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ABSTRACT

In this paper, eight new equivalent circuits for the FTFN+ in PSPICE simulator are
proposed. The new equivalent circuits for FTFN- are simpler and occupy fewer memories as well
as take less time than the previous published equivalent circuit. The equivalent circuits for FTFN+
are also proposed in this paper. The simulation results of FTFN + networks using the equivalent

circuits are compared with the theoretical analyses.

Key words: FTFN =+ (plus and negative type four-terminal-floating nullors).

I. Introduction

Because the dependent sources and all of the generalized
immittance converters (GICs) may be modeled by using RC—
FTFN+ networks, the ideas of the FTFN* as network
elements are very important and helpful in the synthesis and
analysis of active networks. Nevertheless, the FTFN=+ [1]
are ideal elements, it is not easy to use digital computer for
simulation. The authors give a new, simple and elegant way
to explain the principle of an FTFN- which is quite different
from the traditional way. Four equivalent circuits of an
FTFN- are proposed, each contains single dependent source
only. While the already available one [2] in Fig.1 which
employs two dependent sources, it is apparent that the new
equivalent circuits are simpler and occupy fewer memories
and take less time especially for the networks containing lots
of FTFN-. An FTFN + [3], which was called OMA
(Operational Mirrored Amplifier) before[4] ,
PSPICE simulated equivalent circuit given yet. The authors
propose four equivalent circuits for an FTEN+. A filter with
OP AMPs (operational amplifiers) replaced by using the
equivalent circuits of an FTFN- is simulated. The simulation

has no simple

—109—

results are obtained to verify the usages of the equivalent
circuits.

II. Illustration

A. It is well-known that an infinite-gain controlled sources of
any four types in Fig.2 is exactly equivalent to an FTFN-
[5]. However, the explanations are indirect and complicate.
The authors try to clarify the above interpretation directly,
simply and obviously.

There are four types of dependent sources:

(A) Voltage-controlled-current-source(VCCS)

In Fig.2(a), I,=0, L,=g_V,. If the value of g, approaches
infinite, the value of I, is finite, and V,=(I,/g,) is equal to zero.
It is clear that for the input-port: I,=0, V=0, and . for “the
output-port : the value of V,(the voltage across the dependent" .

current source) is arbitrary; and I,, whose Value is'the product .

of infinite g, and zero V,, is arbltrary From the above
discussion, this is an FTFN-. 12
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Fig.1 Equivalent circuit for the FTFN-.
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Fig.2 Four-type dependent or controlled sources.
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Fig.3 The FTFN+ circuit.

(B) Current-controlled-voltage-source(CCVS)

In Fig.2(b), V,=0, V,=R_1,. If the value of Rm approaches
infinite, the value of V,is finite, and I,;=(V,/R,)) is equal to
zero. It is clear that for the input-port: I,=0, V,=0, and for the
output-port : the value of I(the current through the dependent
voltage source) is arbitrary; and V,, whose value is the
product of infinite Rm and zero I,, is arbitrary. From the above

consideration, this is an FTFN-.
(C) Voltage-controlled-voltage-source(VCVS)

In Fig.2(¢), I,=0, V,=A,V,. If the value of Ay approaches
infinite, the value of V, is finite, and V,=(V.,/Ay) is éqﬁialf'to" e
zero. It is clear that for the input-port: [,=0, V,=0, and for'the . -
output-port : similar to type(B), the valu:efof' L ca
arbitrary. This is an FTFN-. T
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(D) Current-controlled-current-source(CCCS)

In Fig.2(d), V,=0, L=A[l,. If the value of A
approaches infinite, the value of I, is finite, and I,=(1,/A))
1s equal to zero. It is clear that for the input-port: 1,=0,
V,=0, and for the output-port : similar to type(A), the
value of I, V, can be arbitrary. This is an FTFN-.

In summary, all four type controlled sources in Fig.2
can become FTFN- as the values of g, R, A, and A,
approach infinite. Because digital computer can generate

BHI/DF Filte

only finite number, we may use a number large enough
such that the error can be neglected. For example, we
may let g, =100T(S), R, =100T( Q ), Av=100T(V/V),
A=100T(A/A) to substitute into the corresponding source
in Fig.2(where 1T=10'?). These equivalent circuits.can
be employed in PSPICE simulator. It is obvipuks”f'that:only
one dependent source is necessary for an'FTFN- 1 3
of the equivalent circuit of the two dependent sources m

—111—

stead . .




CHUN-LI HOU, CHEN-CHUAN HUANG, CHEN-KUM CHANG AND CHUN-MING CHANG

4E0d , - - -
------- oo em b The- !EM‘;EFESWSGS ed' ihp -and- %'bp R EhRRE EEEER
SIROURR SIS S . - R S

wof— z s
------- T B S R IR
T T PN SRS S i A I
SRS S PR R S S S AR
1 t 1 1 ¥ b
_hﬂad ] I L ] I i

> PUR2:2}) v P{U{RU:1))
k'w 1 ]
"""" R S R | X aamr}fml\ea st m"’mf‘wbp S
....... RN IS BTN M-S idnicht BEGL BERAR
2.8
T T Ve
i i i i ”
Spl
18z 18882 1.8KHz 19KHz
0 B(R2:2) o U{AA:1)
Frequeacy

Fig. 6 The gain responses and phase responses of BHI / DF Filter in Fig.5.

B. For the FTFN+ in Fig.3, I,=0, V,=0, 1,=1,.This is a three-
port element. Four types of simulated equivalent circuits
of an FTFN+ are shown in Fig.4. Note that the voltage
between nodes Z and W is arbitrary.

I11. Simulation results

In order to verify the equivalent circuits in the
simulations of FTFN =, we want to substitute them in turns
into the networks in Fig.5 .

In Fig.5, fomnr the ideal OP AMPs(which are nullors),
We take turns to employ BHI/DF filter {5] with the OP AMPs
replaced by the equivalent circuits shown in Fig.2(a) (each
VCCS with g, ,=100T(S)). For ideal OP AMPs , V(R2:2) ,
V(R4:1) are highpass- and bandpass- outputs by theoretical
analysis. The simulation results are shown in Fig.6. It is
obvious that the
prediction.

simulation results fit the theoretical

IV. Conclusions

The authors propose eight equivalent circuits to simulate
FTEN=. In PSPICE simulator, all the cquivalent circuits arc
alike for the digital computer. For current-controlled-sources,
a voltage source with Ov should be inserted to the shorted
input-port to give the flowing direction of the input current;
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For voltage-controlled-source , a resistor with large resistance
(1TQ or more) have to be added to the open input-port to
avoid the terminals of the input-port floating.Current-
controlled-sources have a given current flowing direction at
the input-port, while voltage-controlled-sources must add a
resistor to have high input resistance. Therefore, current-

controlled-sources are simpler than voltage-controlled-

sources.
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