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Abstract —Operational amplifiers are important building 

blocks for analog circuit design. Unfortunately, their limited 
performance such as bandwidth, slew-rate etc. leads the analog 
designer to search other possibilites and other building blocks. 
As a result, new current-mode active building blocks such as 
operational transconductance amplifiers (OTA), second 
generation current conveyors (CCII), current-feedback op-
amps (CFOA), four terminal floating nullors (FTFN), 
differential voltage current conveyor (DVCC), differential 
difference current conveyor (DDCC), third-generation current-
conveyor (CCIII), dual X current conveyors (DXCCII), current 
controlled current conveyors (CCCII) etc. received 
considerable attention due to their larger dynamic range and 
wider bandwidth. Employing these new active elements for 
analog design and using CMOS technology for implementation 
the circuit designers obtained new possibilites to solve their 
problems. This work covers new advances and possibilities in 
the related research area including application on 
communication, measurement and RF systems. 
 

Index Terms — Analog integrated circuits, Analog 
processing circuits, Circuit simulation, Circuit synthesis, 
CMOS analog integrated circuits 

I. INTRODUCTION 
Digital signal processing is becoming increasingly more 

powerful while advances in IC technology provides compact 
efficient implementation of these algorithms in silicon. 
Although many types of signal processing have indeed 
moved to digital domain, analog circuits are fundementally 
necessary in many of today’s complex, high performance 
systems. This is caused by the reality that naturally occuring 
signals are analog. Therefore analog circuits act as a bridge 
between the real world and digital systems [1-4].  

 At the beginning, operational amplifiers were the 
unavoided building blocks for analog circuit design. 
Unfortunately, their limited performance such as bandwidth,  
slew-rate etc. leads the analog designer to search other 
possibilites and other building blocks. As a result, new 
current-mode active building blocks such as operational 
transconductance amplifiers (OTA), second generation 
current conveyors (CCII), current-feedback op-amps 
(CFOA), four terminal floating nullors (FTFN), differential 
voltage current conveyor (DVCC), differential difference 
current conveyor (DDCC), third-generation current-
conveyor (CCIII), dual X current conveyors (DXCCII), 
current controlled current conveyors (CCCII) etc. received 
considerable attention due to their larger dynamic range and 
wider bandwidth. Employing these new active elements for 
analog design and using CMOS technology for 

implementation the circuit designers obtained new 
possibilites to solve their problems[5-56]. This work covers 
new advances and possibilities in the related research area 
including application on communication, measurement and 
RF systems. 

II. OTHER TYPE ACTIVE ELEMENTS FOR ANALOG 
IC DESIGN 

Basic amplifier types suitable for analog IC design are 
shown in TABLE I. Other type active elements are given 
with their symbols and definition equations in TABLE II. 
 

TABLE I. BASIC ACTIVE ELEMENTS  
Class Gain Function Operational 

Property 
Name 

V-V Vo = Av.(V1-V2) Av→∞ Operational 
Amplifier 

V-I Io = Gm.(V1-V2) - Operational 
Trans-

conductance 
Amplifier 

I-I Io = Ai.(I1-I2) Ai→∞ Current 
Operational 
Amplifier 

I-V Vo = Rm.(I1-I2) - Operational 
Trans-

resistance 
Amplifier 

III. CURRENT-MODE OPERATION 
Current mode circuits have received considerable 

attention due to their potential advantages, such as their 
inherently wide bandwidth, higher slew-rate, greater 
linearity, wider dynamic range, simple circuitry and low 
power consumption [57]. The active devices that have been 
used to realise current-mode circuits include current 
conveyors (CCIIs), current feedback op-amps (CFOAs), 
operational transconductance amplifiers (OTAs) and four-
terminal floating nullors (FTFNs).  

IV. OTA: OPERATIONAL TRANSCONDUCTANCE 
AMPLIFIER  

OTA-C structures have attracted considerable attention in 
recent years because they offer several advantages over 
conventional op-amp based circuits as well as providing the 
evaluation of fully integrated circuits in VLSI design with 
CMOS technology. It is well-known that OTAs provide 
highly linear electronic tunability of their transconductance 
(gin)  and  require  just  a  few or  even no  resistors for their  
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TABLE II. OTHER POPULAR ACTIVE ELEMENTS 
Name Symbol Definition Equations 

CC 
Current Conveyor  

 

 
 
 
 
 

DOCCII 
Dual Output 

Current Conveyor 
Second Generation 

 
 

y x

x y

z x

i a i

V V

i i

= ⋅

=

= ±

CCCII 
Current Controlled 
Current Conveyor 

 

,  

DVCCII 
Differential 

Voltage Current 
Conveyor 

 
 

FTFN 
Four Terminal 

Nullor 

 

 

CDBA 
Current 

differencing 
Buffered amplifier 

 

 

CDTA 
Current 

differencing 
Transconductance 

amplifier 

  
DXCCII 

dual X second 
generation current 

conveyors 

 

 

 

CFOA 
Current feedback 

operational 
amplifier 

  
 

internal circuitry and have more reliable high frequency 
performance because of the current mode operation which 
has been established as art important topic in analogue 
signal processing owing to ils advantage over the voltage 
mode, particularly for higher frequency of operation. 
Because of these features, the OTAs are increasingly 
replacing operational amplifiers and in the past few years, a 
number of OTA-C based filters and oscillators have been 
reported [5,7,9,12,50,53]. 

The rapid increasing use of battery-operated portable 
equipment in application areas such as telecommunications 
and medical electronics imposes the use of low-power and 
small-sized circuits realized with VLSI (very large scale 
integrated) technologies. CMOS (complementary metal– 
oxide semiconductor) circuits operating in the subthrehold 
(weak inversion) region introduce a versatile solution for the 
realization of low-power VLSI building blocks [12]. 
Circuits needed for processing of biological signals are a 

typical and good example of low-power and small-sized 
building blocks. The main features of biological signals are 
their low amplitude and low frequency range.  

The human electroencephalogram (EEG), which provides 
a rich picture of the electrical activities of the brain, is one 
of the most important biological signals [58]. The voltage 
amplitudes of EEG signals range from about 1–100 mV 
peak-to-peak at low frequencies (0.5–100 Hz) at the cranial 
surface.  

It is possible to realize low-frequency OTA-C active 
filters with small capacitance values of the order of 25–400 
pF. The circuit technique described is applied to the α (8–12 
Hz), β (13–40 Hz), θ (4–8 Hz) and δ (1–4 Hz) band filters 
for EEG signals. Because of small capacitance values the 
filter circuit is suitable for realization on a single VLSI chip 
using the CMOS technology, and enables the user to 
implement the circuit on implantable biotelemetric 
applications. 
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Figure 1. Fourth order OTA-C based EEG filter, frequency responses, capacitance values, biasing currents and OTA transconductance [12]. 

 

 
Figure 2. High-performance CMOS OTA realization [14]. 

The filter chip is fabricated in Turkish Scientific and 
Technological Council (TUBITAK) YITAL laboratory. 
Realized filter topology, filter  frequency responses, 
capacitance values, biasing currents and OTA 
transconductances are shown in Fig.1.  

A high performance CMOS dual output OTA realization 
providing high output impedance values is given in Fig.2. 

V. FTFN: FOUR TERMINAL FLOATING NULLOR 
It was demonstrated recently that the FTFN is a more 

general and flexible building block compared to the active 
elements mentioned above. This has led to a growing 
interest in the design of amplifiers, gyrators, inductance 
simulators, oscillators and current mode filters which use 
FTFN as the active element [16, 19-21, 24, 59–63, 81]. It is 
more suitable to exploit FTFN as an active element in 
current-mode circuit design since it has been shown that an 
FTFN is the most flexible and versatile building block in 
active network synthesis [16, 32, 38]. Examples of CMOS 
FTFN realization are shown in Fig.3. It is also possible to 
realize FTFN based nonlinear circuits to replace opamp-

based nonlinear structures. A good example from chaotic 
communication is the following inductorless   realization of 
Chua’s circuit using a FTFN- based nonlinear resistor and a 
FTFN- based inductance simulator illustrated in Fig.4 
[32,38].  
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Figure 3. Examples of CMOS FTFN realization [16,32,38,81]. 
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Figure 4. FTFN based realization of Chua’s circuit. FTFN realization of 
nonlinear resistor and inductor, simulation result [38]. 

The CMOS implementation of Chua’s circuit using FTFN 
based circuit topologies for inductance simulator and Chua’s 
diode provides new possibilities to the designer for the 
integrated circuit realization of chaotic communication 
systems. 

VI. OTRA: OPERATIONAL TRANSRESISTANCE 
AMPLIFIER 

The growing demand for mobile communications has led 
to high level of chip integration and directed research 
towards the field of high frequency applications. In the new 
designed circuit topologies for high frequencies, current-
mode approach is preferred rather than the traditional 
voltage-mode structures. OTRA (Operational Trans-
resistance Amplifer), which is commercially available under 
the name of Norton amplifier has been attracted attention by 
its advantages in the current-mode circuit design [35,44,64]. 
Low input and output impedances, a bandwidth independent 
of the device gain can be considered the main advantageous 
properties of the OTRA. These commercial realizations 
don't provide a true virtual ground at the input terminals and 
they allow the input current to flow in one direction only. In 
order to remove these disadvantages of the OTRA, some 
topologies are proposed in the literature [3-8]. But these 
solutions are both complex structures and do not operate 
properly at low power supplies like 1.2V if they are realized 
with sub-micron technologies. 

A CMOS realization example of the OTRA is illustrated 
in Fig. 5. 

In todays technology, circuits which use power supplies 
as 1V, and fabricated in the CMOS 0.09 µm technology can 
be designed and the process improvement works on the 
CMOS 65 nm technology with a power supply of 0.9V are 
still going on. Also CMOS 45 nm technology is available 
with a power supply of 0.6V. 

So for the future design concept the main interest is 
designing circuitries with low power supplies. This demand 

leads designing a high performance CMOS differential 
OTRA for the current-mode analog systems design. For 
these reasons, using the STMicroelectronics CMOS 0.13 µm 
technology, a differential OTRA is designed for 1.2V power 
supply. This new CMOS differential OTRA topology is 
characterized by the CADENCE simulation tool and the 
characteristic results showing its high performance are 
given. A filter design example is given in Fig.6. 

 
Figure 5. A CMOS implementation of the OTRA [36]. 

 

 

 
Figure 6. The band pass and low pass filters with OTRA and their 
frequency responses. 

Low pass and band pass filters with single CMOS 
differential OTRA structures are tested with simulations to 
verify the theoretical results. 

VII. CFOA: CURRENT-FEEDBACK AMPLIFIER 
The conventional operational amplifiers were successfully 

used over the years for the design of analogue signal 
processing circuits. The maximum operation frequency of 
operational amplifier based circuits is determined primarily 
by the limited gain-bandwidth product and by the slew-rate 
of the operational amplifier. Since their introduction in 1985 
the popularity of current feedback amplifiers has increased 
considerably as they were found to be able to overcome the 
limitations arising from conventional operational amplifiers 
[65–67]. A current feedback amplifier is equivalent to a 
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plus-type second-generation current conveyor with a voltage 
buffer, as illustrated in Fig.7.  The term current-feedback is 
used because the error signal entering at the feedback node 
of the op-amp is in the form of a current and this gives to the 
amplifier a constant closed loop bandwidth capability [68]. 
Ideally, the bandwidth of the current-feedback op-amp is 
independent of the closed loop gain. Therefore the closed 
loop gain-bandwidth product increases linearly with the 
closed loop gain. This is a major advantage over the voltage-
feedback op-amp architecture, which exhibits a constant 
GBW [69]. 

 
Figure 7. Realization of CFOA employing CCII+ and a voltage buffer. 

Since the current feedback operational amplifier (CFOA) 
has a larger bandwidth and a higher slew-rate than the 
conventional operational amplifier, analogue signal 
processing circuits built around the CFOA are expected to 
operate at higher frequencies than the op-amp based circuits 
[68]. 

The current feedback amplifiers are gaining popularity as 
alternative building blocks for analogue signal processing 
because of offering the following advantages over the 
conventional opamps: 

(i) wide bandwidth which is relatively independent of the 
closed-loop gain 

(ii) very high slew-rate 
(iii) simplicity of realization of various functions with the 

least possible number of external passive 
components. 
Consequently, there is a growing interest employing 

CFOAs for the realization of active filters, immittance 
simulators, single frequency as well as single element 
controlled variable frequency sinusoidal oscillators and 
single/multiphase oscillators using CFOA pole. 

Recently, several current conveyor based and CFOA 
based [33,70–72] oscillators are proposed in the literature. 
The CFOA based topologies offer the following advantage 
comparing to the current conveyor based circuits. As 
mentioned above the CFOA has an additional low 
impedance terminal, which buffers the z terminal of the 
current conveyor with a unity-gain, thus CFOA based 
oscillators exhibit low impedance voltage-mode output. 
CFOA based oscillator circuits are illustrated in Fig.8. 

 
Figure 8. CFOA based oscillator circuits [33]. 

VIII. CURRENT CONVEYOR AND ITS DERIVATIVES, 
CCII, DO-CCII, DVCCII, CCCII, DXCCII 

CCII, DO-CCII: The current conveyor is a versatile active 
element where the current is conveyed between ports at 
different impedance levels.  As an active element it offers 
several advantages, such as greater linearity and wider 
bandwidth over the voltage mode counterparts, op-amps 
[73,74]. Current conveyors find application covering a broad 
area ranging from filter, oscillator and immittance simulator 
design to integrators and differentiators. there is growing 
interest in designing current-mode current conveyor (CC)-
based active filters. A current-mode filter theoretically 
should exhibit high output impedance to enable easy 
cascadability and to enable additional filter responses by 
simply connecting the outputs. A current-mode second-order 
general filter topology employing dual output current 
conveyors  is given in Fig. 9 [28].  

 
Figure 9. current-mode second-order general filter topology employing 
dual output current conveyors [28]. 

CCCII: By using the second generation current controlled 
conveyor (CCCII) introduced by Fabre et al. in 1995 [75], 
current conveyor applications can be extended to the domain 
of electronically adjustable functions. Electronic 
adjustability of the CCCII is attributed to the dependence of 
the parasitic resistance at port x on the bias current of the 
current conveyor. Therefore in the recent past, there has 
been great emphasis on the design of current-mode circuits 
using current controlled conveyors. A BP filter example and 
its frequency response are given in Fig.10 [23]. 

 

 
Figure 10. CCCII based filter and its frequency response [23]. 
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Figure 11. Tuning range of CCCII based filter [23]. 

DVCC: The differential voltage current conveyor DVCC 
was proposed first by Pal as a modified current conveyor 
[76] and then developed and realized in CMOS technology 
by Elwan and Soliman [77]. The DVCC has the advantages 
of both of the second generation current conveyor (CCII) 
(such as large signal bandwidth, great linearity, wide 
dynamic range) and the differential difference amplifier 
(DDA) (such as high input impedance and arithmetic 
operation capability) [77]. This element is a versatile 
building block for applications demanding floating inputs. A 
CMOS realization of the DVCC, filter design example and 
the filter response are shown in Fig.12 [40]. 

 

 

 
Figure 12. TCMOS realization of DVCC,  DVCC based filter topology, 
frequency response [40]. 

DXCC: The dual X current conveyor DXCCII is 
conceptually a combination of the regular CCII and the 
inverting current conveyor (ICCII)[78]. It has two X 
terminals, namely Xp (non-inverting X terminal) and Xn 
(inverting X terminal). The Xp and Xn terminal currents are 
reflected to the respective Z terminals, namely Zp and Zn. It 
is worth emphasizing that, for this device, there is no direct 
relation between the Zp and Zn terminal currents. CMOS 
implementation examples of DXCC are illustrated in Fig.13 
[47].  

 

 
Figure 13. CMOS implementation examples for DXCC [47] 

Figure 14 reflects an realization example of FDNR, 
frequency dependent negative resistor employing DXCC 
and an application example of ladder-filter constructed with 
DXCC based FDNRs [47]. 

 

 

 
Figure 14. Realization example of FDNR employing DXCC and an 
application example of ladder-filter constructed with DXCC based FDNRs. 
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IX. CURRENT DIFFERENCING 
TRANSCONDUCTANCE AMPLIFIER (CDTA) 

A recently reported five terminals active element, 
proposed by Biolek [79], namely current differencing 
transconductance amplifier (CDTA) seems to be a versatile 
component in the realization of a class of analog signal-
processing circuits, especially in realization of analog 
frequency filters. Current differencing transconductance 
amplifier consists of an input current substractor and dual 
output transconductance stage. Improved CMOS realization 
is shown in Fig. 15. A design example of second-order 
transadmittance filter is illustrated in Fig.16. Frequency 
response of the notch filter is illustrated in Fig.17 [51]. 

 
Figure 15. Improved CMOS realization of CDTA [51]. 

 
Figure 16.Second order filter realization employing CDTAs [51]. 

The filter topology realizes LP, BP, HP, BS and AP 
functions as follows: 

1) V1= Vin and V2= V3= 0, LPF 
2) V2= Vin and V1= V3 = 0, BPF. 
3) V3= Vin and V1= V2= 0, HPF. 
4) V1= V3= Vin and V2 = 0, BSF 
5) V1 = -V2= V3= Vin, APF  
Simulated BS frequency response is given in Fig.17. 

 

 
Figure 17. Simulated BS frequency response of CDTA based filter [51]. 

X. CDBA: CURRENT DIFFERENCING BUFFERED 
AMPLIFIER  

The current differencing buffered amplifier CDBA is a 
new active element intended  to simplify the design of 
analog signal processing filters [56]. p and n are input 

terminals and w and z are output terminals. This element is 
equivalent to the circuit in Fig. 18, which involves 
dependent current and voltage sources. current through z-
terminal follows the difference of the currents through p-
terminal and n-terminal. Moreover, voltage of w-terminal 
follows the voltage of z-terminal. Hence, we name w-
terminal as voltage output. Finally, note that the input 
terminals p and n are internally grounded. 

  
Figure 18. (a) Symbol of CDBA. and  its equivalent circuit [56]. 

A second order general current mode filter topology 
example is illustrated in Fig. 19. Transfer functions of BP 
and LP filter functions  can be obtained from io1 and io2 

outputs, respectively. io3 output yields the sum of HP and BP 
filter functions. To get the HP function an additional active 
element is necessary, as shown in Fig.20. Fig.21 and Fig. 22 
illustrate the measured frequency responses and the output 
waveforms, respectively.  

 
Figure 19. CDBA based general second-order filter topology [31]. 

 
Figure 20. Realization of HP circuit [31]. 

 
Figure 21. Frequency responses of the filters [31]. 

 
Figure 22. Output waveforms for a sinusoidal 100 kHz input signal of 
1000μA and for a load resistance of RL = 10 kOhm. Lower  trace w-output, 
upper trace z-output (voltages) of CDBA2. Vert.: 10 V/div, Hor.: 2 μs/div. 
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XI. COA: CURRENT OPERATIONAL AMPLIFLER 
Current-mode operational amplifier (COA) is one of the 

useful current mode integrated building blocks. The main 
advantage of using COA is its ability to replace with the 
voltage operational amplifier (VOA) when applying the 
adjoint network theorem in voltage mode to current mode 
transformation [80]. A CMOS realization of COA, the step 
response of the amplifier, COA-based second order filter 
topologies and high-order BP response obtained by 
cascading LP and HP sections are given in Figs. 24, 25 and 
26, respectively [45].  

 
Figure 23. CMOS realization example of COA [45]. 

 
Figure 24. Response of the COA in unity-gain feedback to a ±5µA 

input step (f = 5MHz). 

 
Figure 25. COA-based low-pass filter topology; (b) COA-based high-pass 
filter topology [45] 

 
Figure 26. Simulated and ideal band-pass filter responses [45]. 

XII. CONCLUSION 
This work covers new advances and possibilities in the 

related research area including application on 
communication, measurement and RF systems. Employing 
these new active elements for analog applications and using 
CMOS technology for implementation the circuit designers 
obtained new possibilities to replace the conventional 
operational amplifier in their design to solve the problems 
caused by the limited performance of OPAMPs. 

REFERENCES 
[1] B. Razavi, Design of Analog CMOS Integrated Circuits, Mc Graw-

Hill, 2000. 
[2] P.E. Allen and D.R. Holberg, CMOS analog circuit design (Second 

Edition), Oxford University Press, New York Oxford, 2002. 
[3] G. Ferri, N.C. Guerrini, Low-Voltage Low-Power CMOS Current 

Conveyors, Kluwer Academic Publishers, Boston/Dordrecht/London, 
2003. 

[4] R. Gray, P.J. Hurst, S.H. Lewis, R.G. Meyer, Analysis and design of 
analog integrated circuits, John Wiley & Sons, Inc., 2001. 

[5] C. Acar, F. Anday and H. Kuntman: On the realization of OTA-C 
filters, International Journal of Circuit Theory and Applications, 
Vol.21, pp.331-341, 1993. 

[6] H. Kuntman and A. Zeki: Novel approach to the calculation of non-
linear harmonic distortion coefficients in CMOS amplifiers, 
Microelectronics Journal, Vol.29, Nos.1-2, pp.43-48, 1998. 

[7] U. Çam, H. Kuntman and C. Acar: On the realization of OTA-C 
oscillators, International Journal of Electronics, Vol.85, No.3, pp.313-
326, 1998.  

[8] U. Çam, H. Kuntman, A new CCII-based sinusoidal oscillator 
providing fully independent control of oscillation condition and 
frequency, Microelectronics Journal, Vol.29, Nos.11, pp.913-919, 
1998.  

[9] H. Kuntman, A. Özpınar, On the realization of DO-OTA-C 
oscillators, Microelectronics Journal, Vol.29, No. 12, pp.991-997, 
1998.  

[10] O. Çiçekoğlu and H. Kuntman: On the design of CCII+ based 
relaxation oscillator employing single grounded passive element for 
linear period control, Microelectronics Journal, Vol.29, No. 12,  
pp.983-989, 1998.  

[11] Toker, O. Çiçekoğlu and H. Kuntman: New active gyrator circuit 
suitable for frequency-dependent negative resistor implementation, 
Microelectronics Journal, Vol.30, No. 1,  pp.59-62, 1999.  

[12] G. Düzenli, Y. Kılıç,  H. Kuntman and A. Ataman: On the design of 
low-frequency filters using CMOS OTAs operating in the 
subthreshold region, Microelectronics Journal, Vol.30, No. 1,  pp.45-
54, 1999. 

[13] O. Çıçekoğlu, H. Kuntman, S. Berk , Allpass Filters using a single 
current conveyor, International Journal of Electronics, 86, No.8, 
pp.947-955,1999  

[14] Zeki, H. Kuntman, High-output-impedance CMOS dual-output OTA 
suitable for wide-range continuous-time filtering applications,  
Electronics Letters, 35,No.16, pp.1295-1296, 1999.  

[15] O. Çiçekoğlu, S. Özcan , H. Kuntman, Insensitive Multifunction Filter 
Implemented with Current Conveyors and Only Grounded Passive 
Elements, Frequenz, 53, N0.7-8,pp.158-160, 1999.  

[16] U. Çam,  H.Kuntman, CMOS four terminal floating nullor (FTFN) 
design using a simple approach,  Microelectronics Journal, Vol.30, 
No. 12,  pp.1187-1194, 1999.  

[17] S. Özcan, A. Toker, C. Acar, H. Kuntman, O. Çiçekoğlu, Single 
resistance controlled sinusoidal oscillators employing current 
differencing buffered amplifier,  Microelectronics Journal, Vol.31, 
pp.169-174, 2000.  

[18] H. Kuntman, M. Gülsoy, O. Çiçekoğlu, Actively simulated grounded 
lossy inductors using third generation current conveyors, 
Microelectronics Journal, Vol.31, pp.245-250, 2000.  

[19] U. Çam, O. Çiçekoğlu, H. Kuntman, Current-mode single-input three 
outputs (SITO) universal filter employing FTFNs and reduced number 
of passive components,  Frequenz, Vol.54, No.3-4, pp.94-96, 2000. 

[20] U. Çam, A.  O. Çiçekoğlu, H. Kuntman, Universal series and parallel 
immitance simulators using four terminals floating nullors, Analog 
Integrated Circuit and Signal Processing, vol. 25, pp. 59-66, 2000..  

         16



10th International Conference on DEVELOPMENT AND APPLICATION SYSTEMS, Suceava, Romania, May 27-29, 2010 
 
[21] U. Çam, O.Çiçekoğlu, M. Gülsoy, H. Kuntman, 'New voltage and 

current mode first-order all-pass filters using single FTFN',  
FREQUENZ, No.7-8, pp 177-179, 2000. 

[22] O. Çiçekoğlu, A. Toker and H. Kuntman,' Universal immitance 
function simulators using current conveyors', Computers and 
Electrical Engineering, Vol. 27, pp 227-238, 2001.  

[23] Minaei S., Çiçekoğlu, O, Kuntman, H., and Türköz, S., 2001. "High 
Output Impedance Current-Mode Lowpass, Bandpass and Highpass 
Filters Using Current Controlled Conveyors".  International Journal 
of Electronics., 88 (8), 915-922.  

[24] Çam U., Toker A., Çiçekoğlu O., Kuntman H, Current-mode high 
output impedance multifunction filters employing minimum number 
of FTFN, Analog Integrated Circuits and Signal Processing, vol. 28, 
pp. 299-307, 2001.  

[25] Toker, S. Özcan, H. Kuntman and O. Çiçekoğlu, 'Supplementary all-
pass sections with reduced number of passive elements using a single 
current conveyor', International Journal of Electronics, Vol. 88, No. 9, 
pp. 969-976, 2001.  

[26] Toker, O. Çiçekoglu, S. Özcan and H. Kuntman, ‘High output 
impedance transadmittance multifunction filter with minimum active 
elements’, International Journal of Electronics, Vol. 88, No. 10, pp. 
1085-1091, 2001.  

[27] U. Çam, O. Çiçekoğlu, H. Kuntman, Novel lossless floating 
immittance simulator using only two FTFNs, Analog Integrated 
Circuits and Signal Processing, vol.29, 233-235, 2001.  

[28] O. Çiçekoğlu, N. Tarım, H. Kuntman, , Wide Dynamic Range High 
output impedance current-mode multifunction filters with dual-output 
current conveyors providing wide dynamic range,  AEÜ: International 
Journal of Electronics and Communications, 56, No.1, pp. 55-60, 
2002.  

[29] H. Kuntman,     O. Çiçekoğlu,  S. Özcan, "Realization of current-
mode third order butterworth filters employing equal valued passive 
elements and unity gain buffers" Analog Integrated Circuit and Signal 
Processing, Vol.30, pp.253-256, 2002.  

[30] H. Kuntman, O. Çiçekoğlu, S. Özoğuz, ‘A modified third generation 
current conveyor, its characterization and applications’ FREQUENZ, 
Vol.56, pp.47-54, 2002.  

[31] S. Özcan, H. Kuntman and O.Çiçekoğlu, Cascadable current mode 
multipurpose filters employing current differencing buffered 
amplifier, AEÜ: International Journal of Electronics and 
Communications. Vol. 56, No 2, pp.67 – 72, 2002.  

[32] R. Kılıç, U. Çam, M. Alçı and H. Kuntman, Improved Realisation of 
Mixed-mode chaotic circuit, International Journal of Bifurcation and 
Chaos, Vol. 12, No. 6,  1429-1435, 2002.  

[33] Toker, O. Çiçekoğlu and H. Kuntman, 'On the oscillator 
implementations using a single current feedback op-amp', Computers 
and Electrical Engineering, 28, No.5, 375-389, 2002.   

[34] S. Özcan, O. Çiçekoğlu, H. Kuntman, Multi-input single output filter 
with reduced number of passive elements employing single current 
conveyor, Computers & Electrical Engineering, Vol.29, pp.45-53, 
2003. 

[35] U. Cam, F. Kacar, O. Cicekoglu, H. Kuntman and A. Kuntman 
"Novel Grounded Parallel Immitance Simulator Topologies 
Employing Single OTRA", AEÜ – International Journal of 
Electronics and Communications, Vol. 57, No. 4, pp. 1-4, 2003.  

[36] M. A. Ibrahim, H. Kuntman, O. Cicekoglu., Canonical Biquadratic 
All-Pass and Notch Filters Employing Differential Difference Current 
Conveyor, Frequenz, vol. 57, Nr. 7-8, pp. 162-165, 2003.  

[37] S. Minaei, O. Cicekoglu, H. Kuntman  and S. Türköz,  " 
Electronically Tunable Active Only Floating Inductance simulation", 
International Journal of Electronics, Vol.89, No. 12, pp. 905-912, 
2003. 

[38] R. Kılıç, U. Çam,  Mustafa Alçı,  H. Kuntman and  E. Uzunhisarcıklı, 
" Realization of Inductorless Chua’s Circuit Using FTFN-Based 
Nonlinear Resistor and Inductance Simulator", FREQUENZ, Vol.58, 
1-4, 2004.  

[39] M. A. Ibrahim, H. Kuntman and O. Cicekoglu, "Single DDCC 
biquads with high input impedance and minimum number of passive 
elements", Analog Integrated Circuit and Signal Processing, Vol.43, 
71-79, 2005.   

[40] M. A. Ibrahim, S. Minaei and H. Kuntman, "A 22 MHz current-mode 
KHN-biquad using differential voltage current conveyor and 
grounded passive elements", AEU: International Journal of 
Electronics and Communications, Volume 59, 311–318, 2005.  

[41] M. A.  Ibrahim, S. Minaei and H. Kuntman, DVCC based differential-
mode all-pass and notch filters with high CMRR, International 
Journal of Electronics, Volume 93, No.4, 231–240, 2006.  

[42] S. Minaei, O. K. Sayın and H. Kuntman, A New CMOS 
Electronically Tunable Current Conveyor and Its Application to 
Current-Mode Filters, IEEE Transactions on Circuits and Systems I, 
TCAS-I, Volume 53, No.7, 1448-1457, 2006. 

[43] A.Uygur, H. Kuntman,  ‘Seventh order elliptic video filter with 0.1dB 
pass band ripple employed CMOS CDTAs’, AEU: International 
Journal of Electronics and Communications, Vol.61, 320-328, 2007.  

[44] Duruk, E. O. Güneş, H. Kuntman, ‘A new low voltage CMOS 
differential OTRA for sub-micron technologies’, AEU: International 
Journal of Electronics and Communications, Vol.61, 291-299, 2007.  

[45] M. Altun and H. Kuntman, ‘Design of a Fully Differential Current 
Mode Operational Amplifier with Improved Input-Output Impedances 
and Its Filter Applications’, AEU: International Journal of Electronics 
and Communications, Vol.62, N0. 3, 239-244, 2008 

[46] M. Altun, H. Kuntman, S. Minaei and O. K. Sayın, "Realization of 
nth-order current transfer function employing ECCIIs and application 
examples", IJE: International Journal of Electronics, Vol. 96, No.11, 
1115 – 1126, 2009. 

[47] F. Kacar, B. Metin, H. Kuntman, "A New Dual-X CMOS Second 
Generation Current Conveyor (DXCCII) with a FDNR Circuit 
Application", accepted for publication in AEU: International Journal 
of Electronics and Communications (A08-326).  

[48] F. Kacar, B. Metin, H. Kuntman, O. Çiçekoğlu, "A New High 
Performance CMOS FDCCII with Application Example of Biquad 
Filter Realization", accepted for publication in IJE: International 
Journal of Electronics (TETN-2009-0024.R1). 

[49] Toker, H. Kuntman, O. Çiçekoglu and M. Dişçigil, 'New Oscillator 
Topologies Using Inverting Second-Generation Current Conveyors', 
Turkish Journal of Electric Engineering and Computer Sciences 
(ELEKTRIK), Vol.10, No.1, pp.119-129, 2002. 

[50] B.S. Ergün, H. Kuntman, On the design of new CMOS DO-OTA 
topologies providing high output impedance and extended linearity 
range, Journal of Electrical & Electronics Engineering, Engineering 
Faculty,  Istanbul University, Vol.5, No.2, pp.1449-1461, 2005.   

[51] F. Kaçar, H. Kuntman, "A new CMOS current differencing 
transconductance amplifier (CDTA) and its biquad filter application", 
Proceedings of EUROCON’2009 (CD-ROM), pp.208-215, St. 
Petersburg, RUSSIA, May 18-23, 2009. 

[52] F. Kaçar, H. Kuntman, "Novel Electronically Tunable FDNR 
Simulator Employing Single FDCCII", Proceedings of ECCTD’09:  
the 19th European Conference on Circuit Theory & Design (CD-
ROM), pp.21-24, Antalya, Turkey, August 23-27, 2009. 

[53] S. Eser, S. Özcan, S. Yamaçlı, H. Kuntman and O. Çiçekoğlu, 
"Current-mode active-only universal filter employing CCIIs and 
OTAs", Proceedings of Applied Electronics 2009, pp.107-110, Pilsen, 
Czech Republic, 9-10 September 2009.  

[54] S. Yamaçlı, S. Özcan and H. Kuntman, "Active-only wider band 
tunable grounded inductance simulator employing COA and OTA", 
Proceedings of ETAI 2009 Conference: Electronics, 
Telecommunications and Artificial Intelligence (E3-4, CD ROM), 
Ohrid, Macedonia, September 26-29, 2009.  

[55] F. Kaçar, H. Kuntman, " On the Realization of the FDNR Simulators 
Using Only a Single Current Feedback Operational Amplifier", Proc. 
of ELECO’2009: The 6th International Conference on Electrical and 
Electronics Engineering, Vol.2, pp.223-226, 5-8 November 2009, 
Bursa, Turkey. 

[56] Acar, S. Ozoguz, "A new versatile building block: current 
differencing buffered amplifier suitable for analog signal-processing 
filters", Microelectronics Journal Vol. 30 , 157–160, 1999. 

[57] Toumazou, F.J. Lidges and D.G. Haigh (Editors), Analogue IC 
Design The Current Mode Approach, Kluwer, 1990.  

[58] J.W. Clark Jr., The origin of biopotentials, in: J.G. Webster (Ed.), 
Medical Instrumentation: Application and Design, Houghton Mifflin 

[59] Co., Boston, MA, 1992. 
[60] M. Higashimura, ‘Current-mode allpass filter using FTFN with 

grounded capacitor’, Electron. Lett., Vol. 27, pp. 1182-1183, 1991.  
[61] M.T. Abuelma’ Atti, Cascadable current-mode filters usingFTFN, 

Electron. Lett., Vol. 32, pp. 1457-1458, 1999. 
[62] S.I. Liu, ‘Single-resistance-controlled sinusoidal oscillator using two 

FTFNs’, Electron. Lett., Vol.33, pp. 1185-1186, 1997. 

         17



10th International Conference on DEVELOPMENT AND APPLICATION SYSTEMS, Suceava, Romania, May 27-29, 2010 
 
[63] R. Senani, ‘A novel application of four terminal floating nullors’, 

Proc. IEEE,Vol.35, pp. 15441546, 1987. 
[74] Sedra and K. C. Smith, A second generation current conveyor and its 

applications, IEEE Trans. Circuit Theory, CT-17, 132-134, 1970. 
[64] Huijsing, ‘Operational floating amplifier (OFA)’, IEE Proc. G, 

Circuits Devices Syst., Vol. 137, pp. 131-136, 1990. 
[75] S. Sedra, G. W. Roberts and F. Gohh, The current conveyor: history, 

progress and new results, IEEE Proc., Vol.137, 77-78, 1990. 
[65] Duruk, H. Kuntman, "A new CMOS Differential OTRA Design for 

the Low Voltage Power Supplies in the Sub-Micron Technologies", 
Turkish Journal of Electrical Engineering and Computer Sciences 
(ELEKTRIK),Vol.13, No.1, 23-37, 2005. 

[76] Fabre, O. Saaid, F. Wiest, C. Boucheron, Current controlled bandpass 
filter based on translinear conveyors. Electronics Letters, Vol. 31, 
pp.1727- 1728, 1995. 

[77] K.Pal. Modified current conveyors and their applications. 
Microelectron J;20, pp.37-40, 1989. [66] Analog Devices, Linear Products Data Book, Norwood, MA, 1990. 

[78] H.O. Elwan, A.M. Soliman. Novel CMOS differential voltage current 
conveyor and its applications. IEE Proc Circuits Devices Syst. Vol. 
144, pp.195–200, 1997. 

[67] T. Vanisri, C. Toumazou , Wideband and high gain current-feedback 
opamp. Electron Lett Vol.28:1705–7, 1992. 

[68] K. Manetakis, C.Toumazou, Current-feedback opamp suitable for 
CMOS VLSI technology. Electron Lett; Vol.32:1090–2,1996. [79] Zeki, A. Toker. The dual-X current conveyor(DXCCII):a new active 

device for tunable continuous-time filters, International Journal of 
Electronics,Vol. 89(12), pp.913–23, 2002. [69] J. Wong, Current-feedback op amps extend high-frequency 

performance. EDN;26:211–6, 1989. [80] Biolek, CDTA-building block for current-mode analog signal 
processing. Proceedings of the ECCTD’03, Cracow, Poland, p. 397–
400, 2003. 

[70] P. Harold, Current-feedback op amps ease high-speed circuit design. 
EDN;7:84–90,1988. 

[71] P.A. Martinez, J. Sabadell, C.Aldea, Grounded resistor controlled 
sinusoidal oscillator using CFOAs. Electron Lett; Vol. 33(5):346–7, 
1997. 

[81] G.W.Roberts, A.S. Sedra, A general class of current amplifier based 
biquadratic. filter circuits, IEEE Trans Circuits Syst, Vol.39,p257–63, 
1992. [72] R. Senani, V.K. Singh , Novel single-resistance-controlled-oscillator 

configuration using current feedback amplifiers. IEEE Trans Circuits 
Syst I-Fund Theor Appl Vol.43(8):698–700, 1996. 

[82] M. Saygıner, M. Altun and H Kuntman, "A New CMOS FTFN 
Realization and Grounded Inductance Simulation",  Proceedings of 
MELECON'08: The 14th IEEE Mediterranean Electrotechnical 
Conference, pp. 421-424, 5-7 May, Ajaccio, Corsica, France,2008. [73] S.I. Liu, J.H. Tsay , Single-resistance-controlled sinusoidal oscillator 

using current-feedback amplifiers. Int J Electron Vol.80(5):661–4, 
1996. 

 
 
 
 
 

         18


	I. INTRODUCTION
	II. OTHER TYPE ACTIVE ELEMENTS FOR ANALOG IC DESIGN
	III. CURRENT-MODE OPERATION
	IV. OTA: OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 
	 
	V. FTFN: FOUR TERMINAL FLOATING NULLOR
	VI. OTRA: OPERATIONAL TRANSRESISTANCE AMPLIFIER
	VII. CFOA: CURRENT-FEEDBACK AMPLIFIER
	VIII. CURRENT CONVEYOR AND ITS DERIVATIVES, CCII, DO-CCII, DVCCII, CCCII, DXCCII
	IX. CURRENT DIFFERENCING TRANSCONDUCTANCE AMPLIFIER (CDTA)
	X. CDBA: CURRENT DIFFERENCING BUFFERED AMPLIFIER 
	XI. COA: CURRENT OPERATIONAL AMPLIFLER
	XII. CONCLUSION

