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ABSTRACT

type and parallel R-L type). Both of the de:

This work describes two circuit realizations for $ively variable simulated lossy inductors (series R-L

since they contains only a single a

inductors are simple and resistor-less structures,
device called voltage differencing inverting buffered amplifier
(VD!BA), one grounded capacutor, and one NMOS transistor as a voltage-controlled resistor. The
es and inductances of the proposed synthetic lossy inductors can be
tuned electmmcally The non-ideal transfer gain and the parasitic impedances existing at the VDIBA
terminals are taken into account. Simulations with TSMC 0.25-um CMOS technology are also

KEYWORDS

Active filters; Analogue
integrated circuits;
Immittance function;

Inductance simulatog
RL impedance; Tunﬁa
circuits and devices; ge

differencing inverting
buffered amplifier (VDIBA)

provided, which demonstrate the utility as well as the workability of the proposed simulators.

1. INTRODUCTION

Actively simulaledsy inductors are required in a num-
ber of important applications, such as active filter and
oscillator designs, analogue phase shifter design, to reduce
reflection at the antenna input, and cancellation of unde-
sirable parasitic inductances [1]. In the past, many
grounded synthetic lossy inductors reported in the litera-
ture employ various acti\?mpcnems, such as opera-
tional amplifier (OA) , second-generation current
conveyor (CCII) [4-7], third-generation current conveyor
(CCIII) [8,9], dual-X current conveyor (DXCCIH) [10,11],
differential voltage current conveyor (DVCC) [12], opera-
tional transresistance amplifier (OTRA) [13,14], current-
feedback op-amps (CFOA) [15-17], unity gain cells [18],
and current differencing buffered amplifier (CDBA) [19].
However, the works of [5-7] require at least three CClls
and four grounded passive components. The previous cir-
cuits of [2,3,8-13,15-17,19] employ only one active com-
ponent, and three/four passive components. In [4,14], the
grounded inductance simulator circuits are realized by
using two active elements. These simulator realizations
contain a large number of external passive components,
i.e. at least five passive components. Additionally, most of
the avaxlabnossy inductance simulations [4,8-19)] require
a floating capacitor, which is not preferable for further
integrated circuit implementation.

In this work, two synthetic grounded lossy ind ce
simulator topologies are presented, which use a new
active element voltage ncing inverting buffered
amplifier (VDIBA) [20], one grounded capacitor and
one electronic MOS resistor, The first of presented

©2017 ETE

topologies is intended for the serial inductance (series R-
L type), while the second topology is for the parallel
inductance simulation (parallel R-L type) [21,22]. The
presented lossy inductors are not only resistor-less struc-
ture, but also emp.a single grounded capacitor. The
synthetic inductors can be tuned electronically by chang-
ing the biasing current of the VDIBA and/or by adjusting
the control voltage of an electronic MOS resistor.
Detailed non-ideal analyses including non-ideal transfer
gain and parasitic elemen the VDIBA have also been
carried out. A number of simulatio sed upon TSMC
0.25-um CMOS process parameters have been included
to demonstrate the performance of the circuits.

2. %LTAGE DIFFERENCING INVERTING
BUFFERED AMPLIFIER (VDIBA)

The VDIBA is a four-terminal active building block, and
P8 schematic diagram is shown in Figure 1. This element
consists of high-impedance voltage differencing input
terminals p and n, high-impedance current output termi-
nal md low-impedance voltage inverting output termi-
nal w—. The corresponding circuit operation can be
characterized by the following matrix equation [20]:

ip 0o 0 0 0 v
i 0 0 0 0 v,
"= : (1)
iy gn —8%u 0 O v,
T 0 0 =B 0] Liw-

where g, and f are the small-signal transconductance
gain and non-ideal voltage gain of the VDIBA, respec-
tively. In ideal case, the value of 8 is equal to unity. The
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