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Abstract:

A universal method for the realization of arbitrary
voltage transfer function in canonic form is presented.
A voltage-controlled current-source using a plus-type
second-generation current conveyor is here applied as
the basic building element. Filters designed according
to this method have a high input impedance and low
sensitivity fo variations of circuit parameters. All
passive elements are grounded.
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Our aim is to realize a two-port , the voltage
transfer function of which

T(s) = P(s)/Q(s) )

has the simplest possible form. Here, P(s) and Q(s) are
polynomials of arbitrary order. Let us denote the maximal
polynomial order as » .

We can use a voltage-controlled current-source (VCCS)
for the above purpose. The realization of a grounded
VCCS using current conveyor CCII+ is shown in Fig. 1,
where the transadmittance of the source is  Ya4y. Second-
generation conveyors CCII were described in [1]. Loading
the above mentioned VCCS in Fig. 1 by a passive one-
port element with the admittance Y sy > WE obtain an
elementary two-port network with a simple voltage
transfer function (VTF): -.

If we connect n loaded VCCS’s according to
Fig. 1 in cascade (see the middle part of Fig. 2), we get a
two-port network with the following VTF
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Fig. 1 Loaded voltage-controlled current-source using CCli+
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Fig.2 = Interconnection of stages for the generalized two-port
network design

The numerator and also the denominator of eqn.
(2) can be expanded by introducing suitable feedbacks.

As an example, let us consider the cascade of 4
elementary two-ports (#=4). The VTF of this two-port
according to eqn. (2) is

_hyry,
AAA

T 3)

Let us denote the live terminal of the input port by
number 1 and that of the ouput port by number 2. We can
enlarge the number of denominator terms in eqn. (3) by
connecting a feedback betwéen the output terminal 2 and
the x-terminal of any CCII+ in the basic cascade using an
unloaded VCCS (sce Fig. 3a) . Each realized feedback
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path adds one new term to the basic term Y,Y4Yglg. in

denominator. Using all possibilities as shown in the lower
part of Fig. 4, we get following terms in denominator of

eqn. (3)
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Fig. 3 a) Feedback element for denominator expansion, b)

Coupling element for numerator expansion

Qs) = Yo¥yYe¥g + Yo¥qY6Yoy + Y2V 4Yp3¥7 +
+¥p¥ppY7¥s5 + Y2 Y7¥5Y3 . @)

Here, symbols Y,y, Y7, Y33 and Yp4 represent

transadmittances of the coupling VCCS's.

The number of terms in the numerator of eqn. (3)
increases when we realize a coupling path from the input
port 1 to some or to all z-terminals of the basic cascade
using simple VCCS’s. If we use all possible connections
as shown in the upper part of Fig. 4, we obtain

P(s) = Y\ Y3YsY7 + Y3¥5¥qY3) + YshpY3F) +
+Y7Y3315F4 + Y34YoYya¥e ®

The term sign in the numerator can be changed if
we use the conveyor CCII- instead of CCII+ as a
forward coupling element .

The use of all coupling elements for the VTF
realization is not necessary. In our case, we can omit
VCCS’s with transadmittances Y3 b Y33, Y24 and Y22 .

Then the generalized VTF of the simplified network has

the following form

KELY, + KLY, + B LYY,

6
AAARSAA AT AA A A

T(s) =

As an example, we will show the realization of a 4th-
order lowpass filter (LPF). First, we delete the coupling
VCCS's with Y35 and Y34 . The remaining term in the

numerator is Y{Y3Y5Y;. Then we choose: Y]=Gj,
Y2=SC1, Y3=Gz, Y4=SC2, Y5=G3, Y6=SC3, Y7=G4,
Y8=SC4+65, Y23=G6 and Y21=SC5+G7 The
corresponding circuit scheme is shown in Fig.5. This

network is simpler than the one recently published in [2].
The VTF of our network is

T(s)= VoV) = GG,G3Gy / (s9C;CoC3C4+
$3C1CC3Gs + $2C1C3G 4Gg + sC5G G 3G 4+
+GG3G4G7) . 0

We can modify the scheme in Fig. 55 when we apply:
Yg=sCy, Yp1=5C5+G5 and Yp3=sCg+Gg.

As a further example, let us consider only two
basic stages connected in cascade with necessary coupling
elements (see Fig. 6a). The generalized VTF is in this case

_hh+h)lh

= 8
LY, + 1,1, ®

T(s)

Deleting the VCCS with Y3, and choosing e.g.

Yl =Gl’ Y2=SC1, Y3=G3, Y4=SC2+G2 and Y21‘—‘G4 we

get a second-order lowpass filter (biquad) with the
following voltage ratio
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Fig. 4 Generalized two-port network for realization of fourth-order voltage transfer function



24 ’ Reallzation of Mth-Order Voltage Transfer Function Using Current Conveyors CCli
J. CAJKA, T. DOSTAL, K. VRBA

Radioengineering
Vol. 8, No. 2, June 1997

,
N B N I U M (7
ENtidbliEN
z Yy ) z Yy
x . ]R' x
RI.LR7 Cs RZ[ 3 'LR6 Y
O—L—, y'e ® -0

Fig.5 Fourth-order lowpass filter with CCIl+

v, GG,
T(s)=?/3—= 5 — . )
, . 8 CC, +5CG, +G,G,

A highpass filter is produced by replacing
resistors by capacitors and vice versa.

Choosing Yl =0, Y2=SC1, Y3=G3, Y4=SC2+Gz,
Y32=G} and Y1=Gy4 we obtain a bandpass filter having
the following VTF

(=" = GGy (10)

V,  s*CC,+sCG, +G,G,

From eqn. (10) it results that the quality factor Q of the
network can be controlled by conductance G,

independently of resonance angular frequency wq , which
is independently controllable by the value of G3 or Gy.

X
Y I ¥52
T AR AT
L fIY.
z Yy
i x
[l]"n ¥ + Y21
o 1 o
a

¥,

(.2

L

I
0

Fig. 6 a) Generalized two-port network for biquads,
b) notch fiter using CCIl+

Finally, choosing Y1=G|, Ip=sCj, Y3=Gj,
Y4=SC2 +Gz, Y32=SC3 and Y21 =G4 the network
represents a notch filter shown in Fig. 6b. Its VTF is

V,)  s’CC+GG;

= (1)
V(s)  5°C,C, +5CG, +G,G,

T(s) =

The advantage of the network described is: 1)
Simple realization of an arbitrary VIF, 2) High input
impedance of the two-port, 3) All passive elements are
grounded, 4) Low sensitivity to variations of network
parameters. , ‘
The notch filter of the structure from Fig. 6b can
be implemented by AD 844 transimpedance opamps,
namely the first part of these can really simulate CCII+
there. Taking a design variant of the values C)= Cp=
C3=C and Rj= R3= R4= R, the parameters of the

notch filter are given by simple formulas

1 R
m=o,=--, Q=1 (12)

Here ay denotes the rejection angular frequency.
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Fig. 7 Simulated frequency-magnitude response of a notch filter acc.
to Fig. 6b

The circuit has been simulated using the PSPICE
A/D program for the following specifications:
Jo = 5 kHz, 0 =1, 10, 100. The passive component values

are R = 3.183 kQ, C =10 nF, and various values of Ry .

The magnitude-frequency responses obtained are shown in
Fig. 7. These confirm that Q-factor can be varied
without affecting the value of g as mentioned above. A

distortion given in Fig. 7 in higher frequency range is an
effect of parasitic performances of the real active
components. Good agreement between these simulated
results and the given theory is apparent.
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