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Abstract— This brief presents a new structure of active 
inductors. These synthetic inductors are designed using current 
controlled voltage sources. The signal flow graph method is used 
for this purpose. For the practical realization, operational 
transresistance amplifiers (OTRAs) are replicated using current 
conveyors. The proposed inductors have very interesting 
properties because the value of its inductance is proportional to 
the product of the parameter of the OTRAs (rm1rm2) and thus, 
small capacitor values can be used. Current conveyor based 
simulated inductors are presented and SPICE simulations are 
given to show the viability of the proposed synthesis technique. 

I. INTRODUCTION 
There exist many techniques for generating structures of 

active inductors, i.e. circuits which have the properties of 
classical inductors but that are built using only capacitors and 
active sources. The very popular configuration of such active 
inductors comprises two transconductance amplifiers (OTA 
circuits) and one capacitor (gm-C circuit) [1]. However, the 
equivalent inductance value L of this circuit is inversely 
proportional to the parameters of the OTA circuits (gm1,gm2) 
and this is a drawback of the circuit. In order to eliminate this 
drawback, an active inductor configuration using current 
controlled voltage sources was proposed in [2], where the 
value of the inductance L is proportional to the product of the 
parameters (rm1rm2) of the controlled sources. However, this 
configuration is complicated because it uses additional active 
elements. In this paper we propose a simpler configuration of 
active inductors based on the use of transresitance operational 
amplifiers. The proposed active inductor comprises only two 
OTRA circuits and one capacitor.  

II. ACTIVE INDUCTORS  

A.  gm-C circuits 
Many electronic circuits are based on the use of simulated 

inductors. This is argued by the well known drawbacks of the 
spiral inductors, such as occupied silicon area, tunability, etc. 
The basic idea behind designing such inductors is to create an 
impedance that looks inductive, using only capacitors and 

active devices. The transconductance amplifier or 
transconductor (OTA circuit) has become prominent in filter 
design because of its tunability and its good high-frequency 
response [1]. Figure 1 presents an OTA-based grounded active 
inductor. For designing floating synthetic inductors, OTAs 
with differential outputs are used, as shown in Figure 2. 
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Figure 1.  The OTA-based grounded simulated inductor. 

 

Figure 2.  The OTA-based floating active inductor. 

The simulated inductance value L in these configurations 
is given by 
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So, it is inversely proportional to the parameter of the OTA 
circuits. This, actually, this is a drawback. 

Indeed, calculating the relative change of the inductance in 
(1) shows that for the negative changes of the OTA 



parameters, i.e. (−Δgm1,−Δgm2), we obtain large relative 
changes of the inductor value L: 
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B. rm-C circuits 
Recently, a new structure of active inductors using current 

controlled voltage sources was proposed in [2]. It is based on 
the signal flow graph presented in Figure 3.  

 

Figure 3.  The signal flow graph of the active inductor with current 
controlled voltage sources. 

The circuit corresponding to that graph can be described by 
the following expressions: 

 1 2eq eqL m m LV sCr r I=  (3) 

 1 2eq m mL Cr r=  (4) 

This circuit offers a very interesting property because the 
value of the simulated inductance L is proportional to the 
product of the parameters of the current controlled voltage 
sources (rm1rm2) and thus, the inductance values of the 
simulated inductor can be designed using small capacitances 
of capacitor C. Moreover, the relative change of the 
inductance 
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is relatively smaller than the one of the OTA-based circuits. 

Using the graph presented in Figure 3, a ‘‘switched’’ 
current controlled voltage source (CCVS) circuit was 
proposed in [1]. It is shown in Figure 4. 
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Figure 4.  An active inductor with current controlled voltage sources and 
special kind of switches 

In Figure 4 the switches are controlled by the type of the 
graph. For the voltage graph the switch S1 is a short-circuit 
and S2 is an open-circuit. For the current graph S1 is an open-
circuit, whereas S2 is a short-circuit. According to the 
‘‘switched’’ circuit presented in Figure 4, a nullator/norator 
based circuit can be realized [3]. It is shown in Figure 5. 

 

Figure 5.  An active inductor with a nullator, a nullator and a current 
controlled voltage source. 

However, this circuit is complicated; it necessitates the use 
of an additional CCII- to perform ‘switching’ between the 
voltage graph and the current graph. In the following, we 
propose an improved CCVS-based structure of such synthetic 
inductors that does not use switches; i.e. the nullator and the 
norator. 

III. THE PROPOSED CIRCUIT 
The signal flow graph presented in Figure 3 can also be 

realized as proposed in Figure 6. This configuration uses only 
current controlled voltage sources, i.e. no ‘switches’ are 
needed. Figure 7 presents the new circuit, where OTRAs are 
used to design the CCVSs. 



 

Figure 6.  The new circuit realization of the signal flow graph presented in 
Figure 3. 

 

Figure 7.  The OTRA-based circuit of the floating inductor. 

It is clear, according to Figure 7, that the second OTRA 
can be a classical one with a single-ended output. Similarly, 
the grounded inductor can be designed using two classical 
OTRA circuits with single-ended outputs, as shown in Figure 
8. 

 

Figure 8.  The OTRA-based circuit of the grounded inductor. 

IV. THE PRACTICAL REALIZATION 
The proposed active inductor presented in Figure 7 was 

designed using negative second generation current conveyors 
(CCII-), replicating the transresistance amplifiers. Indeed, it 
was shown in [4,5] that controlled sources can be designed 
using nullors and resistors. In addition, it has been proven that 
the nullor can be considered a universal element, thus it can 
reproduce the ideal behavior of an ideal current conveyor. 
Figure 9 shows the nullor based CCVS and its implementation 
using CCII-s. 
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Figure 9.  (a): The nullor based CCVS, (b): Its implementation using CCII-s. 

 

Figure 10.  The CCII—based active inductor. 

Figures 11-14 present SPICE simulation results 
((VLeq/ILeq)dB) performed using a CMOS CCII- [6]. Respective 
inductances are 1H, 100mH, 10mH and 1mH, for values of the 
capacitors, respectively: 1µF, 100nF, 10nF and 1nF. 
Technology under consideration is AMS 0.35µm. Supply 
voltage is ±1.5V; rm1=rm2=10kΩ. The broken line curves 
represent simulation of the ideal inductor (solid line). 

 

Figure 11.  SPICE simulations for L=1H (C=1µF). 
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Figure 12.  SPICE simulations for L=100mH (C=100nF). 

 

Figure 13.  SPICE simulations for L=10mH (C=10nF). 

 

Figure 14.  SPICE simulations for L=1mH (C=1nF). 

V. CONCLUSION 
This paper presented a novel active inductor structures 

which design is based on the use of current controlled voltage 
sources. The signal flow-graph is used for this purpose. The 
proposed circuit was designed using OTRAs. It was shown 
that the new circuit offers better performances when compared 
to the conventional OTA-based simulated inductors. In order 
to highlight viability of the new synthetic inductor, current 
controlled voltage sources were designed using negative 
second generation CMOS current conveyors, and SPICE 
simulations were given. The basic idea behind designing the 
circuit using current conveyors is the nullor based controlled 
sources design. Thus, for higher performance inductors, 
mainly in terms of operating frequencies, such inductors can 
be designed directly using MOS transistors. 
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