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ABSTRACT

This paper presents two simple topologies of novel grounded lossy series and
parallel RL circuit employing VDVTA. Inductor and resistor are simulated
employing one VDVTA and one passive component. Both the proposed topologies
for the immittance simulation have been realized using a simple circuit. There is
little deviation in the values of theoretically calculated and practically simulated
series and parallel RL circuit. To study the performance of the realized grounded
lossy series and parallel RL circuit, a second order high pass filter has been
constructed using one of the circuits. To verify the presented theoretical analysis,
the PSPICE simulation results are given using CMOS technology.

Keywords: Grounded RL circuit, lossy, electronically tunable, VDVTA (voltage
differencing voltage transconductance amplifier)

INTRODUCTION

With the recent advancement in the integrated circuit technology, the state of art is pushing
towards the solution of chip with higher density of integration, reduced power consumption,
cost cutting and above all to support the standard of communication, we require technology
having different data rates as well as different frequency band [1]. Due to these requirements
active simulations of RC filters and inductors are having increased demand. There are vast
numbers of active RC filter and simulated lossy inductors are reported in literature using
different active building blocks [2-11].

Several topologies for simulated inductors and high pass filters have been proposed till date
[12-18], each of them has their own advantages and disadvantages. Few filters available in
literature are active RC filters, transmission line filters, switched capacitor filters, LC filters, gmC
filters, mosfet-c filters etc. By going through the literature review we can find that active filters
like RC as well as mosfet-c suffer from the problem of limited range of operation due to finite
gain-BW product as feedback is provided by op-amp. With the ongoing advancement in the
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communication and signal processing technologies, filters requirement is growing day by day
with different features. Filters make an essential component in modulation and demodulation
devices as well as transreceivers. Filters have the ability of a huge impact on the overall function
and performance of any communication systems, whether it is sensitivity, sensibility or image
rejection ratio.

Few filters possess the ability to operate at several GHz but they lack the tunability and higher
density requirements on-chip. To overcome this advantage, we need to have actively simulated
tunable inductors that can overcome the problem of large die area and increased power
consumption. Simulated inductors possess the quality to overcome several problems of the
spiral coil inductors that are difficult to be integrated on chip.

ACTIVE BUILDING BLOCK VDVTA
The symbolic representation of VDVTA as shown below in fig 1 has three input terminals
namely p, n, v and four output terminals as x+, x-, z [19-20]. It was first presented in [21] and
employed in the realization of 1st order all pass filter in [22]. Each terminal of VDVTA possesses
high value of impedance.

Vp#————n X -

VDVTA

Vp————1P X f———1Ix+

v Z

|

Fig 1: Symbolic diagram depicting VDVTA

The characteristic equations of above shown VDVTA can be given as under:
o Iz= gmi1 (Vp - Vn)
o Ix= gm2 (Vz - VV)
o Ix= -8m2 (Vz - VV)

PROPOSED GROUNDED LOSSY RL CIRCUIT (SERIES)
The proposed grounded lossy RL circuit (series) is given in the fig 2. The circuit has been
realized using one active building block and one passive element that are VDVTA and a
capacitor respectively.
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Fig 2: Proposed grounded lossy series RL circuit simulator

With the help of characteristics equation, solving the circuit presented in fig.2, we can obtain

the value of Leqand Reg.

Iz =gm1 (Vp-Vn)

Iz = gm1 (V1- V) (1)
[z=VzY1 (2)
Ix+ =gm2 (Vz-0) =11
[1=gm2 Vz (3)
From equation (1) and (2)
gm1 V1= (Y1+gm1) Vz (4)
Putting the value of Vz from equation (4) in equation (3)
[ = 8miBm2Vs
Yi+ 8m1
IfY1=SC
Vi__SC_ 1
I1  8mi8mz  8mz
Y_f = S Leq + Reg
Hence,
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1
and Req =
8m18m2 8m2

Leq =

(5)

Clearly equation (5) shows the circuit in fig.2 can simulate grounded series R-L circuit, with the
equivalent inductance and resistance given in above equation.

PROPOSED GROUNDED LOSSY RL CIRCUIT (PARALLEL)

The proposed grounded lossy RL circuit (parallel) is given in fig 3. Similarly, as in the case of RL
circuit (series), here also the parallel R-L circuit is realized using one active building block and
one passive element that are VDVTA and a capacitor respectively.

Fig 3: Proposed grounded lossy parallel RL circuit simulator

Using the characteristics equation of VDVTA, Solving the circuit presented in fig.3

VDVTA

I z 1

Iz=gm1 (Vp-Vn)

Iz = gm1 (0 - Vz)

Iz =-gm1V1 (6)
From circuit shown in fig.3,

[z=VzY1 (7)

Ix-=-gm2 (Vz-V1) =11 (8)
From (7) and (8)

[1 = -gm2 [_g;‘: 1 V1] (9)
IfY1=SC

Iy Em18m2

Vv,  SC T 8m2
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Hence,

C 1
and Req = p—

m2

L

eq = 8m18m2
APPLICATION OF THE PROPOSED CIRCUIT

The proposed grounded lossy parallel RL circuit can be employed to simulate second order HPF

as depicted in fig. 4

Fig 4: 2nd order HPF using proposed lossy grounded parallel RL circuit
The virtue of the presented filter is that, it has wider bandwidth and high gain. It is basically a
parallel RLC filter, where the parallel RL circuit has been replaced by our proposed grounded
lossy parallel RL circuit employing VDVTA, with a capacitor connected at the output.

The transfer function can be given as:

IH_P _ Iout _ S?

Iy lLin o2 S 1

T ST R T I
SIMULATION RESULTS

The performance of all the above proposed circuits can be demonstrated by the help of PSpice
simulation results. The circuit components are taken as C = 1nF, Req = 1.59 k), Leq = 2.53 mH,
gm1=631.881 pA/V, gm2=626.3 pA/V and Ig = 125 pA. The value of transconductance of VDVTA
can be adjusted using bias current.

The theoretical and simulated values are given as below:

Calculated Value | Simulated parallel RL | Simulated series RL
Leg 2.53 mH 2.59 mH 2.531 mH
Req 1.59 kQ 1.59 kQ 1.61 kQ

The Pspice simulation results obtained using TSMC CMOS 0.18um for proposed grounded lossy
series and parallel RL circuit simulator and the application as 2" order HPF are given as under.
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Fig 5: Simulated frequency response of proposed grounded series RL circuit
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Fig 6: Simulated frequency response of proposed grounded parallel RL circuit
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Fig 7: Simulated frequency response of proposed HPF realized in fig.4
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Fig 8: Simulated frequency response of parallel Leq
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Fig 9: Simulated frequency response of series Leq

CONCLUSIONS

The paper concludes the realization of grounded series and parallel RC circuits that are lossy
and adjustable in characteristics. The realized second order high pass filter has been simulated
and verifies the application of proposed circuit. Simulated frequency response of equivalent
parallel and series inductance also verifies the workability of proposed circuit. To confirm the
claimed characteristics of proposed circuit the comparison has been done between theoretical
and simulated values, that shows very little deviation and hence performance and the
workability of proposed circuit is well investigated and demonstrated.
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