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Abstract

One configuration for realizing voltage-mode multifunction filters and another configuration for realizing
current-mode multifunction filters using current feedback amplifiers (CFAs) are presented. The proposed
voltage-mode circuit exhibit simultaneously lowpass and bandpass filters. The proposed current-mode circuit
exhibit simultaneously lowpass, bandpass and highpass filters. The proposed circuits offer the following
features: No requirements for component matching conditions; low active and passive sensitivities; employ-
ing only grounded capacitors and the ability to obtain multifunction filters from the same circuit configura-

tion.
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1. Introduction

The current feedback amplifier (CFA) can provide not
only constant bandwidth independent of closed-loop gain
but also high slew-rate capability. Thus, it is beneficial to
use a current feedback amplifier as a basic building block
to realize analogue signal processing circuits [1-12].

In 1992 [7], Fabre proposed a voltage-mode bandpass
and highpass filters circuit by using two CFAs, one
grounded capacitor, one floating capacitor and three resis-
tors. In 1993 [8], Fabre proposed another voltage-
mode or current-mode biquads. The voltage-mode biquad
exhibits simultaneously bandpass and highpass filters by
using one CFA, one grounded capacitor, one floating ca-
pacitor and two resistors. The current-mode biquad exhib-
its simultaneously bandpass and highpass filters by using
one CFA, two grounded capacitors and two resistors. Sev-
eral single-CFA voltage-mode biquads were proposed in
[9-11]. However, only one filter function (lowpass, band-
pass or highpass) can be obtained in each realization,
which implies the need to change the circuit topology to
obtain other types of filter functions. Moreover, these sin-

gle-CFA voltage-mode biquads employ floating capacitors.

In 1995 [12], Liu proposed four voltage-mode biquads
with high input impedance for realization lowpass, band-
pass or highpass filters by using two CFAs, two (or three)
capacitors and three (or two) resistors. However, only one
filter function can be obtained in each realization. More-
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over, two topologies of Liu’s circuits used floating ca-
pacitors. In 1996 [10], Soliman proposed many volt-
age-mode biquadratic filter circuits. The four two-CFA
biquads in [10] realize lowpass and bandpass filters si-
multaneously and using only grounded capacitors.

In this paper, a new configuration is proposed to real-
ize voltage-mode lowpass and bandpass filters simulta-
neously by using one CFA, two grounded capacitors and
three resistors. One more filtering signal can be obtained
with respect to the previous single-CFA biquads in [9-11]
and two-CFA biquads in [12]. With respect to the volt-
age-mode biquads in [7-8], the proposed circuit uses only
grounded capacitors. The use of grounded capacitors
makes the proposed circuit attractive for integrated cir-
cuit implementation [13]. With respect to the volt-
age-mode two-CFA lowpass and bandpass biquads in
[10], the proposed circuit uses one less active compo-
nents.

One new configuration is proposed to realize cur-
rent-mode lowpass, bandpass and highpass filters simul-
taneously. One more filtering signal can be obtained with
respect to the previous current-mode biquad in [8]. Criti-
cal component matching conditions are not required in
the design of all proposed circuits.

2. Voltage-Mode Circuit

Using standard notation, the port relations of a CFA can
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be characterized by
Ve=Vy, V=V, i,=1, and i = 0. The proposed
voltage-mode circuit is shown in Figure 1. The output
transfer functions of Figure 1 can be expressed as

VIp _GlG3

P 1
Vi, S°C,C,+5C,(G,+G, +G,)+G,G, @

Vio _ sC,G,
Vi, s?C,C,+5C,(G,+G,+G;)+G,G,

Thus, the circuit realizes an inverting lowpass signal at
V), and a non-inverting bandpass signal at Vy,, simulta-
neously. The circuit employs two grounded capacitors,
three resistors and only one CFA. Critical component
matching conditions are not required. Because the output
impedance of the CFA (terminal v,) is very small, the
output terminal of Vi, can be directly connected to the
next stage. The various parameter values of Figure 1 are
given by:

@)

o, - G,G, ’ @, G +G,+G; and
CICZ Q C1
o 1 C.G,G, 3)
G, +G,+G, C,
The gain constants are
Hupy ==t and Hopp =—2—— (@)
P G, PG +G,+G,

One possible design equations for the specified @,
and Q can be obtained by

C, =9C,Q°
G, =G, =G, =3C,0,Q

Under the design Equation (5), the gain constants of
Figure 1 become

©)

H, =-1and H =% (6)

o(bp)

o(Ip)

Figure 1. The proposed voltage-mode lowpass and band-
pass filter.
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All capacitors are grounded in Figure 1. The use of
grounded capacitors is particularly attractive for inte-
grated circuit implementation [13]. Moreover, the ca-
pacitor C, in Figure 1 is connected to the z terminals of
the CFA, this design offers another feature of a direct
incorporation of the parasitic compensation capacitance
(Cp) as a part of the main capacitance [14]. Note that,
while cascade the bandpass signal of Figure 1, other
buffering device is needed because the output impedance
of Vi in Figure 1 is not small.

Taking into account the tracking errors of CFA, namely
Ve=p(s)v, , v,=7(s)v, and i, =a(s)i, , where
a(s) and B(s) represent the frequency transfers of
the internal current and voltage followers of the CFA,
respectively, and y(s) represents the frequency transfer
of the output voltage follower of the CFA. They can be
approximated by the first order lowpass functions [8].
Assuming the circuits are working at frequencies much
less than the corner frequencies of «(s), A(s) and
y(s). thatis, f=1-¢ and & (|&|<<1) is the input
voltage tracking error, y=1-¢, and &, (|g,|<<1) is
the output voltage tracking error, a=1-g and
&5 (&3] <<1) is the current tracking error of a CFA. The
resonance angular frequency e,, bandwidth «,/Q and
quality factor Q of Figure 1 become

o — G,G,ay7, @y _ G, +G,+G, and
’ CC, ' Q G

Q- 1 C.G,Ga @
G, +G,+G, C,
The active and passive sensitivities of this filter are
@ Do 1 Q Q 1
SGz Gz _Sclycz = E ! Scl an _Scz = E !
Q G, o _1 G,
SG1:_—|SG2:__—I
G +G,+G, 2 G +G,+G,
1 G,

All the active and passive sensitivities are no larger
than 1.

3. Current-Mode Circuit
The proposed current-mode circuit is shown in Figure 2.

The output transfer functions of Figure 2 can be ex-
pressed as

LI GG, ®
I, S°C.C,+sC,(G,+G,+G;)+G,G,
|b_p1 _ sC,G, ©)
I, s°C,C,+5C,(G,+G, +G,)+G,G,
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Figure 2. The first proposed current-mode filter.

oz _ -sC,G, (10)
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Thus, the circuit realizes an inverting lowpass signal at
lip, @ non-inverting bandpass signal at Iy, an inverting
bandpass signal at Iz, and a non-inverting highpass sig-
nal at Iy, simultaneously. The resonance angular fre-
quency, @,, bandwidth, @,/Q, and quality factor, Q,
have the same values as in Equation (3). The gains of
Figure 2 are

G G
Hopy ===+ Hyppy =———
(1p) : '
g, TG 4G, +G,
G
H, oo = 3 and H,, =1 (12)

®2) =G +G,+G,

4. Non-ideal Equivalent Circuit of CFA

The non-ideal equivalent circuit model of the CFA is
shown in Figure 3, where R, is the x terminal input re-
sistance, R,//(1/sC,) represents the y terminal parasitic
input impedance, Ry//(1/sC;) represents the parasitic im-

B(s)

Ry
o'

pedance at the compensation terminal z [8]. The typical
data sheet values of the various parasitics for the bipolar
CFAs (such as AD844) are: R = 50Q, C,=55pF,
R,=3MQ , R =2MQ and C, =2pF . When
non-ideal equivalent circuit model of the CFAs are used
instead of ideal ones and assuming the circuits are work-
ing at frequencies much less than the corner frequencies
of a(s), B(s) and y(s), namely, a=p=y=1,
the voltage transfer functions of Figure 1 become

Ve GG (13)
Vi, D(s)
Vip _5C,' G +GGyy 14)
V., D(s)

where
D(s)=5"C,C,'+s[C,"'(G,+G,+G,')+CG,, |+
G,G;'+G,, (G, +G, +G;") (15)
G,'=1/(Ry+Ry,);C,'=C, +C,, (16)

From Equations (13) to (16), undesirable factors are
yielded by the effects of CFA’s parasitic impedances. It
is found that such factors can be made negligible by op-
erating the filters in high frequencies. But, if the filters
are used for lower frequencies, the parasitic impedances
could not be negligible. So the characteristics will depart
from the theoretical values, especially for the bandpass
filter signal in Figure 1. Note that the influence of the
parasitic elements on the frequency response of the cur-
rent-mode filter in Figure 2 can be studies by a similar
procedure, as above.

5. Experimental Results

Experiments were carried out to demonstrate the feasi-
bility of the proposed circuits. The CFA was imple-
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Figure 3. Non-ideal equivalent circuit of the CFA includes the parasitic impedances.
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Figure 4. Experimental frequency responses of Figure 1 design with C; = C, =100 pF and R; = R, = R; =10 kQ . (a) Lowpass
filter (V)p), (b) bandpass filter (Vy,).

mented using one AD844. Figure 4 (a) and (b) represent the frequency responses for the lowpass and bandpass
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filters of Figure 1, respectively, designed with C; = C, =
100 pF and R; = R, = R3 = 10 kQ . Experimental results
confirm the theoretical analysis.

6. Conclusions

In this paper, a configuration for realizing voltage-mode
multifunction filters and a configuration for realizing
current-mode multifunction filters using CFAs are pre-
sented. The proposed voltage-mode circuit exhibits si-
multaneously lowpass and bandpass filters by using one
CFA, two grounded capacitors and three resistors. The
proposed current-mode circuit exhibit simultaneously
lowpass, bandpass and highpass filters by using one CFA,
two grounded capacitors and four resistors. The proposed
circuits have no requirements for component matching
conditions. The active and passive sensitivities are low.
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