII for p terminal and one CCII
for n terminal were used to provide current difference
output at z terminal. Later OTA was realized using the
linear trans-conductor element to obtain the desired results.
A total of 43 transistors were used with aspect ratio variation from 2:1 to 15:1. Passive R and C components were
used in each section of CDTA to provide frequency compensation. This BD-CDTA was simulated in PSPICE with
0.18-lm CMOS technology. Parameter values are presented in table 9.

Figure 30. Bulk-driven CDTA implementation by Khateb and Biolek [120].
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Table 10. Result comparison of all MOS-based CDTA for trans-conductance, power consumption, impedances and area.

Ref. no.

No. of
transistors

Transistor
aspect ratio

[64]
[73]
[74]
[75]
[76]
[63, 65]
[5, 6]
[120]
[119]
[12]
[4]
[84]
[3]
[56]
[91]
[2]
[1]
[92]
[98]

22
60
24
36
29
24
26
39
39
99
69
106
50
25
30–42
26
26 to 34
32 to 40
26

8:1–50:1
1:1–32:1
4:1–333:1

z
terminal
resistance
Ref. no.
X
[64]
[73]
[74]
[75]

1.08M
242.6k
129.8k &
62.2k
[76]
56.4k
[63, 65]
2.88k
[5, 6]
388k
[120]
262k
[119]
3.69M
[12]
[4]
[84]
[3]
[56]
[91]
[2]

2.53M
2.45M
2.67M &
6.2M
175k
1.03M
100.83k
109k

Supply
voltage
V

Iz/Ip 3-dB
BW
MHz

Iz/In 3-dB
BW
MHz

2.5
1.5
1
0.9
0.9
2.5
1.8
0.6
1.25
0.8
0.8

497
609
238.8
692.8
925

301
462
174.6
540.3
524

1365
17
953.6
605
1.43G
932.4
1.105G
311
308
3.13G
1.52G
205

1142
36
959.6
726
1.15G
932.4
0.982G
282
215
3G
1.5G
165

33:1–400:1
4:1–16:1

1:1–85:1

1.1
4:1-16:1
4:1–10:1
4:1 to 10:1
4:1 to 16:1

2
2
2
2
1.8

x? output
resistance
X

x- output
resistance
X

Power
consumption
mW

178G
256.4k
256.4k

167G
256.4k
256.4k

4
3.61
1.08
518.2l

45.7k

45.7k

3.88

16.30M
1.2M
9.35M

16.21M
1.2M
9.35M

6.31
143l
2.48

1.36–7M
1.6M
1.33–5.86M 1.33–5.86M
4.7M
4.7M
216k
999.01k
196.22k
180k

216k

4.1
1.79
1.53

[1]

2.38
1.48
2.62–8.75
936.19l–
7.58m
1.29–7.95

[92]
[98]

2.94–4.85
19

155.89k
202k

Similar to [120] the results clearly indicate that much
smaller supply voltage can be used with much less power
dissipation in comparison with other types of existing
CDTAs, but at the cost of much less bandwidth as well as
less trans-conductance.

Transconductance
gm
lA/V

Ix/Ip 3-dB
BW
MHz

Ix/In 3-dB
BW
MHz

400
1011

400
926

926.9

930.5

1G
142
26
52
78
123

0.982G
50
59
82
103

Linearity
Linearity
range (Ip & range (Iz or
Ix)
In)
lA
lA

p input
resistance
X

n input
resistance
X

1.24k
812
263.7
600.2
887.5
7k
1.92
227
7.03
60.8
32
78.3
23.5
821–25.1k
1.49k
2.84k

834
348
164.1
233.7
345.2
2k
1.92
227
15.18
60.8
32
78.3
23.5
821–25.1k
1.13k
2.84k

1.92

1.92

Linearity
range
(Vz)
mV

Transconductance
BW
MHz

400
Io530
51.7

56.4
479
882
99
64.8
(0.84–138.34)
217 to 963.6
261–1061
870
69.6–1525
250–1000
67.17–13260
318.55–7880
4230 to
14010
1230 to 3250
880

Ix424
Iz ±50
Iz ±100

±240
±210

Iz ±100
±210
±9
±100
±148
±100
±50

Ix295
Ix367
Ix192

±50
±100

Ix200

±100

±100

1.1

±350
±340
±330

420–748
810–1.417G
913.1

±200
±100

26
160
100

± 200

221 MHz

A new approach of designing CDTA using ﬂoating-gate
MOSFET was recently proposed by Rana, Prasad and Afzal
[122]. In this ﬂoating gate MOSFET-based CDTA (FGCDTA) the basic circuit of [63] was used with the change
of replacing basic MOSFET in the current mirror section of
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the OTA with ﬂoating-gate MOSFETs. Authors showed
that the trans-conductance of this CDTA was increased
without any increase in power dissipation and its z terminal
bandwidth was also increased. Authors successfully
implemented a quadrature oscillator and Schmitt trigger
using the same, which proved the utility of this CDTA and
provides researchers a new direction to work in the near
future.
Hence, in conclusion, bulk-driven concept for CDTA
design can be used only for low-frequency applications if
supply voltage is less than the threshold voltage of the
device and most suitable if less power consumption is the
main requirement for the designer. Floating-gate concept
reduces the dependence on threshold voltage of the device;
hence it seems to be a suitable technique for low-voltage
and low-power applications without the restriction of
operating voltage being less than the supply voltage.

7. Results comparison
Result comparisons of all CDTA structures ﬁrst as per basic
element used have already been mentioned separately from
table 1 to 9 in previous sections of this paper. Now in
table 10 the major parameters trans-conductance, bandwidth, input–output impedances, power consumption and
transistor count with the aspect ratios for area have been
compared for selective CDTA structures from the previous
tables.
Results can be summarized as follows: maximum 3-dB
bandwidth obtained at z terminal is 3.13 GHz [119], maximum 3-dB bandwidth obtained at x terminal is 1.01 GHz
[5, 6], minimum transistor aspect ratio variation is 4:1–10:1
[2], minimum input resistance at p and n terminals is 1.92 X
[5, 6], minimum power consumption is 143 lW [120] and
maximum trans-conductance obtained so far is 14 mS [1].
It is certain that all these parameters cannot be obtained
in one single CDTA because of implementation technology
limitations, but it shows a huge scope of implementing the
same with the enhanced performance so that it can be used
practically to implement the analog building blocks.

8. Concluding remarks
Since each technology has its own limitations, the CDTA
designed so far also suffers from the point of view that
increasing the performance in one way reduces the capabilities in some other ways. For example, the maximum
bandwidth obtained at the auxiliary terminal as in [2] is
3.13 GHz but its output bandwidth at x terminal is only 52
MHz. This huge gap is because of the topology used in [2],
where increasing the number of transistors by splitting the
transistor network at the output stage increases the transconductance so far but results in a reduction of bandwidth.
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Hence this CDTA is best suited for applications where high
trans-conductance is required, but only in cases where
frequency range is not wide enough. Similarly, using bulkdriven technology as in [120], with a supply voltage of 0.6
V, minimum power consumption can be achieved as 143
lW only, but again due to this technology drawback,
bandwidth also reduced to only 17 MHz at z terminal.
Hence BD-CDTAs are the most suitable option for lowvoltage low-power applications like a bio-medical pacemaker but are not suitable for high-frequency applications.
CDTA as proposed by [3, 5, 6] seems to be a promising
building block as far as wide-frequency applications are
concerned; however, both have much less output impedance in comparison with [73] and less trans-conductance
in comparison with [91].
It is clear from table 10 that CDTA has enormous
potential and we can achieve better implementation results
for the same for the purpose of using it in practical applications as a basic building block. Further work needs to be
done to obtain a CDTA with better performance in such a
manner that its trans-conductance should be improved, but
without affecting bandwidth and power consumption as far
as possible.
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