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Abstract 
  

Recently a new formulation for realizing a floating 
inductance (FI) using an OMA, which takes into account the 
dominant pole of the op-amp employed in the OMA, without 
requiring any external capacitor was proposed. The 
proposition, however, suffered from a limited input-
dynamic-range of operation owing to limited open-loop 
signal handling capability of the op-amp used. In this paper 
we propose an improved FI formulation with increased 
input signal handling capability. The electronically 
controllable floating inductance feature of the resulting 
circuit has been shown by replacing all the building blocks 
of the FI formulation by their CMOS counterparts. The 
workability of the proposed FI has been demonstrated by 
PSPICE simulations. 

  
1. Introduction 

  
Importance and useful applications of operational mirrored 

amplifier (OMA) as a four terminal building block have been 
successfully demonstrated by several previous researchers; see 
for instance [1]-[11]. For a detailed account of these varieties of 
OMA applications reader is referred to [1]-[11] and references 
cited therein. In a previous communication [12] we proposed an 
FI formulation, the CMOS version of which was completely 
resistor-less and capacitor-less. The basic schematic of FI 
formulation [12] is reproduced here in Fig.1. The proposition, 
however, suffered from an inferior dynamic range of input 
signal handling capability.   
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Fig. 1. The basic schematic of FI formulation [12] 
 
In this paper, we present a new improved FI formulation 

which offers an extended dynamic range over the previous FI 
formulation. 

 

2. The Proposed Floating Inductance Configuration 
  

The proposed configuration has been detailed out in Fig. 2 
where Fig. 2(a) shows the basic schematic using a composite-
OMA and its equivalent and Fig. 2(b) shows its complete 
transistor level realization. In the circuit of Fig. 2(b), the op-amp 
employed in the circuit senses the voltages V1 and V2 and 
creates a current I0 flowing into R0 proportional to (V1-V2). The 
current mirrors M1-M8 create a replica of this output currents 
between the junction ‘a’ and ‘b’.  
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(a). Basic schematic and its equivalent 
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(b). Transistor level realization employing op-amp [9] 
 

Fig. 2. The proposed FI 
 
By assuming the open loop voltage gain of the op-amp  
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and taking 
tpA ωω =0

, where 
tω  represents the gain-

bandwidth product of the op-amp, we can write the voltage at 
node ‘a’ and at node ‘b’ respectively 
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which in turn, gives current through R0 as  
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which realizes a lossy-inductance1 (series R-L) element of 
which inductance and lossy resistance part can be extracted from 
(4) as 
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Thus, the circuit simulates floating impedance which 
represents a lossy-FI with inductance (Leq) value 

t
eq

RL
ω

0=     (6) 

and the associated series RL value as 
0RRL =     (7) 

For an entirely CMOS version, the resistor R0 may be 
replaced by a voltage-controlled-resistance (VCR) such as the 
one shown here in Fig.4 and is a modified version of proposition 
of [13], simulating an equivalent resistance of value  
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where k0=μ(W/L)COX is the transconductance, VTn, VTp are 
threshold voltages of nMOS and pMOS respectively and Vn, Vp  
are the control voltages given to the gates of nMOS and pMOS 
transistors for controlling the equivalent resistance, thus, 
realized. With this modification, the Leq is, thus, given by 
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from which it is seen that the inductance value can be 
electronically controlled by varying the external control voltage 
Vn and/or Vp. 
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3. SPICE Simulation results 
  

To check the workability of the proposed structure of Fig. 2, 
a simple BPF shown in Fig. 3 was set up, where the series R-L 
section was simulated by the proposed circuit. A self-
compensated CMOS op-amp from [9] was employed, as was 
also done in [12], for testing the validity of the proposed idea. 
The CMOS VCR of Fig.4 was used in place of R0 for testing the 
complete CMOS formulation functionality of the proposition. 

                                                           
1  It is interesting to note that the FI formulation [12], as 
mentioned therein, also turns out to be a series R-L when op-
amp is replaced by its one-pole model rather than the integrator-
model approximation. 

The DC power supplies were ±5Volts. Level-7 process 
parameters for MOSFETs were used in PSpice simulations. 
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Fig. 3. The test filter 
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Fig. 4. A modified version of VCR of [13] 
  

The VCR of Fig. 4 was designed to have equivalent 
resistance of value 625 Ω  for which the control voltages at Vp 
and Vn in the CMOS VCR were -0.9V and 2.5V respectively. 
The amplitude response of the filter circuit is shown in Fig. 5. In 
frequency response of Fig. 5(a) a fixed R0 equal to 625 Ω has 
been employed whereas in the frequency response of Fig. 5(b) 
the R0 has been replaced by the equivalent value of VCR of 
Fig.4. These identical frequency responses confirm complete 
CMOS formulation functionality of the proposition. These 
results, thus, confirm the workability of the proposed circuit. 

 

 
 

 (a). With R0 employed as a fixed resistor equal to 625 Ω .   
  

 
 

 (b). With R0 replaced by the equivalent value of VCR of Fig.4. 
  

Fig. 5. The amplitude response of the filter of Fig. 3.  
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4. Comparisons of input dynamic range 
  

The inductance realization in our earlier proposition of [12] 
employed operational amplifier in open-loop and hence, had 
limited input signal voltage handling capability. This was equal 
to maximum of linear differential input range of the op-amp 
typically of the order of fraction of milivolts. With this present 
modified version of the FI, due to existence of the negative 
feedback arrangement, the dynamic-range of the input signal 
increases significantly. In order for measuring this and 
comparing the same with the input signal handling capability of 
the new proposition of this paper a fixed R0 (not the CMOS 
VCR) was used in both propositions (the [12] and the 
proposition of this paper). The maximum signal voltages across 
the floating inductors in the band-pass filters and the 
corresponding undistorted output signal at the output for the two 
propositions ([12] and the present one) have been shown in Fig. 
6. This clearly proves the superiority of the present FI 
formulation over the previous one [12].  

 

 
 

(a). Maximum signal voltage between FI of the band-pass filter 
in [12] 

  

 
 

(b). Maximum undistorted signal output of the band-pass filter 
in [12] 

  

 
 

(c). Maximum signal voltage between FI of the band-pass filter 
in the present proposition 

  

 
 

(d). Maximum undistorted signal output of the band-pass filter 
in the present proposition 

 
Fig. 6. The comparison of the signal handling capability of the 

proposed OMA-FI configuration with that of [12] 
  

The VCR of Fig. 4 also has a very small dynamic range and, 
thus, when used in the present OMA-FI formulation limits the 
signal handling capability of the formulation severely. An 
improved CMOS R0, with greater signal handling capability, 
when substituted in the FI realization of Fig. 2 will make the 
present proposition a fully CMOS type having significantly 
improved dynamic response. 

 
5. Discussions and Concluding remarks 

  
In an earlier paper the authors have presented a single OMA-

based FI formulation, however, the circuit suffered from the 
drawback of a very limited input signal handling capability. In 
this paper, we have presented a new improved formulation 
which has advantage of enhanced input signal handling 
capability. With the resistance employed in the circuit replaced 
by a floating CMOS VCR it becomes possible to control the 
inductance value electronically. Like its predecessor of [12] the 
new circuit can also be implemented in CMOS. SPICE 
simulation-results have been presented that confirm the 
workability of the proposed circuit.  
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