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Amplifiers with Maximum Bandwidth

RANDALL L. GEIGER

Abstract—A novel two-operational amplifier voltage amplifier is pre-
sented that has a bandwidth larger than any other possible single- or
two-operational amplifier configuration. The maximum bandwidth single-
operational amplifier amplifiers are also discussed.

1. INTRODUCTION

HE HIGH frequency roll-off of finite gain voltage
amplifiers limits the use of these devices. It is desir-
able to obtain the circuit configuration that will yield the
maximum bandwidth for a given number of active de-
vices. The use of maximum bandwidth voltage amplifiers
in active filters requiring finite gain amplifiers increases
the useful frequency range of these filters [1], [2].
The active elements used. in the amplifiers discussed
here will be internally compensated operational amplifiers
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with infinite input impedance and zero output impedance
that can be modeled [3] with the gain function

M

where GB is the gain-bandwidth product of the opera-
tional amplifier and s, the normalized complex frequency.
If more than one operational amplifier is used, they are
assumed to be identical.

Five voltage amplifiers along with the bandwidth of
each are shown in Fig. 1. The first four are popular
configurations and the fifth is believed to be novel. Some
comments will be made about these amplifiers.

II. DiscussioNn

1) Of all amplifiers with dc gain K;>1 using only
resistors, a single operational amplifier, and with output
taken from the output of the operational amplifier, Circuit
1 has the largest bandwidth for a given K,
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Fig. 2. Two-operational amplifier amplifiers.

2) Of all amplifiers with a dc gain K, < —1 using only
resistors, a single operational amplifier, and with output
taken from the output of the operational amplifier, Circuit

2 has the largest bandwidth for a given K,,.

3) In the class of all amplifiers with dc gain
K, > 1+ V2, monotone frequency response, using only
resistors and at most two operational amplifiers, and with
output taken from the output of an operational amplifier,
Circuit 5 has the largest bandwidth. It can be observed in
Fig. 3 that Circuit 5 exhibits a significant improvement in
bandwidth over the other popular multiple amplifier con-
figurations, Circuit 3 and Circuit 4 [4], which are included
for comparison with the new circuit.

Comments 1) and 2) imply that for a given dc gain K,
all other single-operational amplifier amplifiers have
bandwidth smaller than those of Circuit 1 or 2. Comment
3 will now be established.
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Fig. 2 shows the general amplifier using only two opera-
tional amplifiers and resistors and with output taken from
one of the operational amplifiers.

The above model of the operational amplifiers requires

that

Va=Vs, and V=7V, )

Since the transfer function of any resistive network has

magnitude < 1, it follows by superposition that
Va=nVetnV,+nV,

V.

a.

©)
4)

where r,€[—1,1] for i=1,- - -,6. The resulting gain of the
amplifier is thus
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However, the 3-dB bandwidth of the transfer function
written in (5) satisfies
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where K,=dc/wd is the dc gain of the amplifier system of
Fig. 2 and BW,=BW/GB. For monotone |K (jw)|, it is
easy to show that

BW2

2\2 22
i’—)+dc 6)

K3) K3

()

Consequently, for a monotone K(s) it follows that the
bandwidth is bounded by

BW 42 2\ [dV ®
< + +| =
g 2K2 2K} (Ko)

Since d and dc have magnitudes less than or equal to
unity, it follows that

2
1 1 1
BW < + +— . 9
’ \/2K§ V(zKé) K3 )

It now follows from (5) and (7) that for a circuit to attain
the upper bound given in (9) it is necessary that

lrs|=1
|rare—rars|=1

’3’4_"1"6=11/K0
V2+1/K,

(10)
VK,
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Fig. 3. Normalized bandwidth versus gain for circuits of Fig, 1.

After some lengthy algebraic manipulations, it can be
shown that the only realizable solution to (10) is

r,=-—1%;, ry=0
V2+1/K,
ry= -1, rs=1
\ KO
V2+1/K
r3——# re=—1. (11)

It now follows from (3), (4), and Fig. 2 that Circuit 5 of
Fig. 1 is a circuit that attains the upper bound set in (9).

Circuit 5 can be easily tuned as follows. Pick R, and R,.
With a dc input adjust R; so that the gain is K, then
adjust R, for maximum bandwidth with no peaking of the
frequency response.

In Fig. 3, the normalized bandwidths of all the circuits
presented in Fig. 1 are plotted against K, which repre-
sents the magnitude of the overall dc gain.

The bandwidth sensitivity in Circuits 1 and 2 with
respect GB is unity; whereas, in Circuits 3-5, the band-
width sensitivity with respect to the GB of either opera-
tional amplifier is 3. In particular, the active bandwidth
sensitivities of the maximum bandwidth amplifier of
Circuit 5 are at least as low as those of the other ampli-
fiers shown in Fig. 1.
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III.

The maximum bandwidth amplifier has been con-
structed using two 741-type operational amplifiers with
measured gain-bandwidth products of 860 kHz+1 per-
cent. R, and R, were chosen to be 10.1 k. R, was
selected for K,=3, 4, 6, 10, 40, and 100, and R, then
adjusted to make the frequency response magnitude
monotone. In all cases, the measured bandwidth of the

amplifier exceeded the theoretical value given in Fig. 1.

EXPERIMENTAL RESULTS

IV. CoNCLUSION

An argument similar to the above can establish that in
the class of single-operational amplifier configurations,
Circuits 1 and 2 have the optimal bandwidth for the

_noninverting and inverting cases respectively. Circuit 5,

which uses only four resistors and has gain determined by
the ratio of two resistors, has been shown to have band-
width greater than any other single- or two-operational
amplifier noninverting amplifier with dc gain K, for K; >
14+ V2 . The bandwidths predicted in Fig. 3 have been
experimentally verified.

REFERENCES

[1] A. S. Sedra and J. L. Espinoza, “Sensitivity and frequency limita-
tions of biquadratic active filters,” IEEE Trans. Circuits and Sys-
tems, vol. CAS-22, pp. 122-130, Feb. 1975.

[2] R. P. Sallen and E. L. Key, “A practical method of designing RC
active filters,” IRE Trans. Circuit Theory, vol. CT-2, pp. 74-85, Mar.
1955.

[3] A.Budak and D. M. Petrela, “Frequency limitations of active filters
using operational amplifiers,” IEEE Trans. Circuit Theory, vol.
CT-19, pp. 322-328, July 1972.

[4] A. Budak, Passive and Active Network Analysis and Synthesis.
ton, MA: Houghton Mifflin, 1974, p. 248.

Bos-

Randall L. Geiger was born in Lexington, NB,
on May 17, 1949. He received the B.S. degree in
electrical engineering and the M.S. degree in
mathematics from the University of Nebraska,
Lincoln, in 1972 and 1973, respectively. He re-
ceived the Ph.D. degree in electrical engineering
from Colorado State University, Ft. Collins, in
August 1977. His present area of research is in
the active circuits field.

Mr. Geiger is a member of Eta Kappa Nu,
Sigma Xi, Pi Mu Epsilon and Sigma Tau.




