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Abstract: In this paper, a simple configuration for simulating the inductance using voltage differ-
encing current conveyor (VDCC) as an active element has been presented. The proposed induc-
tance simulator circuit uses only one VDCC, one current amplifier (CA), and one grounded capaci-
tor. The equivalent value of the realized simulator can be tuned electronically through the trans-
conductance parameter and current gain of the VDCC and current gain through the CA. The pro-
posed circuit behavior together with its application is demonstrated using PSPICE simulations with 
commercially active devices. Functionality of the proposed circuit is verified through its applica-
tion in the second-order circuit. The circuit that behaves as a filter, has one input and standard three 
output responses such as low-pass filter (LPF), band-pass filter (BPF), and high-pass filter (HPF). 
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1. INTRODUCTION 

Applications such as analog filters have benefited from the integration every module of a system in 
a single silicon. These implementations typically include capacitors that have also been part of cir-
cuit integration. Unfortunately, integrated inductors occupy significant space compared with other 
devices. For these reasons, designers have recently explored a wide diversity of techniques to mag-
nify the inductive effect in order to reduce silicon area without compromising performance [1]. 
Some schemes offer very good accuracy, but limited multiplication factor, decreased effective 
bandwidth, increased power consumption, and silicon area; others have a large multiplication factor 
and effective bandwidth, although they have no accuracy and very limited dynamic range. In this 
brief, an inductance simulator with large output swing, large multiplication factor, high accuracy, 
and reduced silicon area is presented. 

2. PROPOSED INDUCTOR SIMULATOR USING BENEFITS OF VDCC PARASITICS 

The block diagram of a VDCC, ideally characterized by equations Z m P N( ),I g V V   Z X XV I R , 

PW XI I , and 
NW X 1I I B  , is demonstrated in Figure 1, where P and N are input terminals, Z auxil-

iary terminal, X, WP and WN are output terminals. Except the X terminal, all of the terminals ex-
hibit high impedance. In comparison to standard definition [2], the main advantage of this diagram 
is separated current transfer gain (B) control of the electronically controllable second-generation 
current conveyor (ECCII) from X to WN of the output part of the VDCC. 

For a complete analysis, it is important to take into account parasitics of active element shown in 
Figure 2. The parasitic resistances RN, RP and parasitic capacitances CN, CP appear between the 
high-impedance N (1 MΩ || 2.1 pF) and P (455 kΩ || 2.1 pF) input terminals of the VDCC and 
ground, respectively. The parasitic resistance RZ and parasitic capacitance CZ appear between high-
impedance Z auxiliary terminal of the VDCC and ground, respectively, and their typical values are 
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Figure 1: The block diagram of VDCC. Figure 2: Model of the VDCC including 
parasitics elements. 

48 kΩ || 5 pF. The parasitic resistance RX appears at the low-impedance terminal X of the VDCC 
and its typical value is 95 Ω. The parasitic resistances and capacitances

PWR , 
NW ,R and

PWC ,
NWC ap-

pear between the high-impedance WP and WN output terminals of the VDCC and ground, respec-
tively, and their typical values are 1 MΩ || 5 pF. 

2.1 Circuit Implementation with Commercially Available Active Devices 

The proposed circuit for realizing a floating lossy electronically-controllable inductance simulator 
is shown in Figure 3. The circuit is constructed with single VDCC, one current amplifier, and one 
grounded capacitor. Its input impedance can be written as: 

   2 X
INP lossy eq

1 m m

21 B CR
Z s R sL s

B g g

 
    

 
 (1) 

Supposing B1 = 2 instead of unity gain, equation (1) modifies to: 

   2 X
INP

m m2

B CR
Z s s

g g
  . (2) 

Note that negative input of the OTA section is grounded therefore degradation resistor (1/gm) in 
behavioral model in Figure 4 can be grounded without necessity to use diamond voltage buffer. 
The parasitic capacitance (CPWN = 7.1 pF, caused by output impedance of EL2082 and input im-
pedance of OPA860) connected to input terminal conjugated complex poles of external capacitan-
ces in frequency approximately about 8.3 MHz. Hence, equation (2) turns to the following expres-
sion: 

  / 2 X
INP 2

m 1 PWN 2 PWN X

2

2

B sCR
Z s

g B sC B s C CR




 
. (3) 

Simulations were performed using commercially available active devices such as current-mode 
two-quadrant multiplier EL2082 [3] (ECCII) with adjustable current gain (B1) and one diamond 
transistor (OPA860 [4]) shown in Fig 4. 

The supply voltages are selected as VDD = −VSS = 5 V. Note that the current from X terminal to out-
put terminals (WN, WP) is divided equally as seen from general VDCC definition.  

Equation for equivalent inductance with losses settings available from behavioral model has form:  

 
   

Xinp XinpX
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CR CRCR
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Figure 3: The proposed lossy inductance simulator. Figure 4: Circuit implementation with com-
mercially available active devices. 

Considering the effect of B2 from short circuit impedance equation, the inductance simulator can be 
described as follows: (a) adjustable lossy inductance for B2 > 0; (b) lossless inductance for B2 = 0, 
and (c) adjustable inductance with negative losses for B2 < 0. Descriptions (a) and (b) can be seen 
directly in equation (1), and (c) requires certain modification of ECCII. Initial value of lossy part is 
determined by 1/gm  1 k while B2 = 1. According to EL2082 datasheet, B  VSET_B. The adjust-
able RX is the function of control voltage VSET_Rx, which can be found as 
RX = RXinp/(1  BRx)  RXinp/(1  VSET_Rx). Positive value of Leq can be adjusted, while 1 > BRx ≥ 0 
(i.e. 1 > VSET_Rx ≥ 0). Resistance of RX can be set between 1 k (VSET_Rx = 0.1 V) and 10 k 
(VSET_Rx = 0.9 V). 

 

Figure 5: Magnitude and phase characteristics of the simulated inductance simulator using the behav-
ioral model in Figure 4. 

The proposed circuit shown in Figure 4 is simulated with the following passive element values: 
C = 50 pF, 1/gm = RXinp = 1 k for minimum VSET_Rx = 0 V, which results in Leq = 50 H (70 H 
simulated), and 1/gm = RXinp = 10 k for maximum VSET_Rx = 0.9 V, which results in Leq = 500 H 
(531 H simulated). In ideal case B2 = 0 (VSET_B2 = 0 V) and in maximum gain B2 = 3 
(VSET_B2 = 3.4 V), the lossy resistance is found Rlossy = 0 andRlossy = 1.5 k respectively. The 
ideal and simulated impedance magnitudes and phase versus frequency for the proposed inductance 
simulator of Figure 4 are shown in Figure 5. Considering 5 deg. deviation in phase response with 
ideal phase response, it can be seen that the working frequency range of the proposed inductance 
simulator is from 300 kHz to 7.8 MHz. 

The dependence of lossy part (Rlossy) by varying the B2 (VSET_B2) is shown in Figure 6. It is clear 
from the Figure 6 that the lossy part still exist even B2 = 0 (VSET_B2 = 0 V). The main reason is the 
grounded parasitic small-signal resistance RZ in node Z (48 k is the output resistance of 
DT OPA860), where the parasitic capacitance CPWN connected. It effects on the equation (3) nu-
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merator part as B2RZ + 2RX + 2sCPWNRXRZ. Negative value of B2 is required to eliminate real part of 
the numerator from equation (3), but it is not possible with EL2082 used in our behavioral model. 

 

Figure 6: Change of losses in inductance simulator (Figure 4) for corner values of B2: magnitude and 
phase responses. 

3. REPLACEMENT OF INDUCTANCE SIMULATOR IN RLC CIRCUIT 

A simple passive filter can be obtained by using parallel and/or series R-L-C circuits. In addition, 
an active inductor circuit can be used instead of passive inductor in a filter circuit. As a result, an 
active filter can be constructed by making some modifications such as adding some passive com-
ponents on active inductor circuits. Hence, the proposed lossy inductor of parallel R-L type can be 
easily used to make a multifunction 2nd-order filter providing electronically adjustable parameters 
as demonstrated in Figure 7, which is based on the formulation of a parallel RLC circuit formed by 
an inductor, a capacitor, and a resistor. 

A routine circuit analysis of the below topology yields its characteristic equation as: 

2
2 xinp 2 2 m( ) 4 4D s s CC R sC B g   , 

2
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From the above characteristic equation, the natural frequency and quality factor (Q) are found to 
be: 
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(a)                                                                                  (b) 

Figure 7: (a) Model of multifunction filter using a simulated parallel RL type inductor, (b) the filter 
circuit using the proposed lossy inductor based on (a). 
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To verify the theoretical analysis, the behavior of the inductance simulator circuit from Figure 4 
and RLC circuit used as a multifunctional filter shown in Figure 7 have been verified by PSPICE 
simulations using commercially available active devices. Current-mode multipliers EL2082 [3] as 
adjustable current amplifier (B) and one diamond transistor (OPA860 [4]) to build operational 
transconductance amplifiers (OTAs) are used for implementation of Figure 7 (a). Recommended 
supply voltage for the devices is ±5 V. Values of passive elements are selected as shown in Fig-
ure 7 (a). Initial setting of the filter was given by gm1 = 1 mS.  

AC analysis of the proposed multifunction filter outputs such as low-pass, band-pass, and high-pass 
responses are given in Figure 8. The frequency response of the HPF output current through C2, BPF 
output current through C, and LPF output current through output of additional current amplifier 
(CA3) are obtained for the filter. These passive component values result in Q ≈ 2.08 and 
f0 ≈ 1.805 MHz. 

 

Figure 8: AC simulation results for the multifunction filter.  

4. CONCLUSION 

A new lossy inductor (parallel R-L type) using only a single VDCC along with only one capacitor 
and current amplifier has been presented. As an application, it is used to realize a 2nd-order circuit 
simultaneously providing BPF, LPF, and HPF responses by adding extra capacitor to the induc-
tance simulator. The PSPICE simulations based on commercially available active devices to con-
struct VDCC are included, which confirm the practical workability of the proposed lossy inductor 
and the multifunction filter circuit. 
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