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Abstract: A new circuit realization for OTA-C current-mode comb filter is proposed to remove the undesirable
multiple frequency signals. The proposed filter uses only OTAs and capacitors, hence suitable for monolithic integrated
circuit implementation. The proposed OTA-C comb filter is simulated in PSPICE using a behavioral macro-model of
the OTA as well with a practical CMOS OTA circuit. The workability of the comb filter is verified for hum signal
frequencies of 60, 180 and 300 Hz that are found in bio-medical signals. The results obtained are in good agreement

with theory.
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I. INTRODUCTION

A number of biomedical instruments run on AC power
line and hence suffer due to power line interference. The
two components in power line interferences are electric
field interference and magnetic field interference. The
electrical field interference due to noise concentrated at
the fundamental frequency generates spikes at 50/ 60Hz
frequency. The magnetic field associated with the
transformer in the power supply section causes
interference to generate harmonic frequencies of the
fundamental. The power line interference degrades the
quality of biomedical signals recorded which pose serious
problems in correct interpretation of signals such as the
electrocardiogram (ECG). The power line interference
may be removed by both digital and analog filtering
techniques [1]-[4]. The multiple notch or comb filter
realization using op-amp and passive components is
discussed in literature [2]-[3]. Recently, a voltage-mode
OTA-C comb filter circuit is proposed [4].

Continuous-time (CT) or analog filters [5]-[25] are the
most important analogue blocks in integrated signal-
processing systems. In the recent years, the use of
continuous-time filters using active devices like opamp,
operational transconductance amplifier (OTA) and current
feedback operational amplifier (CFOA) has drawn more
interest.

Operational transconductance amplifier (OTA) is a
versatile analog building block used in voltage-mode and
current-mode applications. It is widely used block in
integrated circuit technique and suitable for various
applications like continuous-time filters, oscillators. The
OTA has an input differential pair and an output current
mirror. The OTA is characterized by transconductance as
the input of OTA is voltage and output is current. It has
higher bandwidth and slew rate than op-amp. The
transconductance of OTA can be controlled electronically
by bias current over a wide range. The two advantageous
features of OTA are the controllability
transconductance by changing the dc bias current and the
ability to work at higher frequencies. Hence, most of the
recently used continuous-time (CT) filter designs use
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devices other than op-amps such as OTAs. It is shown that
the grounded and floating type resistors [6]-[11] can be
simulated using OTAs. The grounded and floating
inductances can be realized using OTAs and one grounded
capacitor [2]-[7]. By replacing resistors and inductors with
the simulated OTA circuits, the fully integrable and fully
programmable active filters that use only OTAs and
capacitors are realized. The OTA-C approach, where in
only OTAs and capacitors are used, is shown to be useful
for realizing voltage-mode [7]-[11], current-mode [8]-[21],
[23], [24] and transimpedance-mode [22] filters. From last
two decades, there is growing interest in Current-Mode
Signal Processing (CMSP) [8] because of its advantages
like increased band-width and reduced power supply
requirements. The single output OTAs (SO-OTA) are
popularly used for realizing voltage-mode filters. The dual
output OTAs (DO-OTA) are employed to realize the
current-mode active filters having current-input current-
output (CICO) transfer functions.

In section Il the synthesis of new OTA-C current-mode
comb filter structure is presented. The PSPICE results
obtained by simulating OTA-C comb filter circuit using a
behavioral macro-model of the OTA as well with a
practical CMOS OTA circuit are presented in section I11.
The concluding remarks are given in section V.

1. PROPOSED OTA-C CURRENT-MODE COMB
FILTER

The symbolic representation of single output OTA (SO-
OTA) and dual output OTA (DO-OTA) used in this work
are shown in Fig. 1(a) and (b) respectively. The two
current outputs of DO-OTA are given by

[o1+ = I+ = gm(vi+ -V) (1.1)
> lof
of ; ot
(a) (b)
Fig. 1 Circuit symbol of (a) SO-OTA (b) DO-OTA
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Here, 1,,*, 1y, are the two output source currents, V;"
and V; denote non-inverting and inverting input voltages
of the DO-OTA respectively.

The proposed OTA based current-in current-out
(CICO) one admittance circuit configuration with only one
input current is shown in Fig. 2, the transfer function of
which is shown to be
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Fig. 2 (a) DO-OTA based single admittance circuit configuration with
only one input current, (b) OTA-C current-mode band-stop biquad

realized from circuit in Fig. 1(a)

It can be shown that a current-mode band-stop biquad
(refer Fig. 2(b)) can be realized from DO-OTA based
single admittance circuit configuration of Fig. 2(a) by
selecting Y as capacitor C; in series with grounded
inductor L;. The transfer function of current-mode biquad
in Fig. 2(b) is shown to be

Isz 8m

(1.2b)

sCq )
$2L1C1+1

Iin

(gm +

From (1.2b), the expression for pole frequency, pole-Q
and bandwidth Af of notch filter are shown to be
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Q0= C_l

8m1

1

Af = (1.2¢)

gm1l1
From (1.2c) it is evident that pole-Q can be
independently tuned without need to change pole

(1.2a) frequency.

The sensitivity of pole-frequency and pole-Q with
respect to component values are shown to be

Spe =S¢ =05

S =-SP =05;SP =1 (120)

Fig. 3 Generalized active comb filter using a DO-OTA and L-C series
sections

By routine analysis of the circuit in Fig. 3, the current-
mode transfer function of the active comb filter is shown
to be

I 8m
T(s) = —
ln (g + 2,

o (1.3a)

SzLiCi+1)

The i notch filter is used to eliminate the i harmonic
component from the input signal Vi,(t). The transfer
function of the n™ notch filter is obtained as

s?L,C, + 1

c (1.3b)
s?L,C, + sg—n +1

Tn(s) =

The generalized [n=3 in (1.3a)] circuit of OTA-C
current-mode notch filter using all OTAs and capacitors is
shown in Fig. 4. The inductance L, in Fig. 4 is expressed
as

_ CLn
" gnA 8nB

are the transconductances of

L (1.4a)

where g.,a and g.g
the OTAs.
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Fig. 4 Generalized [n=3 in (1.1e)] circuit arrangement for implementing -
OTA-C current-mode comb filter ) )
The proposed generalized OTA-C comb filter in Fig. 4 Fig. 5 (a) ldeal VCCS and (b) Non-ideal model of SO-OTA

can eliminate n number of undesirable frequencies. The
transfer function of the n™ band-stop or notch filter in  As proposed active comb filter is intended for bio-
generalized OTA-C comb filter of Fig. 4 is shown to be medical signals of low-frequency range, a low noise and
low distortion OTA suitable for low-frequency application
52 4 EnASnB [25] is used. The schematic circuits of CMOS cascode SO-
T2(s) = CLnCn (1.4b) OTA and DO-OTA analog blocks used in our work are

s24+s gnA8nB + gnA gnB ) N ! A
em Cin  CLnCn shown in Fig. 6 and Fig. 7 respectively.

The expressions for the characteristic parameters of n  The OTA-C current-mode comb filter in Fig. 4 has been

notch filter are modified as shown below: simulated using 8m = 81aB = 8248 = £3AB =
59.2nS ( Ipjas = 5nA),C; = Cyy = 157.033 pF, C, =

8nA EnB C., = 52.344 pF,C; = C;3 = 31.407 pF designed to

Won = [T eliminate power line interference signals of fundamental

Lnn frequency of 60 Hz and its odd harmonics 180, 300 Hz.

The resulting amplitude responses obtained using

_ Cin behavioral macro model of OTA and practical CMOS
Qon = 8m1 gna 8n5Cn OTA circuit [4], [25] are shown respectively in Fig. 8 (a)-
(b).

1
z

__ 8nA 8nB " T "
Afn N gm1CLn (14C) AT E
8
The proposed generalized [n=3 in (1.1e)] OTA-C

111. SIMULATION RESULTS M,
cu_rrent—mode co_mb filter i_n Fig. 4 hz_ave beer] sin_wulatgd *7 VI % Eﬂ
using PSPICE simulator using the design details given in o 1 3 4 1o
[

Table I. The comb filter is simulated using behavioral —

voltage controlled current source (VCCS) model of OTA My — '

(i.e., ideal transconductor with infinite R, and zero C, as YN J %T a L v,

shown in Fig. 5(a)) to obtain the ideal characteristics.
TABLE | SIMULATION DETAILS | (

! bias
M | } [ m
Model parameters used Level 3 0.5um MOSIS 1 | | 2

Device dimension for NMOS transistors
W =4 pum, M
Device dimension for PMOS transistors L=2um 13

Supply voltages Vg = +5V Vi = -6V Ves L

T
=
I

<

] 14

Fig. 6 CMOS schematic circuit of cascode SO-OTA
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Fig. 7 CMOS schematic circuit of cascode DO-OTA
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Fig. 8 Amplitude responses of OTA-C current-mode comb filter in Fig. 4
obtained using (a) a behavioral OTA macro model (b) a low frequency
low noise CMOS OTA [25]

From the plots presented in Fig. 8 (a)-(b) it is evident
that the simulation results are in good agreement with
theory.

1V. CONCLUSION

In this paper, the circuit realization of generalized
active comb filter using only OTAs and capacitors is
discussed. The workability of the comb filter for removal
of undesired power line signals of fundamental frequency
of 60 Hz and its odd harmonics 180, 300 Hz has been
tested using behavioral model of OTA as well with a
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practical low frequency OTA by using PSPICE. The
simulated and theoretical results agreed quite well.
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