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Abstract—A simple design for realizing a Bode-type amplitude equalizer is proposed. It allows any arbitrary, but
RC realizable, shaping function and whole range. The Bode-type amplitude equalizer using current feedback
amplifier isderived which can operate satisfactory at much higher frequencies compared to the operational amplifier
based ones. Simulation resultsarein good agreement with the theoretical ones.

K eywar ds—Bode-type amplitude equalizer, Current feedback amplifier, Whole range, Voltage-mode, Current-
mode, Grounded resistor.

I. INTRODUCTION

The transfer function

1+ XH (@)
X+H

suitable for a single resistance variable amplitude equalizer (SRVAE) has been suggested by Bode [1]. It has the
interesting characteristics: (1) When X =0, T(s) = 1/H and when X = oo, T(s) = H. The H is called the shaping
function. T(s) exhibits flat response when X = 1. Thus, a geometric variation of X from 0 to « around 1 results
in an arithmetic variation of the logarithmic frequency response. (2) The X is a dimension less number. It is
usualy a function of a variable resistance Ry. The difference in the corresponding values of Ry required to
realize T(s) asH and U/H is called the whole range (WR). The WR for T(s) given by (1) is [0, «]. (3) When X
— X, T(s) = UT(s) = G(s). Thus one has to realize only T(s) or G(s). Inverse is obtained by replacing X by
VX. (4) When H — 1/H, T(s) — G(9). (5) The X and H are interchangeable.

Several SRVAESs [2]-[6], are known. Saraga and Zyoute [2] redlize T(s) as given in (1) with H = Z/(Z + R,)
where R, is a reference resistance. Thus the WR is [, 0]. Their circuit requires 2 op-amps (OASs), one for
negative impedance converter (NIC) and another for buffer. Though Brglez's SRVAE [3] is cascadable and has
the same H but WR [0, 2R], it also needs an NIC. Zyoute [5] proposed a single OA cascadable equalizer with H
=Z/(Z+ 2R,) and WRis [0, «]. Since a practical variable resistance cannot have an infinite range, Talkhan et al.
[6] has reduced the WR to [0, R,] for the same circuit by choosing different values for the circuit elements. In
the above SRVAES, block H does not appear explicitly in the circuit. Hence, one has to accept whatever H is
realized. Nowrouzian and Fuller [7] proposed a block diagram for realizing G(s) for any specified H, but with a
WR [0, «]. They have given an example for realizing G(s) with , _ R, +Z | It requires (after correction) 5 OAs.

R, -Z
Nowrouzian et al. [8] has also given another method in which specified H is converted into shaping function Z
and then G isrealized by inserting Z in a 3-port resistive network. It also hasthe WR [0, «].

In this paper, we suggest a design that can accommodate any specified (but realizable) H and also any desired
WR.

T(s)=

Il. DESIGN
Transfer function given by (1) can be expressed as
G(s) = X ,H_. 2)
1+XH  1+XH

One can easily conceive a block diagram for G as shown in Fig. 1(a). However, it requires two X and two H
blocks and, therefore, does not meet our goal. The lower (upper) block can be eliminated by modifying the
upper (lower) block by using one more summer in the feedback path as shown in Fig. 1(b). Due to the additional
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input V; to block H, an additional signals—XH/(1 + XH) and XH/(1 + XH) appear at nodes A and B, respectively.
Being equal and opposite, they cancel in the summer S3. Now it realizes G with whatever H isinserted in the H
block. The actual circuit obtained from the block diagram of Fig. 1(b) is shown in Fig. 2(a). Some of the
inverters can be dispensed with and the final reduced circuit is shown in Fig. 2(b). Note that al the OAs have
non-inverting terminal grounded. An alternative circuit is obtained by interchanging the X and H blocks and
shown in Fig. 3. The circuit requires 4 OAs, 10 resistors, one variable resistor and a H block. One OA can be
reduced if we replace the inverter and the summing amplifier shown in the dashed box of Fig. 2(b) by a
difference amplifier asshownin Fig. 4.

v, |'

v
\1+XH 1+XH

@ (b)

H  XH )
+ |

Fig. 1. (a) Block diagram for realizing G and (b) Modified block diagrams for realizing G with specified H
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Fig. 2. () Circuit for realizing G and (b) reduced circuit
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Fig. 3. Circuit for realizing G
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Fig. 4. Difference amplifier

Example: Consider
b_RetZ 3)
R,-Z
Its redlizations are shown in Fig. 5. The complete realization of G is shown in Fig. 6 with H shown in Fig. 5(a)
and after simplification in Fig. 7. One OA can be reduced if we use an alternate realization of H as shown in Fig.
5(b).

There may be other possible block diagrams for realizing G. One of them is shown in Fig. 8(a). The
corresponding circuit and its simplified version are given in Figs. 8(b) and 8(c), respectively. Note that, here we
require only 4 single-ended OAs while Nowrouzian and Fuller [7] require 5 OAs (after correction, i.e., including
one additional inverter around OA4 and taking shaping function as Z/2 in place of Z as shown in Fig. 7).
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22 Ry/2 Ro
z

Fig. 5. Redlizations of H given by (3)
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Fig. 6. Redlization of G for H given by (3)
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Fig. 7. Simplified circuit for realizing G

I11. REALIZATION WITH SPECIFIED WR
Circuit realizing the X block can be replaced by the block shown in Fig. 9. This makes the new gain as

1-Nwhere N is real and positive. Thus the WR becomes [N, 0] and can be adjusted as per desire by choosing
X

the value of N. It isinteresting to note that the variable resistance is now grounded.

IV.CFA BASED REALIZATION
Using voltage-mode (VM) to current-mode (CM) transformation [9], one can convert the OA based VM
SRVAE given in Fig. 8(c) into current feedback amplifier (CFA) based CM SRVAE as shown in Fig. 10. Asthe
bandwidth of CFA is much higher than that of OA, the CFA based amplitude equalizer can work well at high
frequency compared to OA based ones.

V. SIMULATION RESULTS
A sixth order band-pass Chebyshev active RC SRVAE as specified in [7] is simulated using the circuit of Fig.
6 and by replacing the X block as shown in Fig. 9. In this simulation, unless otherwise specified, al the fixed
resistors have a normalized value of unity. The circuit is simulated using PSPICE [10] software and OA yA741.
The simulation resultsare shownin  Fig. 11.
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Fig. 8. (a) Alternative block diagram for realizing G, (b) circuit realization, and (c) reduced circuit
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Fig. 9. Replacement of block X
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Fig. 10. CFA based redlization of G
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Fig. 11. Frequency response of the SRVAE circuit givenin Fig. 6

V1.CONCLUSIONS

Design of Bode-type amplitude equalizers with a specified but RC realizable shaping function and desired
value of whole range has been given. The design leads to an equalizer with grounded variable resistance, which
is economical in integrated circuit fabrication. The CFA counterpart for realizing high frequency Bode-type
current transfer functions has been given. As the bandwidth of CFA is much higher than that of OA, the CFA

based amplitude equalizer can work well at high frequency compared to OA based ones. The ssimulation results
are in good agreement with the theory.
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