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Abstract: - The paper presents a manner of building up current-mode active filters from voltage-mode active
filters, using the adjoint transformation method. The presented voltage-mode rejector active filter is built with
operational amplifiers. We built the current-mode rejector active filter, using four-terminal floating nullors.
Both filters have the same transfer functions. The filter response curves are also presented.
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1 Introduction

According to the theory of the circuits, filters are
electrical selective networks, which change the
characteristics of amplitude and/or phase of signals
in relation to the frequency. Filters are used in
electronic systems, in order to send the signals from
a certain frequency domain at the output. The
rejector filters [1] suppress the signals from a
particular frequency range, sending at the output
only those signals with frequencies that are out of
the range referred to. The active filters are
characterized by the existence of amplification
elements that provide the signals’ amplification and
of passive elements that ensure the selectivity [2].
The current-mode circuits enjoy significant attention
because they have the advantages of greater
accuracy and wider bandwidth than the similar
voltage-mode circuits. The current-mode analog
circuits can be built up using current-mode building
blocks, such as current conveyors and four-terminal
floating nullors.

The four-terminal floating nullor, having the
acronym FTFN, is a constructive block more
versatile than the operational amplifier or the current
conveyor, combining the advantages of voltage-
mode and current-mode. This explains the interest in
using FTFN when building up the sinusoidal
oscillators, active filters, current amplifiers, voltage-
current converters and gyrators [3].

2 The four-terminal floating nullor
The nullor is a pathological diport, which consists of
a nullator at the input and a norator at the output [4].

A nullor can model an operational amplifier if
certain restrictions are imposed, such as: terminal X
is considered as the inverting input terminal, the
terminal Y is considered as the non-inverting input
terminal and the terminal W is connected to the
ground [4]. The nullor can also model a FTFN as it
is presented in figure l,a. The symbol FTFN is
represented in figure 1,b [5].

b)
Fig. 1. FTFN representation
a) nullor (nullator-norator pair); b) symbol

The relations between the terminals’ currents and
voltages are synthesized in the matrix equation (1).

ix 0 0 0 0f]iw
iy |00 0 0] vy - )
Vx 01 0 0] |vw
iy 1 00 0] vy

From the matrix equation the following relations can
be deduced [4]:

ix =1y =0; (2
Vx =Vy, (3)
iZ =iw. (4)

The output impedances "seen" in terminals W and Z
are arbitrary. A practical procedure for the building
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up of FTFN (figure 2) is presented in paper [6].
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Fig. 2. FTFN built up with two circuits AD 844

3 Adjoint transformation method

The paper [5] describes a method of transforming
voltage-mode circuits into circuits of the same type,
but with a current-mode, known by the name of the
adjoint transformation method. This method can
be very easily put into practice, if the active
components of the circuits are modeled through
nullors. This method can be expressed by the
following:

- In the pair nullator-norator that forms the nullor,
the nullator must replace the norator and vice versa.
- The passive elements in the circuit remain
unchanged.

- The input voltage is replaced by a short-circuit,
and the current flow passing through this short-
circuit becomes the output current of the new circuit.
- A current source is connected to the output port
and the current provided by it is the input current of
the new circuit.

- The controlled voltage sources are replaced by the
controlled current source.

4 Rejector active filter

In figure 3, there are presented two solutions for the
building up of the rejector active filter. The first
solution (Fig. 3,a) is a voltage-mode filter, built with
operational amplifiers [7] and second solution (Fig.
3,b) is a current-mode filter, built with four-terminal
floating nullors. The current-mode filter is obtained
from the voltage-mode filter using adjoint
transformation method. Thus:

- The operational amplifiers are replaced by nullors.
- The adjoint transformation method is applied
according to section 3.

- The new nullors are replaced by four-terminal
floating nullors.
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Fig.3. The rejector active filter obtained with:
a)operational amplifiers; b) FTFNs

5 Filter analysis
The transfer function of the voltage-mode filter (Fig.
3,a) is:

H,(s)= Vo (S) 5)

and the transfer function of the current-mode filter
(Fig. 3,b) is:

H,(s)= 6) (6)
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The functions H;(s) and H,(s) have the same
expression (relation (7)).
2
“(Sj
(’OZ

Hy(s)=Ha(s)=A¢ - 5 » (1)
S + 28 L
©p ©p
where:
R
W, = |[—— (8)
R4R,RoC,C>H
R
Op = [ = ©)
1
Q=—=
% ; (10)
_ Ry(Rs+Rg) RoR3R4C
RiRy +RiR3 +RyR3 | RZR,C,
R5R
Ay =—2-10 (11)
RiRg

Depending on the relation between o, and o, the

following filters are obtained [1]:
- The second order high-pass rejector filter if

©, <Op. (12)
- The second order low-pass rejector filter if

;> 0p. (13)
- The second order actual rejector (notch) filter if

0, =0,. (14)
The sensitivities of the filter parameters ©,, ©,
and Q are:

1
SCOZ — ®, — @, — ®, — ®, — _S(DZ =——; 15
R4 R7 Rg Cl Cz Rg 2 ( )

Op P _q® _ g% _ g% _ (”pz_l.
SR2 —SR4 —SR7 —SCl —SC2 = SR9 % (16)

Q _ «Q _Q_ @ _1.
SR, =Sk, =8¢, =8¢, =7 (17)

Q _ RiR3
R Rle +R1R3 +R2R3

<1;  (18)

Ri{R, -=R;R3 +RsR
_SQ_12 "3 23<

= 1; 19
R, R1R2 +R1R3 +R2R3 ( )

-RiR5 +RiR3 +R»R
_Sg _ 12 13 2 3<1; (20)
3 R1R2 +R1R3 +R2R3

R
S =S =—3—<1. ()
5 6 R5 + R6
From relations (15)-(21) we can see that the
sensitivities are small.

6 Simulation results

We intend to study the three cases of rejector filters,
modeling and simulating their operation with
Electronics Workbench, version Multisim 9.

In order to model and simulate, we take into
consideration the following values for the circuit
components:

- for all versions:

R1:R2:R3:R5:R6:R10:10 kQ, R4:R7:3.3 kQ,
C1:C2:1 5 HF,

- for the version of the high-pass rejector filter, in
order to accomplish the condition (12):

Rs=10 kQ; Re=100 kQ;

- for the version of the low-pass rejector filter, in
order to accomplish the condition (13):

Rg=100 kQ; Re=10 kQ;

- for the version of the actual rejector filter, in order
to accomplish the condition (14):

Rs=10 kQ; Re=10 kQ.

After the simulation, the following frequency
response curves have resulted:
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Fig. 4. Amplitude (a) and phase (b) response curves
for high-pass rejector filter
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Fig. 5. Amplitude (a) and phase (b) response curves
for low-pass rejector filter
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Fig. 6. Amplitude (a) and phase (b) response curves
for actual rejector filter

For the above three cases the resonant frequency
and the quality factor are:

- for the version of the high-pass rejector filter
f=1.02 kHz and Q =§;
- for the version of the low-pass rejector filter
f,=10.2 kHz and Q =§;

- for the version of the actual rejector filter

fi=3.2 kHz and Q= % ;

7 Conclusions

A current-mode second order rejector active filter,
built with four FTFNs, has been described. FTFN
has been obtained, using two circuits AD844. The
current-mode filter has been achieved from voltage-
mode filter, using the adjoint transformation
method. Both circuits have the same expression of
transfer functions.

References:

[1]Mateescu, A., Dumitriu, N., Stanciu, L., Semnale
si  sisteme-Aplicatii in filtrarea semnalelor,
Teora, 2001

[2] Lacanette, K., A Basic Introduction to Filters-
Active, Passive, and Switched-Capacitor,
National ~ Semiconductor-Application  Note,
No.779, 1991, pp. 1-4

[3] Abuelma’Atti, M.T., Al-Zaher, H.A., Current-
Mode Sinusoidal Oscillators Using Two FTFNs,
Proceedings of the National Science Council,
Part A, Republic of China, 1998, pp 758-763

[4] Glnay, E., Uzunhisarcikli, E., Kili¢, R, Al¢i, M,
A Realization of SC-CNN-Based using FTFN,
Turkish Journal of Electrical Engineering &
Computer Sciences, vol 13, No. 1, 2005, pp 39-
50

[5] Uzunhisarcikli, E., The Use of Adjoint
Transformation Method to Transformation
Current Mode from Voltage Mode in Universal
Active Element Based Filters, G.U. Jurnal of
Science, Vol. 17(3), No 3, 2004, pp 179-187

[6] Liu, S.I, Yang, C.Y., High-Input Impedance

Filters using FTFNs, International Journal of
Electronics, Vol, 84, No. 6, 1998, pp 595-598

[7] Floyd, Th., L., Dispozitive electronice, Teora,

2003



