
 

 
Abstract— A circuit topology for simulating grounded 

inductor, capacitance multiplier and frequency-dependent 
negative resistor (FDNR) depending on the passive component 
choice is presented.  The presented general impedance function 
simulator employs two voltage differencing buffered amplifiers 
(VDBAs) and three various passive components.  The realized 
equivalent impedance values can be tuned electronically via the 
transconductance gains of the VDBAs.  The simulator does not 
need any component matching constraints, and also exhibits 
low active and passive sensitivities.  To verify the theory and to 
exhibit the circuit performance, computer simulation results 
using PSPICE are provided. 
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I.   INTRODUCTION  

ENERALIZE impedance function simulators such 
inductance simulation, capacitance multiplier of 

frequency-dependent negative resistor (FDNR) are essential 
active element blocks for the design of active network 
synthesis, especially for active filter and sinusoidal 
oscillator of cancellation parasitic elements.   During the 
past few years, many attempts to realize general impedance 
function simulators have been presented [1]-[11].  However, 
they still suffer from the following weakness.  For example, 
the works of [1]-[7] use three or more active devices.  In 
[2]-[6], [8]-[11], they cannot be adjusted electronically.   

 Very recently, a new active element called the voltage 
differencing buffered amplifier (VDBA) was introduced 
[12]-[16].  Although many topologies for realizing 
impedance and immittance function simulators have been 
reported in the literature, little attention has been paid for 
implementing such type simulator topologies by employing 
VDBAs as active elements.  In this paper, an actively 
generalized impedance function simulator topology using 
two VDBAs and three passive elements is presented.   The 
presented simulator can simulate a grounded inductor, 
capacitance multiplier, and FDNR depending on the 
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selection of passive components.  All the realized 
impedance values can be adjusted electronically by means 
of transconductance gains of the VDBAs.  The simulator 
does not require critical active and passive component 
matching conditions and/or cancellation constraints for its 
realization.  Although the proposed simulator contains a 
floating capacitor, it can easily be realized even in recent 
integrated circuit technology of a decade ago with a CMOS 
process, which provides a second poly layer [17].  The non-
ideal analysis and the sensitivity study of the proposed 
circuit are investigated in detail.  Some simulation results 
are used to support the theoretical analysis.  

II.    THE VDBA 

 The VDBA is conceptually a cascade connection of the 
voltage-to-current converter (or trnasconductance amplifier) 
and the voltage follower.  The VDBA symbol and its 
equivalent circuit are shown in Fig.1.  Its corresponding 
relations can be expressed by the following equations :   

 

      ip = in = 0,    iz = gm(vp – vn)    and    vw = vz  (1) 

 

where gm denotes the transconductance gain of the 
VDBA.   respectively.  According to eq.(1) and Fig.1(b), 
this device includes a pair of high-impedance voltage inputs 
(vp and vn), a high-impedance current output (iz) and a low-
impedance voltage output (vw).  

 

 

(a) 

 

 

(b) 

Fig.1  VDBA. 

(a) schematic symbol    (b) equivalent circuit   
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Fig.2  Bipolar implementation of the VDBA [16].    

 

The possible bipolar implementation of the VDBA is shown 
in Fig.2 [16].  The circuit consists of the transconductance 
amplifier (Q1-Q7) followed by the unity-gain voltage 
amplifier (Q8-Q71).  The transconductance gain (gm) of the 
VDBA shown in Fig.2 can be written as :     
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where VT is the thermal voltage that is equal to 26 mV at 
27C 
 

 
 

Fig.3  Proposed general impedance simulator.   

III.   PROPOSED CONFIGURATION   

 The proposed configuration for simulating general 
impedance functions is shown in Fig.3.  It is realized by 
using VDBAs as active components.  Straightforward 
analysis of the proposed configuration in Fig.3 gives the 
following input impedance : 
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where gmi represents the gain parameter gm of the i-th 
VDBA (i = 1, 2).  From eq.(3), it is essential to note that the 
magnitude of the impedance Zin can be tuned electronically 
through the transconductance ratio gm2/gm1.  Also note from 
eq.(3) that by appropriately selecting the choice of the 
passive impedance (Z1, Z2 and Z3), the proposed circuit in 
Fig.3 can simulate a grounded inductor, capacitance 
multiplier and FDNR as in the following details :   

 (1) If Z1 = 1/sC1, Z2 = R2 and Z3 = R3 are selected, a 
grounded inductance simulator can be realized as :  
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where the realized equivalent inductance is equal to  
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 (2) If Z1 = R1, Z2 = 1/sC2 and Z3 = R3 are choosing, the 
input impedance from eq.(3) becomes :  
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which performs a grounded capacitance multiplier whose 
the realized equivalent capacitance is given by :   
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 (3) Finally, by taking Z1 = R1, Z2 = 1/sC2 and Z3 = R3, an 
electronically tunable FDNR is implemented with the 
following input impedance :  
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In eq.(8), the Deq–element value is obtained as :  
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IV.  NON-IDEAL CASE  

In case of the non-ideal characteristic condition, the VDBA 
terminal relations from eq.(1) can be rewritten as :    
 

              iz = gm(vp – vn)      and       vw = vz    (10) 
 

where  = 1 - g, and |g | << 1 denotes the transconductance 
error, and  = 1 - v, and |v | << 1 denotes the voltage 
tracking error of the VDBA, respectively.  Taking into 
account the VDBA non-ideality, an input impedance of the 
configuration in Fig.3 can be modified as :  
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where i and i are the parasitic gains  and  of the i-th 
VDBA.   

Normalized active and passive sensitivities of Zin are 
calculates as :  
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which are less than unity in magnitude.  Therefore, the 
proposed simulator of Fig.3 exhibits low active and passive 
sensitivities. 

V.  PERFORMANCE VERIFICATION BY SIMULATIONS  

 To confirm the results of the theoretical analysis 
discussed above, the proposed general impedance function 
simulator of Fig.3 has been simulated with PSPICE 
program.  For this purpose, the VDBA given in Fig.2 has 
been used.  The PNP and NPN transistors in VDBA 
implementation were simulated using the typical parameters 
of bipolar transistor model PR100N (PNP) and NP100N 
(NPN).  The DC supply voltages and bias currents were 
respectively selected as : +V = -V = 1.5V and IQ = 50 A.   
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Fig.4  Time–domain responses for vin and iin of the proposed inductance 
simulator in Fig.3.   
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 (a) 
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(b) 

Fig.5  Ideal and simulated frequency responses of the impedance of the 
proposed inductance simulator in Fig.3. 
(a) magnitude responses      (b) phase responses   

 

In case of the inductance simulator, the circuit of Fig.3 was 
realized by taking the following active and passive 
components : gm1 = gm2  1.92 mA/V (IB1 = IB2 = 100 A), 
C1 = 1 nF and R2 = R3 = 1 k.  With these component 
values, the value of the realized equivalent inductance is Leq 
= 1 mH.  Fig.4 shows the simulated transient responses of 
the input voltage (vin) and input current (iin) through the 
proposed inductor circuit of Fig.3 at the operating frequency 
f = 10 kHz.  The simulation results indicate that vin leads iin 
by 90, as expected.  To further demonstrate the electronic 
tuning performance of the simulator, the transconductance 
parameters are adjusted as :  gm1 = 5.77 mA/V, 1.92 mA/V 
and 1.92 mA/V, and gm2 = 1.92 mA/V, 1.92 mA/V and 5.77 
mA/V, which results in Leq = 0.333 mH, 1 mH and 3 mH, 
respectively.   Fig.5 shows the ideal and simulated 
magnitude and phase responses of the input impedance of 
the grounded inductor in Fig.3.  It appears, therefore, that 
the useful frequency range for the proposed inductance 
simulator is about 1 kHz to 2 MHz.    
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Fig.6  Time–domain responses for vin and iin of the proposed capacitance 
simulator in Fig.3.   

 

For the proposed capacitance simulator, the following active 
and passive components : : gm1 = gm2 = 1.92 mA/V (IB1 = IB2 
= 100 A), R1 = 1 k, C2 = 1 nF, and R3 = 1 k are chosen, 
resulting in Ceq  = 1 nF.  Typical waveforms of vin and iin 
through the proposed capacitor circuit when a sinusoidal 
input voltage with 100 mV (peak) at f = 10 kHz was applied 
to the circuit are shown in of Fig.6.  From the results, the 
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phase difference between vin and iin is approximately 90.  
Furthermore, the impedance of the proposed floating 
capacitance simulator circuit in Fig.3 relative to frequency is 
shown in Fig.7.  The VDBA’s transconductances were 
varied as : gm1 = 1.92 mA/V, 1.92 mA/V and 5.77 mA/V, 
and gm2 = 5.77 mA/V, 1.92 mA/V and 1.92 mA/V, to obtain 
Ceq = 0.333 nF, 1 mH and 3 nF, respectively.  Also note that 
the simulation results exhibited in Figs.6 and 7 are in close 
agreement with the calculated results.   
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(a) 

eqC

 

(b) 

Fig.7  Ideal and simulated frequency responses of the impedance of the 
proposed capacitance simulator in Fig.3. 

(a) magnitude responses      (b) phase responses   

 

VI.    CONCLUSIONS 

 In conclusions, this study describes an alternative 
topology for realizing an electronically controllable general 
impedance simulator topology, containing two VDBAs and 
three passive components.  The simulator can realize 
grounded inductor, capacitance multiplier and FDNR by 
properly selecting the choice of the passive components.  
All of the realized impedance values are controllable 
electronically through the transconductance gains of the 
VDBAs. 
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