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Abstract : This paper introduces a way to realize high-
pass, band-stop and all-pass transfer functions using
Operational Transconductance Amplifiers (OTAs) and
grounded capacitors. The basic circuit configuration is
constructed with five OTAs and two grounded capacitors.
In the circuit with the proportional block, it is shown that
the circuit parameters can be independently set and
electronically tuned by the transconductance gains.
Although the circuit configuration has been known, it
seems that the feature for realizing the high-pass, the band-
pass and the all-pass transfer functions makes the structure
more attractive and useful. An example is given together
with simulated results by PSPICE.

1. Introduction

High performance active circuits have received much
attention. The circuit designs employing active devices
such as operational amplifiers (OAs), OTAs and second
generation current conveyors (CCIIs) have been reported in
the literature "'H¢],

It is well known that the OTA provides highly linear
electronic tunability and wide tunable range of its
transconductance gain. Also, the OTA-based circuits
require no resistors, hence they are more suitable for
integration than the OA-based and the CCl-based ones.
These features are very attractive to circuit designers. The
circuit designs with the OTA performances have been
discussed in the past [!H3MEHE]

This paper focuses on a way to realize the high-pass, the
band-stop and the all-pass transfer functions with two
integrator loop structure [ consisting of loss-less and lossy
integrators. The basic circuit configuration is constructed
with five OTAs and two grounded capacitors. In the circuit
with the proportional block, it is shown that the circuit
parameters can be independently set and electronically
tuned by the transconductance gains. Although the circuit
configuration has been known, it seems that the feature for
realizing the high-pass, the band-pass and the all-pass
transfer functions makes the structure more attractive and

useful. An example is given together with simulated results
by PSPICE.

2. Circuit configuration and analysis

Figure 1 shows a block diagram of the two integrator loop '
structure with the loss-less and the lossy integrators. The
characteristic equation D,(s) is given by

D_(s) 2+[—’J +w? )
s)=s S+

where the characteristic parameters @, and (), become,
respectively
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It is found from (2) that the parameters @, and ¢, can be
adjusted independently through the feedback coefficients kx
and kﬂ.

Figure 1 Two integrator loop structure.

Figure 2 shows the symbol of the OTA. The current
output /, is given by

I,=g,V.-V.) (©))
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Figure 2 Symbol of OTA.

where g,, denotes the transconductance gain of the OTA.
The transconductance gain for the OTA with bipolar
transistors is given by, where I, is the bias current,

8. =k,1, @)

Also, the transconductance gain for the OTA with MOS
transistors is given by

gn=k,I, ©)

Figure 3 shows the OTA-C circuit configuration derived
from the block diagram of Fig.l. The basic circuit
configuration has already been shown in reference M In
order to realize the high-pass, the band-stop and the all-pass
transfer functions, we consider three input terminals 17;(s),
V2(s) and V;3(s) in the original configuration.

Figure 3 OTA-C circuit configuration.

The routine analysis yields the output voltage V,(s) given
by

VO(S) ={gm1gm2gm4 K](s)_gngéM4 SV,Z(S) (6)
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where
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The equation (6) implies that the circuit in Fig.3 can offer a
variety of circuit transfer functions with different input
terminals.

The high-pass (HP), the band-stop (BS) and the all-pass
(AP) transfer functions can be realized as follows :

. RACE:
B 1w ® =y &~ D6 ©
V) s2+a>§
BS: T, ST ©)
e ST
. V() St (@, / Qs+
AP T”(s)_V,m(S) = ) (10)

where the input voltages Vis(s) and Vis(s) imply Via(s)=
Via(s) and Vi (s)= Via(s)= Via(s), respectively.

In order to realize their transfer functions, the circuit
conditions below are required :

HP : nggm4 = gmsgms
BS: gm2gm4 =gm3gm5 (11)
AP : gngm4 = 2gm3gm5
Considering the circuit conditions above, the circuit
parameters @, and Q become, respectively
HP : g mlg m3 g ml
C C g m3
BS . gmlgm3 gml , (12)
C C g m3

AP . 2gm1gm3
C C ng

Equation (12) shows that the circuit parameter O depends
on wo. It is found that the circuit parameters ¢ and Q can
not be set independently. Therefore, the possible ranges of
the circuit parameters are limited.

In order to overcome the issue above, we add the.
proportional block shown in Fig4 at the input terminal
Via(s). The output voltages with the proportional block are
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Figure 4 Proportional block.

given by, respectively

v (S) — {SZ _ (gm2gm4kp _gMngi)s

W ()/D(s) (13)

8msCs
k -
VO(S) ={s2 _(gngmd P gmsgms)s + g,,,lg,,zgm} (14)
g'"5C2 gm5clc2
x V123 (8)/ D(s)

where k, (= gmp/gmp2) denotes the gain of the proportional
block.

The circuit conditions to realize their transfer functions are
obtained from (13) and (14) as :

HP: kp = gmsgms
gngm4
BS: k,=8ménms | (15)
gm2gm4
28 mEm
AP: k,= Ems
gngrM J

Thus, the high-pass, the band-stop and the all-pass transfer
functions can be realized setting the gain of the proportional
block based on (15). In their transfer functions, the circuit
parameters @, and Q can be set on (7) independently.

In Fig.3, low-pass (LP) and band-pass (BP) transfer
functions can also be realized as follows :

. _V5) _ o
LP: T,(s)= Vo D6 (16)
BP: 7;P(s)=_Vv(_s)=_(_"’L/_Q)_§ (17
Va(® D(s)

3. Design example and simulation results

As an example, consider a realization of the characteristic
with the cut-off frequency fo (= wo /2 7 )= 50kHz, the
quality factor 0= 1.0 and the gain constant A= 1.0. In the
design example, we have used a LAM13600 OTA.
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Figure 5 Simulation results ((a) high-pass, (b) band-stop,
(c) all-pass characteristics).

ITC-CSCC 2002



The transconductance gain g, for the LAM13600 OTA is
given by

g, =192I, (18)
To realize the characteristic above, we have determined that
the transconductance gains g,; (=1, 2, 3, 4, 5= 2.576mS
(7= 1342 1 4) and the grounded capacitors C;= C=
8200pF. The gains of the proportional block take the values
of 1.0 (i.e. gupi= Gmp= 2.576mS), 1.0 (i.e. gmp1= Emp™
2.576mS) and 2.0 (i.e. gnu= 2.576mS and g,= 5.134mS
(= 268.4 1 A)) on (15), respectively.

Figure 5 shows the simulated frequency responses with
PSPICE. They are favorable enough over a wide frequency
range. In this simulation, we have used the LAf13600 OTA
macro model in PSPICE library.

The low-pass and band-pass responses on (16) and (17)
are also shown in Fig.6.

4. Conclusions

A way to realize the high-pass, the band-stop and the all-
pass transfer functions using the OTAs and the grounded
capacitors has been shown. In the circuit with the
proportional block, it has been made clear that the circuit
parameters can be independently set and electronically
tuned by adjusting the transconductance gains. Although
the circuit configuration has already been known, it seems
that the feature for realizing their transfer functions makes
the structure more attractive and useful.

The non-ideality of the OTA may affect the circuit
characteristics. The solution on this will be presented in the
near future.
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Figure 6 Simulation results ((a) low-pass, (b) band-pass
characteristics).
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