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Abstract—A new grounded inductor simulator employing
single voltage differencing trans-conductance amplifier
(VDTA) and one grounded capacitor has been proposed. The
proposed circuit requires minimum number of active and
passive elements and offers several advantageous features,
which are not simultaneously available with any of the
previously reported grounded inductor simulator. The
presented configuration provides the electronic tuning of
simulated inductance by varying the biasing current of VDTA.
Under the influence of VDTA port parasitic impedances, the
proposed design offered better performance than the
previously reported circuit with similar active and passive
component requirements. Further, the high frequency
limitation under the non-ideal conditions has been discussed.
On non-ideal analysis, the realized circuit was found to be less
sensitive as the sensitivity indexes were not more than unity in
magnitude. To confirm the working of the proposed circuit as a
grounded inductor simulator, it has been used to realize the
second order band-pass filter. The performance of realized
inductor simulator and band pass filter was demonstrated by
SPICE simulations with TSMC CMOS .18um process
parameters.

Grounded

Index Terms—Electronic Control; Inductor;

Inductor Simulator; VDTA.

I. INTRODUCTION

An inductor in grounded form finds applications in several
areas of analog signal processing/generation such as in filter
design, sinusoidal oscillators, phase shifters and parasitic
element cancellation. However, a conventional spiral
inductor has several drawbacks, such as it has large size and
weight, generates unwanted harmonics of the signals due to
saturation of its core, picks as well as radiates
electromagnetic waves etc. Its quality factor and liner
dimensions are directly proportional to each other. Hence, it
is not possible to design a small size inductor with high
quality factor. Thus, the active simulation of grounded
inductors has become a popular research area, in which a
grounded inductor is realized by using active building
blocks (ABBs) and external capacitors and resistors.
Numerous grounded inductor simulator circuits employing
different ABBs such as operational amplifiers (Op-amp) [1]-
[4], [6], [9], current conveyors (CC) [5], [8],[10]-[16],
differential voltage current conveyors (DVCC) [7], current
feedback operational amplifiers (CFOA) [17]-[19], [26],
current  differencing  trans-conductance  amplifiers
(CDTA)[20], four terminal floating nullors (FTFN) [21],
current follower trans-conductance amplifiers (CFTA) [22],
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fully differential second generation current conveyors
(FDCCIIN[23], voltage differencing differential input
buffered amplifiers (VDDIBA) [24], differential difference
current conveyors (DDCC) [25,29], dual-x second
generation  current conveyors (DX-CCII) [27,28],
operational trans-resistance amplifiers (OTRA) [30], voltage
differential buffered amplifiers (VDBA) [31] and voltage
differencing trans-conductance amplifiers (VDTA) [32]
have been proposed in the literature, but unfortunately all of
the reported circuits suffer from one or more of the
following drawbacks: (i) use of more than one ABB, (ii) use
of external resistor(s), (iii) use of floating capacitor, (iv) lack
of electronic controllability (v) requirement of component
matching (vi) degraded non ideal performance and (v) high
parasitic effects.

Therefore, the purpose of this communication is to
propose a new grounded inductor simulator circuit with the
following advantageous features; (i) use of single VDTA,
(ii) no use of any external resistor, (iii) use of grounded
capacitor, (iii) availability of electronic control of
inductance, (iv) no requirement of any component matching
constraint, (v) good non-ideal performance and (vi) reduced
parasitic effects.

Il. PROPOSED CONFIGURATION

VDTA is a versatile active element [33] found in several
applications in analog signal generation and processing [35-
41]. Symbolic representation and CMOS implementation of
conventional VDTA [34] are shown in Figure 1 and Figure
2 respectively, where “Vp” and “V,” are input terminals and
“Z”, “X* and “X™ are output terminals. All terminals of
VDTA exhibit high input impedance values. The terminal
characteristics of VDTA can be described by:
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Figurel: The symbolic representation of VDTA
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Figure 2: The CMOS realization of VDTA [34]

The trans-conductance gains gm: and gme of CMOS
VDTA shown in Figure 2 are given by Equation (2) and (3).
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where, g is the trans-conductance of n®" MOS transistor
given in Equation (4).

w
g, = \/I B, /unCOX (f} 4)

In Equation (4), ua is carrier mobility, Cox is capacitance
of gate-oxide layer per unit area, W is MOS transistor’s
effective channel width, L is effective channel length and Ig,
is bias current of n™" transistor

The proposed grounded inductor simulator configuration
is shown in Figure 3.

lin VDTA

c
.

Figure 3: Proposed grounded inductor simulator configuration

A routine analysis of this circuit yields the following
expression for its input impedance:

sC
Zin = 5
O, 9, ©

which simulates a grounded inductor of inductance value:

e
O, O,

(6)

L,

Thus, the inductance value of simulated inductor can be
electronically controlled by trans-conductance gmi Of Qmo.
The values of gm: and gmz can be changed by bias currents of
VDTA.

I1l. NON-IDEAL ANALYSIS

Under the influence of non-idealities, the terminal
relationships of VDTA are modified as;
IZ ﬂzgml _ﬂzgm1 0 VVP
Ix+ = 0 0 ﬂ><+gm2 VVN (7)
I 0 0 — B n, | V2

where [, Bx+, Px- are transconductance error gains of VDTA.
The input impedance of presented configuration under
non-ideal conditions is found as:

sC

Liy=— 8
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which model a lossless grounded inductor with inductance
value;

C

bg=———— 9
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Hence, it can be seen from (9) that even under the non-
ideal conditions, the proposed circuit simulated a grounded
inductor without any loss term associated with it. The factor
1/ BzPx+ is a multiplication factor with a value just above the
unity as the typical values of B; and Px+, which are very
slightly less than unity (around .995). Thus, the behavior of
proposed circuit is not diverted by VDTA non-idealities.

The sensitivity figures of inductance of simulated

grounded  inductor  with  respect to  capacitor/
transconductance gains/ gain errors are found as:
_Qlo _cla _ gl _qles _gQles _ _
SC - ngl - ngz - Sﬂz - Sﬁx+ - 1 (10)

So, all the sensitivities of Leq are low and not more than
unity in magnitude.

IV. EFFECTS OF PARASITICS

The performance of the proposed grounded inductor was
also investigated under the influence of VDTA port
parasitics. X+ port parasitic impedance consists of a
capacitor Cx. in parallel with resistance Ry, while X- port
parasitic impedance consists of a capacitor Cy. in parallel
with resistance Ry.. Further, VVp port parasitic impedance
consists of a capacitor Cp in parallel with resistance Rp, and
Vn port parasitic impedance consists of a capacitor Cy in
parallel with resistance Ry and Z port parasitic impedance
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consists of a capacitor Cz in parallel with resistance Rz. The
input impedance of proposed configuration considering the
VDTA port parasitics is found to be:

[1+ sC + sCZJ
RZ

(gmlgm2)+(l+sc +sCZj(R1+Rl+sCx+ +sCy

RZ X+ N

Zi,= (11)
)

The equivalent circuit derived from Equation (11) is

shown in Figure 4.

lin
Vin = -
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Figure 4: Equivalent circuit of proposed configuration under the influence

of VDTA port parasitics
where:
(1/R,)
Ra=—" 12
9m, Im, (12)
Ri = ; (13)
° WRe +YRy)
(C+Cy)
La=—""=" 14
9m, Im, (14)
Ca=(Cx: +Cy) (15)

Now, it can be illustrated from Figure 4 that La is
intended grounded inductance while Ra, Re and Caare lossy
terms. So, due to VDTA port parasitics, the pure inductor
simulator becomes a lossy simulator with several lossy
terms.

The parasitics impedances available at port “Vp” and “X-”
were not effective as these ports were grounded. The effect
of parasitic capacitance “C,” can be eliminated by adding it
with external capacitance “C”. The parasitics resistance “R;,”
available at “Z” port and parasicis impedances available at
port “X+” and “V,” were not balanced by any external
element, so these parasitic impedances became significant in
high frequency region and effect the performance of
proposed circuit. So, the maximum usable frequency (f,) of
presented circuit can be found as:

1 1
1 R/ Ry
fo, ., ((Min X (16)
mex 27R; (C; +C)’ 27(C, +Cy,)
There is another grounded inductor simulator that

employs a single VDTA and a single grounded capacitor
proposed in [32], which is shown in Figure 5.

|_

Y
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Figure 5: Grounded inductor simulator proposed in [32]

The input impedance and equivalent circuit of this
configuration under the influence of VDTA parasitics are
given by:

{S(C+CX+)+ ! }
Zn= (C+C,) cH 1 (7
2, X+ z
{s CZ(C+CH)+S{ R +Rx+}+Rx+Rz+gmlgm2}
and:
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Figure 6: Equivalent circuit of grounded inductor simulator proposed in
[32] under the effects of VDTA port parasitics

where:
__(C+CIRR,
e T O, 9m, Res R7) (18)
' (C+CyxRR,
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. )
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Now, it is clear from Figure 6, that Lg is the intended
grounded inductance while R’, C', R”, C,and D are the lossy
terms. When compared Figure 4 with Figure 6, we found
that the circuit shown in Figure 6 has more number of lossy
terms as compared to circuit shown in Figure 4. Moreover,
in Figure 4 only lossy capacitor Ca influences the frequency
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response significantly as lossy resistors Ra and Rg do not
have any external/parasitic capacitance terms in their
expressions. On the other hand, with reference to the circuit
as shown in Figure 6, all the lossy terms except R influence
the frequency response significantly as external/parasitic
capacitance terms available in their expressions. Thus, under
the influence of VDTA port parasitics, the configuration
proposed in [32] has large number of frequency dependent
lossy terms, which disturbs the frequency response more.
Hence, the proposed circuit has low parasitic effects than
circuit proposed in [32] due to its improved circuit structure
although both the circuits have same active and passive
component requirements.

V. APPLICATION EXAMPLE

The working of proposed grounded inductor simulator has
been validated by using it in the realization of a second
order band pass filter (BPF). The passive realization of
simple RC second order low-pass is shown in Figure 7 and
the active implementation of this filter employing the
proposed grounded inductor simulator is illustrated in Figure
8.
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Figure 8: Active Realization of voltage mode second order BPF employing
proposed grounded inductor simulator

The voltage transfer function of the realized filter of
Figure 8 is given by:

44

1
S PR
Vout(s) _ [ RiCy J
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(23)

The bandwidth (BW) and angular frequency (wo) obtained
from Equation (23) are:

1
BW = ——
RC, (24)
9m, Im,
= |—= 25
@o cC, (25)

So, from Equation (24) and (25), it was found that BW
and o Of this band pass filter are independently controllable
i.e. the BW by Ry and wo by gm1 or gm2 or Ca.

VI. SIMULATION RESULTS

The performance of the proposed structure has been
confirmed by SPICE simulations with CMOS VDTA [34].
The component values used were; C = 0.01nF, gm1 = gm=
636.3 pA/V and power supply = 0.9V DC.

The magnitude response and the phase response of the
proposed simulated inductor and simulator proposed in [32]
are shown in Figure 9 and Figure 10 respectively. From
Figure 9, it is clear that the simulated magnitude response of
proposed inductor is same as the ideal magnitude response
in the frequency range of 398 kHz to 31.62 MHz. Similarly,
Figure 10 indicates that the ideal and simulated phase
responses is almost identical in the frequency range of 3.12
MHz to 30.23 MHz. The deviation of simulated responses
from ideal is due to non-ideal and parasitic effects.

When comparing the magnitude and phase response of
our circuit and responses of circuit given in [32] with ideal
response, it is clear from Figure 9 and 10 that at high
frequencies, the magnitude and phase responses of circuit
given in [32] is highly deviated from ideal response due to
presence of high parasitic effects.

Our proposed circuit gave a better response at high
frequencies due to low parasitic effects. Therefore, it is
verified that proposed circuit experience less parasitic
effects in comparison to the circuit given in [32].
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Figure 9: Magnitude response of proposed grounded inductor simulator
with ideal response and response of circuit proposed in [32]

To confirm the validity of band-pass filter shown in
Figure 7(b), it was simulated using the CMOS VDTA [34]
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with Ry = 1.58kQ, C1 = 5pF, C2 = 0.01nF, gm1 = gm2= 636.3
uA/V with power supply = 0.9V DC. The frequency
response of this realized band-pass filter is shown in Figure
11.
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Figure 10: Phase response of proposed grounded inductor simulator with
ideal response and response of circuit proposed in [32]
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Figure 11: Frequency response of BPF given in Figure8

From Equation (4), it is clear that trans-conductance can
be changed by changing the bias current. Thus, to
demonstrate  the electronic  control of  proposed
configuration, magnitude responses have been plotted for
different values of bias current Ip, where lp= Ip1= lpo= lps=
Ipa. Figure 12 shows the magnitude responses at Ip= 150 pA,
160 pA, 170 pA and 180 pA.

The comparison of the proposed circuit with the previous
reported grounded inductor simulators employing different
ABBs has been given in Table 1.
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Figure 12: Magnitude responses of proposed grounded inductor at different
values of bias currents

Table 1
Comparison of Proposed Grounded Inductor Simulators Circuit with
Previously Proposed Grounded Inductor Simulator Circuit

8 5 4 Se¢ B¢ 5o .8
= 385 §s 5T Ea3sg <3s
2 ESE Eg EZS SE58E £53
g 2% 3& 2§ §8E8 8%
x5 [}
[1] 2 3F 1-F YES NO
[2] 1 2-F+1-G 1-F YES NO
[3] 1 4-F+2-G 1-F YES NO
[5] 1 1-G+2-F 1-G NO NO
[6] 2 1-G+1-F 1-F NO NO
[7] 2 0 1-F NO YES
[8] 1 2-G+2-F 1-F YES NO
[9] 2 1-G+1-F 1-G NO NO
[10] 1 2-G+1-F 1-F YES NO
[11] 1 1-G+1-F 1-F YES NO
[12] 2 0 1-G NO YES
[13] 1 1-G+1-F 1-F YES NO
[14] 2 0 1-G NO NO
[15] 3 2-G+1-F 1-G NO NO
[16] 3 3-G+1-F 1-G NO NO
[17] 1 1-G+1-F 1-G NO NO
[18] 2 1-G+1-F 1-G NO NO
[19] 1 1-G 1-F NO NO
[20] 2 0 1-G NO YES
[21] 1 2-G+2-F 1-F YES NO
[22] 2 0 1-G NO YES
[23] 1 2-G 1-G NO NO
[24] 2 0 1-G NO YES
[25] 1 1-G+1-F 1-G1 NO NO
[26] 1 1-G+1-F 1-F NO NO
[27] 1 1-G+1-F/ 1-F YES NO
1-G+2-F/
3-G
[28] 1 2-G/3-G 1-F NO NO
[29] 1 1-G+1-F 1-G YES NO
[30] 2 2-F 2-F YES NO
[31] 1 1-F 1-F NO YES
[32] 1 0 1-G NO YES
Proposed 1 0 1-G NO YES
G" Grounded F" Floating

VII. CONCLUSION

A new lossless grounded inductor simulator employing
one VDTA and single grounded capacitor has been
proposed. The single ABB-based realizations has
advantageous features, such as small chip area and low
power dissipation, and the use of capacitor in grounded form
is favorable from the monolithic integration point of view.
The proposed configuration offers electronic controllability,
no component matching constraint, good non-ideal
performance, low active/passive sensitivities and reduced
parasitic effects. The behavior of simulated grounded
inductor has a close match with ideal behavior for a decade
of frequency. The electronic tuning capability is confirmed
by varying biasing currents. In future, some new VDTA
based grounded inductors can be designed with wide
operating frequency ranges using the proposed
configuration. The workability of the proposed circuit has
been confirmed by a design example of second order voltage
mode band-pass filter. SPICE simulations have been
performed to confirm the theoretical analysis.

REFERENCES

[1] R. L. Ford and F. E. J. Girling, “Active filters and oscillators using
simulated inductance,” Electronics Letters, vol.2, no.2, pp. 481-
482,1966.

ISSN: 2180-1843 e-ISSN: 2289-8131 Vol. 9 No. 2 45



Journal of Telecommunication, Electronic and Computer Engineering

[2]

(3]
(4]

(5]
(6]

[7]
(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

46

A. J. Prescott, “Loss compensated active gyrator using differential
input operational amplifier,” Electronisc Letters, vol.2, no.7, pp. 283-
284, 1966.

H. J. Orchard, and A. N. Willson, “New active gyrator circuits,”
Electronics Letters, vol.10, no.13, pp. 261-262, 1974.

S. C. Dutta Roy, “On operational amplifier simulation of grounded
inductance,” Archiv fuer Elektronik und Uebertragungstechnik, vol.
29, pp. 107-115, 1975.

R. Senani, “Active simulation of inductors using current conveyors,”
Electronics Letters, vol.14, pp. 483-484, 1978.

R. Nandi, “Novel insensitive lossless inductor simulation through
inverse function generation,” Electronics Letters, vol.16, no.12, pp.
481-482, 1980.

R. Nandi, “Lossless inductor simulation: novel configurations using
DVCCS,” Electronics Letters, vol.16, no.17, pp. 666-667, 1980.

A. N. Paul and D. Patranabis, “Active simulation of grounded
inductors using a single current conveyor,” IEEE Trans. Circuits and
Systems, vol. 28, pp. 164-165, 1981.

A. Fabre, “Gyrator implementation from commercially available
trans-impedance operational amplifiers,” Electronics Letters, vol. 28,
no. 3, pp. 263-264, 1992.

E. Arslan, U. Cam, and O. Cicekoglu, “Novel lossless grounded
inductance simulators employing only a single first generation current
conveyor,”  Frequenz; journal of RF engineering and
telecommunications, vol. 57, pp. 204-206, 2003.

E. Yuce, S. Minaei, and O. Cicekoglu, “A novel grounded inductor
realization using a minimum number of active and passive
components,” ETRI Journal, vol.27, no.4, pp. 427-432, 2005.

T. Parveen, and M. T. Ahmed, “Simulation of ideal grounded tunable
inductor and its application in high quality multifunctional filter,”
Microelectronics International, vol. 23, no. 3, pp. 9-13, 2006.

E. Yuce, S. Minaei, and O. Cicekoglu, “Limitations of the simulated
inductors based on a single current conveyor,” IEEE Trans. Circuits
and Systems, vol. 53, No. 12, pp. 2860-2867, 2006.

C. Psychalinos, and A. Spanidou, “Current amplifier based grounded
and floating inductance simulators,” International Journal of
Electronics and Communication (AEU), vol. 60, pp. 168-171, 2006.
E. Yuce, Grounded Inductor Simulators with Improved Low
Frequency Performances, IEEE Trans. Instrumentation and
Measurement, vol.57, no.5, pp. 1079-1084, 2008.

K. Pal and M. J. Nigam, “Novel active impedances using current
conveyors,” Journal of Active and Passive Electronic Devices, vol.3,
pp. 29-34, 2008.

E. Yuce, and S. Minaei, “A modified CFOA and its applications to
simulated inductors, capacitance multipliers, and analog filters,”
IEEE Trans. Circuits and Systems, vol. 55, no. 1, pp. 254-263, 2008.
E. Yuce, and S. Minaei, “On the realization of simulated inductors
with reduced parasitic impedance effects,” Circuits Systems and
Signal Processing, vol.28, pp. 451-465, 2009.

E. Yuce, “Novel lossless and lossy grounded inductor simulators
consisting of a canonical number of components,” Analog Integrated
Circuits and Signal Processing, vol. 59, No. 1, pp. 77-82, 2009.

D. Prasad, D. R. Bhaskar and A. K. Singh, “New grounded and
Ffloating simulated inductance circuits using current differencing
transconductance amplifiers,” Radioengineering, vol. 19, No. 1, pp.
194- 198, 2010.

P. Kumar and R. Senani, “New grounded simulated inductance circuit
using a single PFTFN,” Analog Integrated Circuits and Signal
Processing, vol. 62, pp. 105-112, 2010.

N. Herencsar, J. Koton and K. Vrbra, “CFTA-based active-C
grounded positive inductance simulator and its application,”
Elektrorevue, vol. 1, No. 1, pp. 24-27, 2010.

F. Kacar, “New lossless inductance simulators realization using a
minimum active and passive components,” Microelectronics Journal,
vol. 41, No. 2-3, pp. 109-113, 2010.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

D. Prasad, D. R. Bhaskar and K. L. Pushkar, “Realization of new
electronically controllable grounded and floating simulated
inductance circuits using voltage differencing differential input
buffered amplifiers,” Active and Passive Electronic Components, vol.
2011, 8 pages, 2011.

M. A. lbrahim, S. Minaei, E. Yuce, N. Herencsar and J. Koton,
“Lossless grounded inductance simulation using only one modified
dual output DDCC,” in Proc. 34" International Conference on
Telecommunications and Signal Processing (TSP2011), pp. 261264,
2011.

F. Kacar, and H. Kuntman, “CFOA-based lossless and lossy
inductance simulators,” Radioengineering, vol. 20, no. 3, pp. 627-
631, 2011.

B. Metin, “Supplementary inductance simulator topologies employing
single DXCCIL” Radioengineering, vol. 20, no. 3, pp. 614 -618,
2011.

I. Myderrizi, S. Minaei and E. Yiice , “DXCCII-based grounded
inductance simulators and filter applications,” Microelectronics
Journal, vol. 42, no.9, pp. 1074-1081, 2011.

M. A. Ibrahim, S. Minael, E. Yuce, N. Herencsar and J. Koton,
“Lossy/lossless floating/grounded inductance simulator using one
DDCC,” Radioengineering, vol. 21, no.1, pp. 2-10, 2012.

A. Gupta, R. Senani, D.R. Bhaskar and A. K. Singh, “OTRA-based
grounded-FDNR and grounded-inductance simulators and their
applications,” Circuits, Systems, and Signal Processing, vol. 31, no. 2,
pp. 489-499, 2012.

A. Yesil, F. Kacar and K. Gurkan, “Lossless grounded inductance
simulator employing single VDBA and its experimental band-pass
filter application,” International Journal of Electronics and
Communication (AEU), vol. 68, no. 2, pp. 143-150, 2014

D. Prasad and D. R Bhaskar, “Grounded and floating inductance
simulation circuits using VDTAs,” Circuits and Systems, vol. 3, no .4,
pp. 342-347, 2012.

D. Biolek, R. Senani, V. Biolkova and Z. Kolka, “Active elements for
analog signal processing; classification, review and new proposals,”
Radioengineering, vol. 17, no. 4, pp. 15-32, 2008.

A. Yesil, F. Kacar and H. Kuntman, “New simple CMOS realization
of voltage differencing transconductance amplifier and its RF filter
application,” Radioengineering, vol. 20, no. 3, pp. 632-637, 2011.

D. Prasad, D. R Bhaskar, and M. Srivastava “Universal current-mode
biquad filter using a VDTA,” Circuits and Systems, vol. 4, no.1, 2013.
D. Prasad, D. R Bhaskar, and M. Srivastava, “Universal voltage-mode
biquad filter using voltage differencing transconductance amplifier,”
Indian Journal of Pure and Applied Physics, vol. 51, no. 12, pp. 864-
868, 2013.

D. Prasad, M. Srivastava, and D. R. Bhaskar, “Transadmittance -
Type Universal Current-Mode Biquad Filter using Voltage
Differencing Transconductance Amplifiers,” International Scholarly
Research Network, 2014, 4 pages.

D. Prasad, M. Srivastava and D. R. Bhaskar, “Electronically
controllable fully uncoupled explicit current mode quadrature
oscillator using VDTA and grounded capacitors,” Circuits and
Systems, vol.4, no. 2, pp. 169-172, 2013.

M. Srivastava, D. Prasad and D. R. Bhaskar, “Voltage mode
quadrature oscillator employing single VDTA and grounded
capacitors” Contemporary Engineering Sciences, vol. 27, no. 7, pp.
1501-1507, 2014.

M. Srivastava, D. Prasad and D. R. Bhaskar, “VDTA Based
Electronically Tunable Purely Active Simulator Circuit for Realizing
Floating Resistance” Journal of Engineering Science and Technology
Review, vol. 8, no.3, pp. 112-116, 2015.

M. Srivastava, D. Prasad, G. Chitranshi, P. Sengar and Mamta “Novel
Electronically tunable current-mode integrator employing VDTA”
IEEE-INDICON-2015, pp.1-4, New Delhi.

ISSN: 2180-1843 e-ISSN: 2289-8131 Vol. 9 No. 2



