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Linearity improvement in biquadratic
transconductor-C filters

A. Tajalli and Y. Leblebici

A new technique for improving the linearity performance in biquadratic

transconductor-C filters is presented. This improvement has been

achieved by applying some modifications to the filter topology which

considerably relax the linearity requirement on transconductor circuits.

Using very simple transconductors, 30 dB improvement in total harmo-

nic distortion compared to the conventional approach has been observed.

Introduction: High-performance and high-frequency filters are essen-

tial building blocks in many applications such as modern telecommu-

nication systems [1]. Transconductor-C topology offers a very good

alternative for implementing high-frequency filters, however, they

generally suffer from weak linearity performance [1, 2]. This is

mainly due to the limited linearity performance of the transconductors

used as basic building blocks in this type of filters. Fig. 1a shows the

conventional topology of a lowpass biquadratic transconductor-C filter

[2]. In this topology, the input differential voltage is applied to the first

Gm cell, converted to current, and the subsequent circuitry is used to

implement a second-order lowpass filter. Therefore, the linearity of the

filter directly depends on the linearity of the transconductors: to realise a

linear filter, the transconductors must show a very good linearity for the

intended voltage swing at their inputs. A number of circuit topologies

have been proposed to implement a linear transconductor [2–4].

However, these topologies are generally very complex and can achieve

only a moderate linearity performance. Meanwhile, the complexity of

the transconductor can significantly increase the power consumption of

the filter as well as the total circuit noise. The circuit complexity can

even prevent their effective usage in high-frequency applications.

Fig. 1 Biquadratic transconductor filter topologies

a Conventional topology
b Proposed topology

In the following, a modified biquadratic filter topology is be introduced

that is inherently more linear than the conventional biquadratic

topologies. Therefore, it does not impose any special requirement on

the transconductors and hence it can be applied for implementing very

linear filters using simple and hence low-cost transconductor circuits.

Proposed topology: The conventional biquadratic filter shown in Fig.

1a uses four differential transconductors and two pairs of capacitors to

implement the intended frequency transfer function. Here, all signals

are differential and the output current of each transconductor is

proportional to the input differential voltage as: Iout ¼Gm � (Viþ�
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Vi�). Hence, it is very important that the Gm value remains constant

for the entire differential voltage swing at the corresponding input

node. Now, consider the topology shown in Fig. 1b in which the

negative inputs of the transconductors with common outputs have

been exchanged compared to the Fig. 1a. If ICO and ICM represent the

total current delivered to CO and CM, respectively, then:

ICM ¼ Gm1ðViþ � Vi�Þ þ Gm1ðVo� � VoþÞ

¼ Gm1ðViþ � VoþÞ þ Gm1ðVo� � Vi�Þ
ð1aÞ

and similarly:

ICO ¼ Gm2ðVmþ � VoþÞ þ Gm2ðVo� � Vm�Þ ð1bÞ

Therefore, the current delivered to each capacitor remains unchanged.

Similarly, both filter topologies have the same cutoff frequency (o0¼p
Gm1 � Gm2=

p
Cm � Co) and quality factor (Q¼

p
Gm1=Gm2 �p

Co=Cm). With this modification, the positive and negative inputs of

each transconductor would receive signals that have similar amplitude

and phase. This means that the total voltage swing at the input of each

transconductor will be reduced considerably compared to the conven-

tional topology. Thus, the proposed topology relieves the need for a

high-swing and linear transconductor since the total differential voltage

swing at the input of each transconductor is much smaller than in the

conventional configuration. Fig. 2a shows the simulated transient

response of each node in a biquadratic filter indicating the relative

voltage swing and phase at different nodes. Note that the total voltage

swing at the input of each transconductor remains always less that the

corresponding voltage swing in the conventional topology.

Fig. 2 Simulated transient waveforms at each node of biquadratic filter,
and schematic diagram of differential folded cascode operational trans-
conductor amplifier (OTA) and frequency response of proposed second-
order filter based on Monte Carlo simulations

a Simulated transient waveforms
b Schematic diagram of differential folded cascode OTA and frequency response
of proposed second-order filter based on Monte Carlo simulations

Simulation results: A second-order biquadratic filter has been

designed with a conventional 0.18 mm CMOS technology. A simple

differential pair circuit with folded cascode output stage is used as the

transconductor cell (Fig. 2b, inset) [2]. The entire biquadratic filter

draws only 200 mA from 1.8 V supply to implement a 10.7 MHz
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cutoff frequency lowpass filter. Fig. 2b shows the frequency response

of the proposed second-order filter. Monte Carlo simulations show

that the cutoff frequency variation of this filter exhibits sBW¼ 5.9% in

the presence of process variations and device mismatches.

Fig. 3 compares the total harmonic distortion (THD) of these two

topologies. As shown in this plot, the THD of the proposed filter

topology is about 30 dB better than the conventional topology, for input

signals as high as 0 dB (2Vpp,diff). Monte Carlo simulations show that

the total output referred noise for both circuits is about 115 mVrms and

the DC common-mode gain remains less than � 41 dB, proving the low

sensitivity of the proposed filter topology to the common-mode signals.

Fig. 3 Simulated total harmonic distortion of proposed filter topology
compared to conventional topology (f�3dB¼ 10.7 MHz, fin¼ 3 MHz)

Fig. 4 Frequency response of biquadratic filter at different bias current
values
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Tuning range: Both of the topologies shown in Fig. 1 have a very

wide frequency tuning range. Fig. 4 shows the frequency response for

the proposed filter for different bias current values (IB). Because of the

superior linearity performance of the proposed filter, this topology can

be also considered a suitable candidate for implementing linear and

wide tuning range continuous-time filters. Simulations show that the

THD degrades by only 5 dB when the cutoff frequency of the filter is

set to 400 Hz by reducing the bias current to 1 nA.

Conclusion: A modified topology for improving the linearity per-

formance of biquadratic transconductor-C filters is proposed. This

improvement is entirely based on a topology level modification,

without any special requirement on transconductor specifications.

Using a simple folded cascode transconductance amplifier as the

basic transconductor circuit, simulations show that the linearity can

be improved by at least 30 dB compared to the conventional topology.

Relieving the need for linear transconductors, this approach represents

a very effective solution for implementing high performance and wide

tuning range filters with very low power consumption.
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