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1. INTRODUCTION

Nowadays, microwave active circuits are widely used in wireless communication systems.
Much effort has been made to fulfil a great demand for smaller and cheaper devices. Active filters are
amongst important parts to be considered since they facilitate frequency tuning and can be implemented in
standard Integrated Circuit (1C) technology.There are several active filter configurations, the most common
are switched capacitor filters [1]-[2], Q-enhanced LC filters [3], coupled LC resonators and gyrator-C or
active inductor filters [4-6].

Microwave active filters based on integrated inductors rather than off-chip component reduce not
only the cost of manufacturing, but also the power consumption [7]. The filtering technique is based on a
circuit topology that enables to invert impedance. The objective is that from a capacitor used in gyrator
coupling we emulate a high quality factor inductor.

CMOS technology has many applications in high frequency bandpass filter domain [8]-[9].
There are several interesting characteristics. This tendency has become more successful as CMOS integrated
filters present good performances such as high center frequency, low insertion loss and less power
consumption.Unfortunately, this technique leads to some important constraints related to standard CMOS
properties that result in limitation to increase the quality factor and small frequency tuning range [10].

In order to obtain better responses, several improvements have been carried out. For instance, [11]
proposed an active inductor with a cascode structure to enhance the quality factor. A tunable inductor with a
feedback parallel resonance circuit inserted into the structure is also described in [12].
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In many other cases, active inductors can be realized by means of Operational Transconductance
Amplifier (OTA) circuits [13]-[14]. The basic configuration of the gyrator consists of two OTA circuits,
connected in a negative feedback and loaded with capacitor [14]. Throughout this work we have been
interested in the use of 0.18um CMOS-based components as key elements yielding numerous advantages
such as high resistance to noise and good linearity. As we seek a reduced number of transistors, the building
blocks of the OTA are made particularly from simple current mirror circuits using NMOS differential
pairs [15].

The high quality performances of the newly proposed OTA rely on the reduced number of
transistors and also the possibility of operating in the microwave domain. For this purpose, we propose
a design procedure of microwave bandpass active filters as an application of the OTA-based inductors.
Indeed, second and third order filters according to Butterworth and Chebyshev responses are dealt with.
C-coupled structure allows us to overcome the constraint of active inductor losses thanks to the incorporation
of the admittance J-inverters into the circuit [16].

This paper is organized as follows. Section Il deals with the design of a grounded active inductor
using CMOS-based OTA circuits that are made from simple current mirrors. A procedure of synthesizing
C-coupled active microwave bandpass filters is developed in section Ill. This is achieved thanks to the low
pass prototype to bandpass prototype transformation. In section IV, Butterworth and Chebyshev bandpass
filters are designed. Simulation results are given and compared. Section V concludes the proposed work.

2. GROUNDED ACTIVE INDUCTOR DESIGN
2.1. CMOS-based OTA

As well known, an OTA is a voltage controlled current source that can be made from different types
of transistors [17]. The most suitable component for the targeted performances is CMOS device thanks to its
low power consumption and reduced size. Among the interesting and available basic blocks, we have chosen
a simple current mirror circuit that consists of NMOS differential pair, connected with two PMOS transistors
according to the common gate configuration [18]. Figure 1 shows the topology of the proposed OTA.
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Figure 1. CMOS-based OTA circuit

(1) gives the MOS transistor transconductance gp,.

, w
On = kalbiasr 1)

where K is the Boltzmann’s constant, W is the width, L is the length of the transistor and Iy represents
the biasing current [19].

We point out that all the used transistors have the same size and should operate in the saturation
region. As a result, the OTA’s transconductance Gy, and g, are equal: G,=0n.
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2.2. Proposed Active Inductor

As mentioned in section I, we are strongly interested in the gyrator-C topology to realize a grounded
active inductor. The proposed configuration includes two simple current mirror-based OTA circuits [20],
connected back to back in a negative feedback as illustrated in Figure 2(a); The gate-source capacitance Cgs
of the transistor M5 stands for the grounded C as indicated in Figure 2(b). From (2) we can easily derive an
equivalent RLC resonant network to the circuit under study as shows in Figure 3.

Vin+
Zl'n / ﬁ_
_— / .;. c
Vin
Iout
(a) Real structure of the proposed active inductor (b) Active inductor model

Figure 2. Active inductor structure

The small signal analysis of the circuit yields the input admittance expression Y, given by (2).
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Figure 3. Equivalent RLC circuit
All the elements are described by the following relations.
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As a result, the resonance frequency and the quality factor are expressed according to (7) and (8),
respectively.

1

f=— - 7
° 2nL.Cy )
_IMG(@/Y,)

Q= REAL(L/Y, ) ©

The proposed active inductor has then been simulated by means of PSPICE software within
the frequency range 1GHz-2GHz. We have chosen the 0.18u-CMOS technology to integrated PMOS and
NMOS transistors into the circuit with respect to the following parameters:

a.  Width: W=4pm.

b. Length: L=2pm.

In addition, the biasing conditions are described by:
a. lpias=260A

b. VDD:'VSS:1.8V

Figure 4 shows a very small variation of the inductance so that we can assume it a constant value.
We also notice the quality factor reaches a value as high as 5000 confirming the predicted performances.
The simulation results demonstrated important characteristics in terms of filtering-related properties.
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Figure 4. (a) Inductance value, (b) Quality factor

3. C-COUPLED DESIGN PROCEDURE OF BANDPASS FILTERS
3.1. Impedance Inverter

Lumped elements bandpass filters can be realized according to the ladder structure made from
a series and parallel LC resonators.Knowing the fact that the insertion of too many inductors results in a great
deal of losses, we propose to implement admittance-J inverters for better performances,
as an alternative solution [21].

We remind that a perfect admittance inverter functions as a quarter-wave lossless transmission line
of characteristic admittance Y.-J. They are reciprocal two port linear circuits that usually convert a ladder
network, having series impedances as shunt admittances, to an equivalent topology with only parallel
admittances. Thus, load admittance is converted into its inverse according to (9).

2
v, =2

9
"7y, ©)

Int J Reconfigurable & Embedded Syst Vol. 8, No. 1, March 2019: 27 — 35



Int J Reconfigurable & Embedded Syst ISSN: 2089-4864 a 31

Taking into account the design requirements, admittance inverters are inserted into the circuit
between LC parallel resonators that are consequently transformed to series ones as illustrated in
Figure 5. Figure 6 presents the structure of a capacitor-based pi-network used as the admittance inverter we
have adopted for the synthesis.
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Figure 5 .Bandpass filter structure
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Figure 6. Admittance inverter, (b) pi network of capacitors

3.2. Procedure of Calculating Capacitors

On the basis of the C-coupled filters structure, presented in Figure 7, the proposed circuit is then
built taking into account the implementation of the admittance inverters. Figure 7 shows
the whole configuration.
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Figure 7. Filter implementation

We point out that L stands for an inductance, C-coupled and C’-resonator capacitors are evaluated according
to (12) and (13), n is the order of the filter and g; are the normalized element values of the low pass
prototype. In addition, the input and the output inverters of the filter are given by (17) and (18), respectively:

J(n)
C = 12
O 27 £, JA- (I () x Z, )2 (42
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C I(n) = Co - C(n,n+l) - C(n+1,n+2)

where
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(14)
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where Zj is the characteristic impedance. As a result, we obtain the simplified topology shown in Figure 8.

Figure 8. Final configuration

4. SECOND ORDER ACTIVE BANDPASS FILTERS

Cf M

)

In this section, we focus on the design of second order bandpass filters according to the Butterworth
and 1dB-ripple Chebyshev prototype within the frequency range 1GHz-2GHz. Figure 9 presents the proposed
second order bandpass filter and Table 1 shows the key parameters related to the desired filter performances.

Values of different capacitors are indicated in Table 2.

The simulation process has been carried out by means of PSPICE software and led to the S;; and S»;
responses, presented and compared in Figure 10.We clearly notice that both filters have excellent
performances in terms of low insertion losses and linear phase response in the bandwidth. As expected,

the Chebyshev-type filter ensures a better out-of-band rejection.
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Figure 9. Second order bandpass filter
Table 1. Filters’ Parameters
Parameter Value
Bandwidth BW 7TMHz
Center frequency f0 1.16GHz
Active inductance L 42pH
Table 2. Bandpass Filters’ Capacitors
Cl(pF) C2(pF) C3(pF) C’l(pF) C2(pF)
Butterworth 4.15 191 4.15 444.26 444.26
1dB ripple Chebyshev 2.97 241 2.97 443.65 443.65
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Figure 10. Filter responses (a) S21, (b) S11 and (c) phase
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5. CONCLUSION

A new 0.18um-CMOS-based OTA circuit functioning at microwave frequencies with high quality
performances has been proposed. To take advantage of circuit, C-coupled Butterworth and Chebyshev
microwave bandpass filters have been synthesized using active inductors, made from the proposed OTA.
The developed design emphasized on second order filter circuits on the basis of the low pass prototype to
bandpass prototype transformation.

The simulation results, obtained by means of PSPICE software, show good performances regarding
the filter responses S11 and S21 within the bandwidth. It has been of great interest to perform a second order
filter design in frequency range 1GHz-2GHz resulting in low losses and linear phase response.
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