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Novel generalised impedance converters are presented, which use only transconductance elements and=or grounded
capacitors for the realisation of a wide variety of immittance functions. The generalised impedance converters can be
used in the realisation of low sensitivity continuous time filters. The use of transconductance elements and grounded
capacitors in the realisation of continuous time filters lend to electronic tunability and compatibility to integration in
contemporary IC technologies. The generalised impedance converters are also verified using PSPICE-based simulation.
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1 INTRODUCTION

In recent years, there has been a great interest in the design of integrable continuous time

filters using transconductance elements and grounded capacitors (TGC). The TGC circuits

possess superior high frequency performance and economize the chip area requirements as

compared with OTA-C circuits. The TGC circuit provides the attractive implementation of

continuous time analog filters in the CMOS technology [1–7].

In this paper, novel TGC based generalised impedance converters (GICs) are presented.

The GICs use only transconductance elements (TEs) and grounded capacitors in their realisa-

tions. The GICs are capable of realising a wide variety of ideal immittance simulators. These

ideal simulators can be employed for the realisation of integrable low-sensitivity continuous

time filters in CMOS technology.

2 CIRCUIT REALISATION

The basic scheme for realising the generalised impedance converters is shown in Figure 1.

The scheme is basically used for converting a two port network having voltage transfer
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function T(s) and infinite input impedance into grounded immittance simulator, where impe-

dance function at port 1–10 is given by [1, 8]

ZinðsÞ ¼
V

I
¼

1

gT ðsÞ
ð1Þ

where, g is the transconductance gain of the feedback transconductor. The scheme of

Figure 1, has been used to realise a novel generalised impedance converter as shown in

Figure 2. The voltage transfer function block T(s) is realised by cascading four voltage

gain blocks having voltage gain K1, K2, K3 and K4 respectively, and expressed as

T ðsÞ ¼ K1K2K3K4 ð2Þ

where K1¼�g1Z1, K2¼ 1=g2Z2, K3¼�g3Z3 and K4¼ 1=g4Z4. Thus the resulting input

impedance function of the GIC of Figure 2 can be given as

ZinðsÞ ¼
g2g4

gg1g3

Z2Z4

Z1Z3

ð3Þ

By appropriate selection of Z1, Z2, Z3 and Z4, the GIC can realise ideal grounded inductor,

resistor=capacitor multiplier, frequency dependent negative resistor (FDNR) and super induc-

tor [8]. It is to be noted that all the passive elements are in grounded form. Obviously if any

FIGURE 1 Basic scheme for the GIC realisation.

FIGURE 2 The complete GIC.
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of these happen to be a resistor, it can conveniently be replaced by a TE-based grounded

resistor simulator [2]. Thus the resulting GIC will be in TGC form.

It is to be noted that all the four K-blocks may not be required to simulate a single impe-

dance function. The useful combinations of K-blocks to implement the transfer function

block-T for the realisation of various GICs are given in Table I. It is clear from the table

that the basic scheme can be used to realise a variety ideal component simulators, including

negative resistor, negative capacitor, negative inductor, frequency dependent negative resistor

(FDNR), frequency dependent positive resistor (FDPR) as well as the super inductor, through

appropriate selection of passive R, C elements.

3 SIMULATION RESULTS

To verify the theory the prototype band-pass filter (BPF) of Figure 3(a) is transformed into its

FDNR version, as shown in Figure 3(b). The ideal FDNR in Figure 3(b) is replaced by the

TABLE I Realisation of TGC-based GICs.

S.No. T(s) Zin(s) Type of functions available

1 1
1

g
Resistor

2 K2

g2

g
Z2 Resistor, capacitor

3 K1K2 �
g2

gg1

ðZ2=Z1Þ Negative resistor, negative capacitor

4 K3K4 �
g4

gg3

� �
ðZ4=Z3Þ Negative resistor, negative capacitor

5 K1K3

1

gg1g3

ð1=Z1Z3Þ Super inductor

6 K2K4

g2g4

g
ðZ2Z4Þ FDNR

7 K1K2K3

g2

gg1g3

ðZ2=Z1Z3Þ Inductor=super inductor

8 K1K3K4

g4

gg1g3

ðZ4=Z1Z3Þ Inductor=super inductor

9 K1K2K4 �
g2g4

gg1

ðZ2Z4=Z1Þ Negative resistor, negative capacitor,
negative inductor, FDPR

10 K2K3K4 �
g2g4

gg3

ðZ2Z4=Z3Þ Negative resistor, negative capacitor,
negative inductor, FDPR

11 K1K2K3K4

g2g4

gg1g3

ðZ2Z4=Z1Z3Þ Complete GIC

FIGURE 3 (a) Prototype second-order Band Pass Filter (BPF); (b) Transformed FDNR-based version of BPF of (a).
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simulated FDNR obtained from the GIC of Table I (S.No. 6), and the grounded resistor by

the TE-based resistor of Table I [2]. The resulting BPF is shown in Figure 4, with R¼ 1=gR

and D¼ (gC2C4)=(g2g4). The filter’s pole-o0 and pole-Q respectively can be expressed as

o0 ¼
gRg2g4

gC2C4

� �1=2

; Q ¼
1

C1

gRg C2C4

g2g4

� �1=2

ð4Þ

Assuming all TEs identical (i.e. g2¼ g4¼ gR¼ g), and C2¼C4¼C, the pole-o0 and pole-Q

respectively of this BPF reduces to:

o0 ¼
g

C
and Q ¼

C

C1

ð5Þ

FIGURE 4 TE-based version of BPF of Figure 3(b).

FIGURE 5 Frequency response curve of designed BPF of Figure 4.
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The BPF was designed for a centre frequency f0¼ 1 kHz, and Q¼ 5. Assuming g¼ 46 mmho,

Eq. (5) results the component values as C1¼ 1.464 nF, and C¼ 7.321 nF. The PSPICE model

of PMOS and NMOS of Ref. [2], was considered to implement the TEs with gate voltages of

3.2 V in magnitude to set the gm¼ 46 mmho. The simulation results of the BPF using PSPICE

is shown in Figure 5, which demonstrate a close agreement with the theory.

4 CONCLUSION

A simple scheme for the realisation of generalised impedance converters using transconduc-

tance elements and grounded capacitors is presented. The scheme can conveniently provide

the realisation of various types of ideal impedance function simulators including negative

components, super inductor and FDPR. The use of grounded capacitors and transconductance

elements is attractive for monolithic implementation of the GICs in MOS-technology. One of

the GICs is verified using PSPICE-based simulation with good results.
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