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Immittance Function Simulators
Using a Finite Gain-bandwidth Product of
Operational Amplifier and Their Applications

by
Masaru Isuma*, Michimasa SuENaGa*+, Yutaka Fuxkur* and Keisuke EBisuTant®

% Department of Electrical and Electronic Engineering

% % Yamaguchi Broadcasting Ltd,

(Received September 1, 1991)

A method for utilizing the immittance function simulators using a finite gain-
bandwidth product of an operational amplifier is presented. High Q 2nd-order band-
pass filter can be realized by using the proposed active-C and active-R simulators.
Experimental results agree well with theoretical ones.
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1. Introduction

Many papers on the immittance simulator using active elements have been ceported ' '®.
These simulators can be applied for realizing the immittance function of various electronic
networks, such as the filter circuit and oscillater. Several applications of the immittance
function simulator using a finite gain—bandwidth product of an operational amplifier has been

given by the authors ' '=,

Combining two immittance function simulators in parallel, one of
which contains a negative circuit element, has not been considered as yet.

In this paper, we deal with the two simulators, one is an active—C simulator for
generating a negative conductance (negative G) in parallel with a capacitance (C) and the
other with an active-R simulator for generating positive conductance (G) in parallel with an
inductance (L). By combining the both simulators in parallel, we can obtain the simulator of
C~G-L paralle! connection. As an application of such simulator, a high-Q 2nd-order bandpass
filter is presented. Finally, we consider a realization of 2-port network, that is Pi network

composed of wvarious circuit elements such as a capacitance, an inductance and a frequency

dependent negative resistance (FDNR).

2. Circuit configuration

The authors have presented the active—C simulator for realizing a negative conductance in

[ =2

parallel with a capacitance By combining the negative G-C parallel simulator with the

parallel G-L simulator, we can realize the 2nd-order bandpass filter with a high-Q factor

(a) (b)

Fig.1 Negative conductance - capacitance parallel simulator and

its equivalent circuit.
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(a) (b)

Fig.2 Conductance — inductance parallel simulator and

its equivalent circuit.

Figs.1 and 2 show the simulation circuits and their equivalent circuits for generating the
negative G-C parallel connection and G-L parallel connection, respectively. Notice that the

both schemes are active-C and active-R form, respectively.
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Fig.3 High-Q 2nd-order bandpass filter and

its equivalent circuit.
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Figs.3C¢a) and (b) are the high—-Q 2nd-order bandpass filter using the above simulators and
its equivalent circuit. The driving—point admittance function Y:.n viewed from terminal 2 is
calculated by using the single pole model for the open—loop gain A, of operational amplifier,
that is , A=B./s, where B. denotes the gain-bandwidth product of the amplifier. Then we can

obtain Yin as shown below.

Y., = sC.+ 6+ 1/sL, (N
G = C1(C+C5)/(C+C,+C3) (2)
Ly = (64+6,+65)/(6,6,8) (3)
G =6, + 6, (4)
6. = =C;C,B/(C,+C,+C3) (5)
G, = 61(6,+63)/(6,+6,+63) (6)

Where Bi=B==B.

Then, the transfer function T (=Ve/V.), gain constant H, @ o and @ for the scheme shown

in Fig.3(a) are given as follows.

T =6,/(6; + Y,

= HS/T s% + (wp/Q)s + wp? ] (7)
H=6, /C, (8)
W= 1/ L. C (9)
Q= [1/(6, + &)1 €, /L, (10)

From Eq. (7, we can see that the proposed circuit has the characteristic of 2nd-order
bandpass filter. Since G. is negative as shown in Eq. (5), the condition G=GotG. > 0 must be
satisfied for stable operation. Then it is clear that the bandpass filter circuit with high @

can be realized by minimizing the value of G.
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3. Experimental results
The operational amplifiers used in the experiment were LF356 satisfying the condition of

the gain—bandwidth product B./(2 7 Y=Bz/(2 m >=4.5[MHz} at £ 15(V) regulated supply. And

also, the input signal | V: | was 100[mV].

w——— : Theoretical

ITI (dB) O : Experimental
20—
0t
w0/2n = 12.0 kHz
T Q= 130.8
L=393uH , G.=91.0uV
40 |- Cc=449nF y GC=—67.5uU
-60 {— C]=940nF ' Cz=860nF , C3=5pF
G,=100uV", G,=1.00mV", G,=10. 0wV
-80 J ] ] ] G1.=100u'U'
0.1 1 10 100 1M
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Fig.4 Experimental result.

Fig. 4 shows the frequency response of the high Q 2nd-order bandpass filter. The cutoff
frequency @ o/(2 7 ), Q and simulated theoretical values of C, G and L for the scheme are
given in the figure. We can see that experimental results agree well with the theoretical
ones, and the 2nd-order bandpass filter circuit using the C-G-L parallel simulator works

successfully over the wide frequency range.

4, Realization of 2-port network

We have explained the simulation circuit of l-port type, that is, the grounded immittance
function simulator. In this chapter, we deal with the simulator of 2-port type, such as Pi
network and T network etc.

Fig.5 (2) and (b) show the 4th-order bandpass filter using the proposed simulator of
2-port type, and its equivalent circuit, respectively. If we express the relation between port

1 and 2 of the scheme in terms of the y parameters, we obtain
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Fig. 5 4th-order bandpass filter and its equivalent circuit.
(1+A34+A12A34)/R -A12A34/R
Lyl= (1)
-A12A34/R (1+A34+A12A34)/R
where
\
R1 = R‘2 = R
A1 —A2=A12 (12)
Ay = Ay = Ay
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The each simulated element values are given as follows.

Re = R
Lo = R/ 834
Me =R/ 812 834

The transfer function T(=Ve/V) of the circuit of Fig.5() is

4

T = eS? / ( s*as3+ps2ics+d )

where

a = (1+01ReX)/(CjRe)

- 2
b= (ZXMe+C1.Re )/(CTReMe)

_ iyl
c = (X Me+2Re)/(C1ReMe)

d=2X/ CiMe
e = Re / Me
X = Re / Le

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)
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From Eq. (16), it is shown that the proposed circuit has the response of 4th—order bandpass

filter,

5. Conclusion

In this paper, we have proposed I-port and 2-port immittance function simulators using a

finite gain—bandwidth product of an operational amplifier. It has shown that

the 2nd-order

bandpass filter using the proposed l-port simulators has a magnitude characteristic with a

high Q. Theoretical analysis showed that the proposed 2-port simulater can be applied to

4th-order bandpass filter.
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