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Abstract: - It is well-known that a nullor of the negative-type is a two-port with the null transmission matrix.
But there is no obviously mathematical definition for a plus-type nullor. The authors proposed a matrix
definition for a nullor of the plus-type. Besides, this paper derives out the adjoint component of a plus-type
nullor. A voltage-mode amplifier, an oscillator and a current-mode biquadratic filter that using plus-type nullors
are transformed to their adjoint circuits as examples to demonstrate the usefulness of the new component.
Simulation results are given to confirm the theoretical analysis.
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1 Introduction

In 1954, Tellegen proposed the concept of nullor
(of the negative-type) implicitly with name of ‘ideal
element’ [1]. In 1964, Carlin gave the name of
‘nullor’ [2]. Afterwards the network theory
community accepted a nullor as a basic network
element with the following reasons: (i) a nullor can
be represent by anyone of the four kind dependent
sources with infinite gain, (ii) nullors with resistors
can construct any kinds of finite-gain dependent
source, so they can construct any active device. (iii)
the circuits with nullors are simple to analyze [3-6].
With the invention of the current mirrors, the plus-
type nullor was suggested. Because two plus-type
nullors can be combined to obtain a negative-type
nullor, it is reasonable to regard a plus-type nullor to
be more fundamental than a negative-type nullor.
Speaking more precisely, a nullator and a plus-type
norator (these two components together can be called
a plus-type nullor) are the most fundamental
elements. Because the plus-type nullor has been used
in the design of active filters or sinusoidal oscillators
[7-14], the adjoint circuit of plus-type nullor is
needed.

A negative-type nullor is defined to be a two-port
with the null transmission matrix. However, a plus-
type nullor is a three-port without clearly
mathematical definition but is shown symbolically.
In this paper, the authors suggested a matrix
definition for a plus-type nullor.

Many researchers proposed the adjoint
transformation to convert voltage-mode circuits into
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current-mode circuits, or vice versa [15-20].
Carlosena and Moschytz suggested an adjoint
transformation to replace a nullator by a negative-
type norator and to replace a negative-type norator
by a nullator without changing the passive elements
[20]. The adjoint network of a negative-type nullor is
a negative-type nullor with interchanging the input
port and the output port. But the adjoint network of a
plus-type nullor has not been mentioned, neither has
the adjoint transformation procedure for a plus-type
nullor been presented. In this paper, we derive out
the adjoint component of a plus-type nullor.

Examples for the voltage-mode amplifier,
oscillator and current-mode filter using plus-type
nullors are converted into the current-mode
amplifier, oscillator and voltage-mode filter by
applying the adjoint transformation. For simulations,
the adjoint network for a plus-type nullor can be
achieved by a buffer, a unity-gain inverter
(implemented by an Op Amp) and a negative-type
nullor (implemented by three AD844 ICs).

2 Circuit Description
(i) Definition of a plus-type nullor:
A negative-type nullor is shown in Fig. 1. 1t is

defined as a two-port network with the following
equations:
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Fig. 1 The symbol of a negative-type nullor
(The *-” sign may be neglected).

m :B 3}{“ 0

Equation (1) implies V,=0, 1,=0, V, and I, can be
arbitrary values that determined by the feedback
network [5]. A plus-type nullor (that is also called
plus-type four-terminal-floating-nullor, PFTFN) is
shown in Fig. 2. It is a three-port with V,=0, 1,=0
Is=l,. But no complete mathematical port equations
have been defined clearly yet.

An equivalent circuit of a plus-type nullor is
shown in Fig. 3.
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Fig. 2 The symbol of a plus-type nullor (PFTFN).
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Fig. 3 An equivalent circuit of the plus-type nullor
in Fig. 2.

A matrix equation is given to define the plus-type
nullor. A plus-type nullor is a three-port with the
following matrix equation:

Vi1 0 0 0|V
l:|={0 0 Off -l )
I3 0 -1 0l Vs

From Fig. 3, equation (2) is obvious.

(ii) The adjoint network of a plus-type nullor:

An alternative linear network that realizes the
given transfer function can be created by using the
principle of adjoint network [15-20]. Consider an
arbitrary linear circuit consisting of resistors,
capacitors,  voltage-controlled voltage sources
(VCVSs), current-controlled current sources (CCCSs)
and negative-type nullors. Assume that the circuit is
driven by an independent current source, and that the
output variable is the current flowing through some
port. Then, the transfer function of the circuit is the
ratio of the two currents. The adjoint of this circuit is
found by replacing each element in the circuit with
another element according to the list given in Fig. 4.

We can describe the adjoint transformation
procedure as follows. First, replace the input current
source with an open circuit and call the voltage
across it the new output response variable. Second,
attach new input voltage source to the output port in
the original circuit. This is the new input, and the
transfer function of this “adjoint circuit” is the ratio
of voltages. Next, replace each CCCS with a VCVS

Issue 9, Volume 5, September 2008



Chun-Li Hou, Jiun-Wei Horng, Chun-Ming Chang,
WSEAS TRANSACTIONS on ELECTRONICS Chao-Yu Hung, Wei-Ching Chang

with the same gain. The output port of the VCVS
should be connected to where the input port of the
original CCCS was; the input port of the VCVS
should be connected to where the output port of the
original CCCS was. The resistors and capacitors are
left unchanged. Finally, interchange nullators and
negative-type norators. The result is an alternate
circuit with exactly the same transfer function.

element adjoint
Iin
Vout
1 0—@—0 2 1 o— te2
1', 1/‘;'”
out
] o0—e—?2 1 o—@—o 2
R R
C C
1l e—]}—2 l e—}—2

1 . 3 1 L prnd 3
Hi i v HY
2 4 2 oo 4
1 3 1 3
23 Ezl QE(E:Al

Fig. 4 Several network elements and their
corresponding adjoint elements.

Fig.5 (@) The plus-type nullor.
The circuit symbol of the plus nullor is shown in (b) The adjoint network of plus-type nullor
Fig. 5(a). Applying the adjoint transformation (ADJPN).
procedure to Fig. 5(a) gives the circuit in Fig. 5(b),
which is a new device we call it adjoint network of
plus-type nullor (ADJPN). The circuit symbol of the

oV
ADJPN is shown in Fig. 6. The terminal WW ?
characteristic of the ADJPN can be described by the
following matrix equation: ()
V2 -1 0 O V3 _Unitygain
|2 _ O 0 0 —Il (3) zl inverter
I3 0 0 0]V, [ 15 ZZ
+° V3

(@)
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(b)
Fig. 6 ADJPN circuit symbol.

3 Applications Based on ADJPN

(i) The adjoint network of the amplifier

Fig. 7 shows a voltage-mode amplifier circuit
based on one plus-type nullor. The circuit realizes
the following voltage transfer functions:

Va _ R +R, 4
Vln Rl
Y2 R ©
Vin Rl
Vinc ................................ Ve,
................................ l il
L1
Ra Vou
Ri
(a)
Io V'
= R3 Iin2

(b)

Fig. 7 (a) The plus-type nullor based amplifier.
(b) The adjoint network of (a).
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Applying the adjoint network transformation method
to the circuit in Fig. 7(a) gives the circuit depicted in
Fig. 7(b).

From Fig. 7(b)

R+Roy R
inl

R, R,

Io :( Iin2 (6)

(ii) The adjoint network of the oscillator

Fig. 8 shows a sinusoidal oscillator presented in
[10]. The characteristic equation of the sinusoidal
oscillator is:

Y4(2Y2Ys5+YY3+Y Yt Y3 Ye-Y1Y3)+Y Y, Y5=0
(7

Applying the adjoint network transformation
method to the circuit in Fig. 8 gives the circuit
depicted in Fig. 9. Note that Fig. 8 and Fig. 9 have
the same characteristic equation as given in equation
(7). If we select admittance Y;=sC;, Y,=sC,, and the
rest conductance (G=1/R), (7) becomes

$°C,C,G; +5G,[C, (2G, + G, + G,) —C,G,]
+G,G,G, =0 ®8)

The oscillation condition and oscillation frequency
are given by (for C;=2C,)

R, R, R,
wo:i L (10)
C, | 2R,R,R,

Fig. 8 The oscillator using plus-type nullor [10].
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Fig. 9 The oscillator using ADJPN.

(iii) The adjoint network of the filter
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Fig. 10(a) shows a current-mode universal
biguadratic filter presented in [9]. The circuit realizes
the following current transfer functions:

IOUtl — B SZClCZ (11)
I, s°C,C, +sC,G, +G,G,

Iout2 — SCZGl (12)
I, s°C,C, +sC,G, +G,G,

Iout3 _ _G1G3 (13)

I, s’C,C,+sC,G, +G,G,

Applying the adjoint network transformation
method to the circuit in Fig. 10(a) gives the circuit
depicted in Fig. 10(b), from which the output voltage
can be obtained as

Iin

gr. of 7™

VinZ

(b)

Fig. 10 (a) The current-mode universal biquad by Ozoguz and Acar [9].
(b) The adjoint circuit of (a).
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_ SZC1(:2\/in1 + SCZGlVin2 B GlG3Vin3

V 2
s’C,C, +5C,G, + G,G,

out

(14)

From (14), we can see that five circuit types can
be obtained from Fig. 10(b):
1) if Vin2 = Ving = 0 (grounded); Vin: = input voltage
signal, a highpass filter can be obtained;
2) if Viny = Ving = 0 (grounded); Vi, = input voltage
signal, a bandpass filter can be obtained,;
3) if Vini = Vinz = 0 (grounded); Vins = input voltage
signal, a lowpass filters can be obtained,;
4) if Ving = 0 (grounded); Vin1 = Vinz = input voltage
signal, a notch filter can be obtained,;
5) if Vin1 = Vin2 = Vinz = input voltage signal and R; =
R, an allpass filter can be obtained.

Thus, the circuit is capable of realizing all filter
functions. The circuit requires the minimum number
of passive components with no requirement for
matching conditions. Moreover, the three input
signals, Vin1, Vinz and Vins, are connected to the high
input impedance input nodes of the three ADJPNS,
respectively.

4 Simulation Results

The circuit symbol of a current-feedback
amplifier (CFA) is shown in Fig. 11(a). Its
characteristic can be expressed as

(a)

Vo
Vx

\Z

(b)
Fig. 11 (a) Circuit symbol of AD844.
(b) The equivalent circuit of AD844.
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0
0 and v, = v, (15)
1

From equation (15), the CFA can also be expressed
by a plus-type nullor and a voltage buffer as shown
in Fig. 11(b).

In simulations or experiments, a negative-type
nullor can be constructed by two AD844 ICs as
shown in Fig. 12 [7]. A plus-type nullor can also be
constructed by two AD844 ICs as shown in Fig. 13

8.

=

+
CFA‘

CFA z
+

N

Fig.12 Two AD844 ICs form a negative-type nullor.

Y O—
CFAz
X O—

+
CFA 7
W o—— -

Z

Fig. 13 Two AD844 ICs form a plus-type nullor.

The ADJPN can be obtained by using three
AD844 1ICs, a voltage buffer and a unity-gain
inverter as shown in Fig. 14.
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Fig. 14 The simulated circuit of ADJPN.

Hspice simulations were carried out to
demonstrate the feasibility of the proposed circuit in
Fig. 7(b). Fig. 14 shows the implementation of
ADJPN using two HA17741 Op Amps, three AD844
ICs, R=10k ©QQ and +5 V power supply. The
proposed current-mode adder was built with R; = R,
= Rz = 10k€Q). The square waveform with 100 x A

peak-to-peak and 0.5 kHz was applied to lin;. The
square waveform with 100 x A peak-to-peak and 0.5

kHz was applied to li,.The output waveform is
shown in Fig. 15.

Hspice simulations were carried out to
demonstrate the feasibility of the proposed oscillator
circuit in Fig. 9. Fig. 16 shows the simulation result
of Fig. 9 with oscillation frequency 19.6 kHz:

Ci=2nF, C,=1nF, Rs= 33k Q , R,=10k Q ,
R5:10kQ , R5=1OkQ .
Hspice simulations were carried out to

demonstrate the feasibility of the proposed voltage-
mode universal biquadratic filter in Fig. 10(b). Fig.
17 represents the simulated frequency responses for
the highpass filter design with Vi = Viz = 0
(grounded), Viny = Vin, C1 = InF, C, = 10nF, R; =
10k Q, R, = Rz =1k Q. Fig. 18 represents the
simulated frequency responses for the bandpass filter
design with Viy = Ving = 0 (grounded), Vin, = Vin, Cy
= 1nF, C, = 10nF, R; = 10k Q2 , R, = R3 =1k Q). Fig.
19 represents the simulated frequency responses for
the lowpass filter design with Vi = Vip = 0
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(grounded), Vinz = Vin, C1 = InF, C, = 10nF, Ry =
10k Q, R, = Rz =1k Q. Fig. 20 represents the
simulated frequency responses for the notch filter
design with Vi,, = 0 (grounded), Vin1 = Vinz = Vin, C1
= 1nF, C; = 10nF, R; = 10k Q2 , R, = R3 =1k Q.. Fig.
21 represents the simulated frequency responses for
the allpass filter design with Vin: = Vinz = Ving = Vin,
Ci=1nF, C,=10nF,R; =10kQ, R, = R3; =1k Q2.

5 Conclusion

The negative-type nullor is a two-port network
with the null transmission matrix. The authors
suggested a mathematical matrix definition for the
plus-type nullor. Because there are many plus-type
nullor-based circuits, the adjoint circuit of plus-type
nullor is needed and defined in this paper. Moreover,
this paper converted a voltage-mode amplifier, an
oscillator and a current-mode filter with plus-type
nullors into their current-mode amplifier, oscillator
and voltage-mode filter counter parts by applying the
adjoint transformation, respectively. For simulations,
the adjoint network for a plus-type nullor (ADJPN)
was achieved by a buffer, a unity-gain inverter (via
Op Amp) and a negative-type nullor (using three
AD844 ICs).

Acknowledgment

The National Science Council, Republic of China
supported this work under grant number NSC 97-
2221-E-033-056.

References:

[1] B. D. H. Tellegen, La recherche pour une serie
complete d’elements des circuits ideaux non-
linearires, Rend, Semin, Mat, Fis, Milano, Vol.
25, 1954, pp. 134-144.

[2] H. J. Carlin, Singular network elements, IEEE
Trans Circuit Theory, Vol. 11, 1964, pp. 67-72.

[3] S. K. Mitra, Analysis and synthesis of linear
active network, Wiley, New York, 1969.

[4] G. S. Moschytz, Linear integrated networks:
fundamentals, VVan Nostrand-Reinhold, New York,
1974,

[5] L. T. Bruton, RC-active circuits, Prentice-Hall,
Englewood Cliffs, NJ, 1980.

[6] N. Balafanian and T. Bickart, Linear Network
Theory, Matrix, New York, 1981.

[7]1S. 1. Liu, Single-resistance-controlled sinusoidal
oscillator using two FTFNs, Electron. Lett.,
Vol.33, 1997, pp. 1185-1186.

[8] H. Y. Wang and C. T. Lee, Realisation of R-L
and C-D immittances using single FTFN,
Electron. Lett., Vol. 34, 1998, pp. 502-503.

[9] S. Ozoguz and C. Acar, Single-input and three-

Issue 9, Volume 5, September 2008



WSEAS TRANSACTIONS on ELECTRONICS

output current-mode universal filter using a
reduced number of active elements, Electron.
Lett., Vol. 34, 1998, pp. 605-606.

[10] D. R. Bhaskar, Grounded-capacitor SRCO using
only one PFTFN, Electron. Lett., Vol. 37, 2001,
pp. 1156-1157.

[11] C. T. Lee and H. Y. Wang, Minimum realisation
for FTFN-based SRCO, Electron. Lett., 37, 2001,
pp. 1207-1208.

[12] N. A. Shah, S. Z. Igbal and B. Parveen, SITO
high output impedance transadmittance filter
using FTFNs, Analog Integrated Circuits and
Signal Processing, Vol.40, 2004, pp. 87-89.

[13] D. R. Bhaskar and R. Senani, New FTFN-based
grounded-capacitor SRCO with explicit current-
mode output and reduced number of resistors,
AEU Int. J. Electron. Commun., Vol. 59, 2005,
pp. 48-51.

[14] P. Kumar and R. Senani, Improved grounded-
capacitor SRCO using only a single PFTFN,
Analog Integrated Circuits and Signal
Processing, VVol.50, 2007, pp. 147-149.

[15] G. W. Roberts and A. S. Sedra, All current

mode selective circuits, Electron. Lett., Vol. 25,
1989, pp. 759-760.

100u

Iinl{A)

|

100u

linZ{A)

300u

200u

(Y]

(] 2M  Time(s)

Chun-Li Hou, Jiun-Wei Horng, Chun-Ming Chang,
Chao-Yu Hung, Wei-Ching Chang

[16] B. B. Bhattacharyya and M. N. S. Swamy,
Network transposition and its application in
synthesis, IEEE Transactions on Circuit
Theory, Vol.18, 1971, pp. 394-397.

[17] A. Carlosena and G. S. Moschytz, Nullators and
norators in voltage to current mode
transformation, International Journal of Circuit
Theory and Applications, VVol. 21, 1993, pp.
421-424.

[18] H. Schmid, Circuit transposition using
signal-flow graphs, IEEE International
Symposium on Circuits and Systems, Scottsdale
Arizona, May 26-29, 2002, pp. 1125 - 1128.

[19] J. M. Garcia-Ortega, E. Tlelo-Cuautle and C.
Sanchez-Lopez, Design of current-mode Gm-C
filters from the transformation of Opamp-RC
filters, Journal of Applied Sciences, Vol. 7,
2007, pp. 1321-1326.

[20] A. Carlosena and G. Moschytz, Nullators and
norators in voltage to current mode
transformations, International Journal of
Circuit Theory and Applications, Vol.

1993,
pp. 421-424.

21,

Bm

Fig. 15 The simulated input and output waveforms of Fig. 7.

150m |

Vaolt
o

-150m

Fig. 16 The simulated sinusoidal output waveform of Fig. 9.

ISSN: 1109-9445

404

Issue 9, Volume 5, September 2008



Chun-Li Hou, Jiun-Wei Horng, Chun-Ming Chang,
WSEAS TRANSACTIONS on ELECTRONICS Chao-Yu Hung, Wei-Ching Chang

180

b

& B
g 3
£ o
3 &
) 3

-45
-180
-50 |
1k Frequency(HERTZ) 100k

Fig. 17 Simulated frequency responses for the highpass filter design with Vi, = Vins = 0 (grounded), Vins = Vin.
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Fig. 18 Simulated frequency responses for the bandpass filter design with Vin: = Vinz = 0 (grounded), Vinz = Vin.
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Fig. 19 Simulated frequency responses for the lowpass filter design with Vin; = Vin, = 0 (grounded), Vinz = Vin.
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Fig. 20 Simulated frequency responses for the notch filter design with Vi, = 0 (grounded), Vin1 = Vins = Vin.
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Fig. 21 Simulated frequency responses for the allpass filter design with Vin; = Vinz = Ving = Vin.
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