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Abstract

A novel current mode active-only universal filter using four dual current output Operational Transconduc-
tance Amplifiers (OTAs) and three Operational Amplifiers (OAs) is presented. The circuit can realize low
pass and high pass filter characteristics by choosing the suitable current output branches. The filter perfor-

mance factors natural frequency (wo), bandwidth (%), quality factor Q and transconductance gain gm are

electronically tunable. The proposed circuit has very low sensitivities with respect to circuit active elements.
From sensitivity analysis, it has been clearly shown that the proposed circuit has very low sensitivities with
respect to the circuit active elements. The gain roll-off of high pass and low pass configuration is 18 dB/oc-

tave. The proposed circuit facilitates integrability, programmability and ease of implementation.

Keywords: Current Mode Filter, OTA, Bandwidth, Center Frequency, Circuit Merit Factor Q

1. Introduction

In recent years, current mode analogue signal processing
circuit techniques have received wide attention due to the
high accuracy, the wide signal bandwidth and the sim-
plicity of implementing signal operations [1]. The design
of current mode circuits employing active devices such
as OAs, OTAs, and current conveyors (CCs) have been
reported in the literature [2-6]. An OTA provides a high
linear electronic tunability and wide tunable range of its
transconductance gain.OTA based circuits requires no
resistors; hence they are suitable for monolithic integra-
tion.

Recently, the multiple current output OTAs have been
used for realizing current mode filters [7-12]. In 1996,
Tsukutani et al. proposed good versatile current mode
biquad filter using multiple current output OTAs and two
grounded capacitors.

This paper focuses on realization of the current-mode
third order active-only filter. The proposed circuit is con-
structed with OAs and dual current output OTAs. It is
shown that the circuit can realize the biquadratic transfer
function, and that the circuit characteristics can be elec-
tronically tuned by the transconductance gains of OTAs.
The proposed circuit enjoys the features of:
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e saving in components,

o realization of various filtering responses,

e devoid of resistors and capacitors which suits IC
design techniques,

¢ high impedance outputs,

e clectronic adjustment of wy and — through bias

currents of the active elements

e independent electronic adjustment of passband
gains,

¢ low sensitivity figures.

2. Circuit Analysis and Analytical
Treatment

The open loop gain of an OA is represented by the well
known first order pole model [13-15]

A(S) =%
S+,
where 4. Open loop D.C. gain of op-amp.
w, : Open loop — 3dB bandwidth of the op-amp = 2 1f;
Ay wg: f; = gain-bandwidth product of op-amp.
For §>> w,
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4o, _p .
A(S) S 3 1=1,2,3,)

This model of OA is valid from a few kHz to few
hundred kHz. In this frequency range, OTA works as an
ideal device. The OTA is characterized by the port-rela-
tion

[0 = 8m (V+ - V)

gmbos3 = (&P — &P )Sz + (82 BB = 8uis B 15)S — s PP

where, g, is transconductance of OTA. In the dual cur-
rent output OTA, the plus current output has a positive
polarity, and the minus current output has a negative
polarity.

The analysis gives the current transfer function 7 = [/
out /I in] as follows:

) =

The circuit was designed using coefficient matching
technique. i.e., by comparing these transfer functions
with general third order transfer functions is given by,

S) =

S’ +a,S* + oS +a

I I 2

s° +a)0(1+§)S2 +wj(1+§)5+a)j

Comparing Equations (1) with (2) we get,

3 _ gma3ﬁ1ﬂ2ﬂ3 w02(1+i) — gmalﬂl +gma2ﬂ2 (3)
gma() Q gmaO

82 BB+ &3 o s
gmaO

2]

1
a)0(1+§) =

a3 — gmbO And 0‘0 — gmb3
gmaO gmaO
It is found from above equations that circuit parame-
ters wy, Q; o, can independently set and electronically

gmaos3 + (gmalﬂl _gmaZﬁZ)Sz +(gma2ﬂ1132 + gmaSﬂZﬂS )S +gma3ﬂlﬂ2ﬂ3

)

tuned adjusting the transconductance gains of the OTAs.
If g,.0,8, B, and p, are given, the parameter o,

can be set by g, .. The parameters Q and a3 can be set
by g,.and g, respectively. It seems that the values

of O and o are also limited by the dynamic ranges of the
OA and OTA.
From (1), it can be seen that:
1) The low pass transfer function can be realized with
8upo =0
Py = By and g, ) = 8,43 5.5

2) The high pass transfer function can be realized with
gmb} =0 gmblﬁl = gmeﬁZ and gmeﬂlﬁZ = gmb3ﬁ2ﬂ3
3) The band pass transfer function can be realized with

vz = mpo = 0 g,,,blﬁ] = gmbzﬂz
The high pass and low pass transfer functions obtained
are as follows,

T a,S’
. gmaOS3 +(gmalﬂl +gma2ﬂ2)S2 +(gma2ﬁ1182 +gma3182183)s+gma3ﬁ1182ﬂ3
Ty = =

gma()S3 +(gmalﬂl +gma2ﬂ2)S2 +(gma2ﬁlﬂ2 +gma3ﬂ2ﬁ3)S+gma3ﬂlﬁ2ﬁ3

The realization of the other transfer functions invariably
requires matching the conditions in terms of the tran-
sconductance gains of the OTAs and the gain-bandwidth
products of the OAs.

The transconductance gains of the OTAs to realize the
desired characteristics are obtained from (3) as

_ BB
e gmaO
a)é 1 Ema0o Yo
2 = I+ = | -==—
o (1)
Gl = Ema0o @ [1+i]_ gmaZﬂZ
A 0 B

where wg, O, f1, B2, B3 and  gmqo should be given in
advance.
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Methods of implementing a dual current output OTA
have been discussed previously (Ramirez-Angulo et al.
1992, Wu 1994).

3. Circuit Diagram
The diagram was shown in Figure 1.

4. Circuit Description

The proposed circuit is built with four dual current out-
put OTAs and three OAs is as shown in Figure (1). The
V+ terminal of first OTA and V-terminal of all other
OTAs are grounded. Output terminal of first OTA carry-
ing positive polarity current is fed to inverting terminal
of first OA. Its output is fed to inverting terminal of
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Figure 1. Circuit diagram of electronically tunable third order current-mode universal filter.

non-inverting of third OA output of third OA is then fed
to v+ terminal fourth OTA. Output terminals of all OTAs
carrying positive current are fed to inverting of first OA
whereas remaining current output terminals of all OTAs
adds to give output current of the circuit. The circuit can
realize various third order filter functions by suitably
choosing the current output branches.

5. Result and Discussion

The circuit performance is studied for Central frequen-
cies fy = 100 kHz and 1 MHz with circuit merit factor Q
= 1. The general operating range of this filter is 10 Hz to
1 MHz. The value of £ =, = ;= 6.392 x 10°for LF
356 N. The proposed circuit gives response only for very
high frequencies since the values of transconductance of
OTAs takes very low values at frequencies less than 100
kHz. The values of g,.,,8,.,and g,,; are calculated by

taking g,.,= 2 and Ena3 _ | Response is studied for
gmaO
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Q =1 for high pass and low pass function. Figures 2 and
3 shows high pass and low pass response of the proposed
filter circuit respectively. Data obtained after analysis
high pass and low pass response is given in Tables 2 and
3. From Figures 2 and 3, it is seen that the gain roll-off
is 18 dB/octave for both the functions and the gain stabi-
lizes to 0 dB at frequency 200Hz. There is no overshoot
in the response. Observed - 3 dB frequency i.e. cutoff
frequency matches with designed value fy. Thus the filter
circuit works ideal for high pass as well as low pass
function. The values of transconductance gains for f,=
100 kHz and 1 MHz obtained are given in Tables 1(a)
and (b) respectively.

6. Sensitivities

The practical solution is to design a network that has low
sensitivity to element changes [14,15]. Thus sensitivity
must be less than limit i.e. unity. The lower the sensitiv-
ity of the circuit, the less will its performance deviate
because of element changes. The sensitivities S and
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S® with respect to the circuit active elements are

G.N. SHINDE ET AL.

shown in Table 4. These values are within the range

0< 87 <1 Itis found that the proposed circuit has very

low sensitivity with respective to active elements.

GAIN (dB)

GAIN (dB)

20

10

10

100
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7. Concluding Remarks

A versatile current-mode active-only filter using OAs

and OTAs has been proposed. The proposed circuit can
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Figure 2. High pass response of proposed current-mode filter.
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Figure 3. Low pass response of proposed current-mode filter.
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Table 1. The values of transconductance gains.

Ema Value in mS for fo= 100 kHz
&ma0 2

&mal 0.356

8ma2 0.0367

&ma3 0.0019

&Embo 2

Emb3 0.0019

(a) for fo,=100 kHz

Ema Value in mS for fo= MHz
&ma0 2

&mal 1.966

&Ema2 1.965

&ma3 1.9

&mbo 2

&mb3 1.9

(b) for f,= 1 MHz

Table 2. Analysis of frequency response of high pass func-
tion for Q =1.

Gain Roll-offin ~ Gain Stabi-
stop band lization
Jo Fon  fo~Fon
(kHz) (kHz) (kHz) Octave F
dB/Octave startingat dB (kH;)
(kHz)
100 100 0 18 500 0
1M M 0 18 500 0 2M

Foy: =3 dB Frequency Fs: Frequency at which gain stabilizes

Table 3. Analysis of frequency response of low pass func-
tion for Q = 1.

Gain Roll-off in Gain Stabili-
stopband zation
Jo Foo  fo~FoL o
(kHz) (kHz) (kHz) tc:ve -
starting s
dB/Octave at dB (Hz)
(kHz)
100 100 0 18 400 0 100
M M 0 18.3 2M 0 100

For: —3 dB Frequency

realize the biquadratic transfer function and the circuit
characteristics can be electronically tuned by the tran-
sconductance gains. From sensitivity analysis, it has been
clearly shown that the proposed circuit has very low sen-
sitivities with respect to the circuit active elements.
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Table 4. Sensitivities Sy° and S .

x AU S5
&ma0 -0.33 -1.0
&mal 0 0
&ma2 0 0
a3 0.33 0
&mbo 0.33 1.0

B 0.33 0

o 0.33 0

Bs 0.33 0

The gain roll-off of high pass and low pass configura-
tion is 18dB/octave.
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