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Abstract

This paper introduces a voltage-mode biquadratic circuit using only Operational Amplifiers (OAs) and Operational
Transconductance Amplifiers (OTAs). The proposed circuit can realize low-pass, band-pass, high-pass, band-stop and all-
pass transfer functions by suitably choosing the input and output terminals. And the circuit characteristics can be electroni-
cally tuned through adjusting the transconductance gains of OTAs. Some examples are given together with simulated re-
sults by PSpice. The circuit configuration is very suitable for implementation in both bipolar and CMOS technologies.

1. Introduction

High performance active circuits have received much
attention. Active circuit designs employing active devices
such as OAs, OTAs and second generation current convey-
ors (CCIIs) have been reported in the literature!'¢,

It is well known that active circuits utilizing the finite
and complex gain nature of internally compensated OAs are
suitable for high-frequency operation. Also, OTAs provide
highly linear electronic tunability and wide tunable range of
their transconductance gains. Active circuit designs with
such OA and OTA performances have been discussed pre-
viously!HHs,

At present, there is a growing interest in designing active
circuits that use only active devices. Such a circuit would
facilitate its integratability and programmability. Current-
mode biquadratic circuit configurations employing OAs and
OTAs have already been reported ™). Voltage-mode circuit
configuration has also been discussed'”. Although the
voltage-mode biquadratic circuit above can realize the low-
pass, the band-pass, the high-pass and the band-stop trans-
fer functions except the all-pass transfer function, the cir-
cuit has no independent tuning capability with respect to the
circuit parameters. The voltage-mode biquadratic circuit
with such tuning capability has not yet been studied suffi-

ciently.

This paper focuses on a realization of the voltage-mode
active-only biquadratic circuit. The proposed circuit is
constructed solely with OAs and OTAs. The circuit con-
figuration is obtained from a second-order structure with
two integrator loops. It is shown that the circuit can realize
the low-pass, the band-pass, the high-pass, the band-stop
and the all-pass transfer functions by suitably choosing the
input and output terminals. And the circuit parameters can
be independently set and electronically tuned by the
transconductance gains of OTAs. From sensitivity analysis,
it is also shown that the biquadratic circuit has very low
sensitivity with respect to the circuit active elements.

Some examples are given together with simulated results
by PSpice.

2. Circuit Configuration and Analysis

Figure 1 shows a block diagram of two integrator loop

structure!”! consisting of loss-less integrators. The charac-
teristic equation D (s) is given by

[0
Dp(s)=s2+——-”—s+co; ®
p
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where the characteristic parameters @, and Q, become,

respectively

1 [kpK,

, =1,kf2KlK2, Qp = 2)
kfl K,

From Eq.(2), it is found that @, and @, can be indepen-

dently tuned by adjusting the feedback coefficients k 7t and

k-

Figure 1 Two integrator loop structure.
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Figure 2 Voltage-mode active-only biquadratic circuit.

Figure 2 shows the biquadratic circuit configuration
derived from the block diagram of Fig.1. It can be seen that
the circuit is solely constructed with OAs and OTAs.

Assuming the open-loop gain 4, (s) to be of the follow-

ing form, where B, is the gain-bandwidth product,

A(s) = B (i=12) 3)

S

Routine analysis yields the output voltages V, (s), V,,(s)

and V,,(s) given by

Vo (8) ={B,sV, (s)+k,B,B,V,, () + k,B,sV 5(s)
—B,sV,,(5)~k,B,sV 5 ()} D(s)

V() ={-B,B,V,(s)+ (s +k B,S)B,V,,(s)

~k,B,B,V,,(s)+B,B,V,,(s) ©)
—k,B,B,V(s)}/ D(s)
Vs () ={(k,s+k,B,)BV,(s)—k,B,sV, (5) (6)
—k, SV 5 (8) + 52V, (5) + K, 57V 5 (8)} D(s)
where
a) 3
D(s)=s? +—§°s+a)§
1 (k,B
@, = \k,B,B, sz— ;2 } 0
1 1
k, =Em k, = Em
gm3 gm3

and g_ denotes the transconductance gain of OTA.

The equations formulated above imply that the proposed
circuit can offer a variety of circuit characteristics with
different input and output terminals. And the circuit pa-
rameters @, and Q can be independently set and elec-
tronically tuned adjusting the transconductance gains.
When B, and B, are given, the parameter @, can be set
by k, (ie. g, , and g _.). The parameter Q can also be
setby g, without disturbing @, .

Possible circuit characteristics by choosing the
input and output terminals are shown in Table 1.
One of the realizations of the low-pass (LP), the
band-pass (BP), the high-pass (HP), the band-stop
(BS) and the all-pass (AP) transfer functions is as
follows :

. — Vo2 (S) _ w_g 8
LP: Tp(%) _—V:‘S(s) = D) 3
V() (w,/Q)s
BP: T, SR Ak R )

2 (5) V.() D(s)
. _Vals) _ s’ 10
HP: Tg(s)= Vo DO 10)
V. s(s) s+ a)g
BS: Ty(s)= - (11

Vira () D(s)



Table 1 Realizable circuit characteristics.

Val VoZ V03
Va BP LP —
vV, LP — BP
Vi BP LP HP
Vi BP LP HP
Vis BP LP HP
Vi124 — — BS/AP
V 2 _ 2
AP Tp()=—2l) 5 2@ Dsray

Viiaa (8) - D(s)

where V,,,(s) implies ¥V, (s) =V, (s) =V,,(5)-

Thus, five different circuit characteristics can be easily
realized. However, the realization of the band-stop and the
all-pass transfer functions requires matching the conditions
below in terms of the gain-bandwidth products and
transconductance gains.

BS: kB, =k,B, (13)

AP: k,B, =2kB, (14)

In the proposed circuit, although the circuit parameters @,
and Q can be theoretically set to arbitrary values, the
range of ¢, depends on B, and B,. And it seems that the
value of ( is also limited by the dynamic ranges of OA
and OTA.

Table 2  Sensitivities with respect to circuit
active elements.

x S0 Se
L 0.0 -1.0
82 0.5 0.5
Zm | 05 0.5

B, 0.5 0.5

B, 0.5 0.5

The sensitivities S2 and S¢ with respect to the circuit
active elements are shown in Table 2. These values are
within the range 0 < |Sxy| <1. In particular, the sensitivity
S¢ to the gain-bandwidth product is considered to be zero
from Eq.(7) in the case of B, = B, . From these values, it is

found that our proposed circuit has very low sensitivity with
respect to the circuit active elements.

3. Design Example

As examples, consider the realization of the low-pass, the
band-pass and the high-pass characteristics on Egs.(8), (9)
and (10). In PSpice simulation, a ZAM 741 OA with the
gain-bandwidth product B, =27(1.0027)x10°rad /sec is
used. Also, we have used a CA3080 OTA with a macro
model® shown in Fig.3. Here, it is assumed that the
CA3080 OTA’s parameters are g, =10.0uS, C, =2.6pF .

g, =143uS and C, =3.6pF , respectively.

4

|<

Figure 3 Macro model of CA3080 OTA.

Let us design the characteristics with the cut-off fre-
quency f,(=w,/2x)=70kHz and the quality factor

QO =1.0. The transconductance gains are listed in Table 3.
Figure 4 shows the simulated low-pass, band-pass and
high-pass responses. They are favorable enough over a wide
frequency range.

Other circuit characteristics can also be obtained easily.

Table 3 Transconductance gains.

e value(msS)
£ 0.3491
Zm 0.2437 X 107!
Em 5.000

4. Conclusions

A novel voltage-mode active-only biquadratic circuit has
been proposed. It has been shown that the circuit can realize
five different circuit transfer functions (i.e. the low-pass, the
band-pass, the high-pass, the band-stop and the all-pass
characteristics) by selecting the input and output terminals,
and that the circuit characteristics can be electronically
tuned by the transconductance gains. It has been clearly
shown from sensitivity analysis that the proposed circuit has
very low sensitivities with respect to the circuit active ele-
ments. The simulated frequency responses have been quite
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Figure 4 Simulated frequency responses ( (a) LP,
(b) BP, (c) HP characteristics ).
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good over a wide frequency range. It seems that our
biquadratic configuration is very suitable for implementa-
tion in both bipolar and CMOS technologies.

The non-idealities of active devices may affect the circuit
characteristics. The solution on this will be presented in the
near future.
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