Conclusions; Experimental investigations revealed that hygro-
scopic water increases both the real and imaginary parts of the
dielectric constant of dust. The increase in the imaginary part
is more remarkable. Previously published results on micro-
wave attenuation due to dust storms are therefore valid only
for dust with low water content, e.g. in desert and semidesert
regions. For dust storms in tropical areas, microwave attenua-
tion can be worse.
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NOVEL ACTIVE-COMPENSATED WEIGHTED
SUMMER

Indexing terms: Active networks, Amplifiers

A summer amplifier with extended bandwidth is proposed.
Compensation of the frequency characteristics is achieved by
employing two operational amplifiers instead of external
reactive components.

Introduction: In recent years, many authors have focused their
attention on the development of active compensation schemes
for the frequency characteristics of operational amplifiers. The
availability of dual integrated amplifiers renders the approach
very attractive. However, little effort has been directed towards
the realisation of active-compensated summers which combine
positive and negative weights. This is a serious limitation on
the usefulness of active-compensated amplifiers, which are in
practice reduced to the implementation of v.c.v.ss.!~* The pur-
pose of this letter is to report a new circuit configuration which
can act as a compensated summer for both positive and nega-
tive gains.

Preliminaries: The output voltage of a conventional one-
amplifier summer* is given by

Vls) = | 3 ki Vie = 3 kic Ve [ 6(s) 1)

The term ¢(s) is an error function® which represents the effect
of the operational amplifier’s dominant pole. It may be ex-
pressed by

ofs) = —— @
S G—B +1
where
k = max L; kjs, (l + i; k,-_” (3)
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The low-frequency magnitude and phase errors are given, re-
spectively, by

. 1 ?
|etjo)] =1 -5 2 (4a)

. w
arg |e(jw)| = —o (4b)

0

where
GB

0 <KWo = * )

Proposed summer: The new circuit is shown in Fig. 1. Routine
analysis allows us to write the summer output voltage, by eqn.
1 whenever the following restriction applies:

GO+

1+Gr

m G _ n
+zkj+=GL+Zka— (6)
=1 F i=1

where

kj+ = Gj+/Gr; ki- =G;_/Gr (7)

Assuming identical amplifiers, the error function for this circuit

may be given by
2+a
s( GB )+1

els) = @®)
s? %5(2+a)+s% +1
with
k = max lzn: ki, (1 + i k,-+)] 9)

It is worth noting the difference between eqns. 3 and 9.

V, (compensated output)

=

Fig. 1 Active-compensated summer
To reduce the phase error, the best choice of the auxiliary
parameter a is
a=k-2 (10)

The low-frequency magnitude and phase errors are then ex-
pressed by ’

le(jw)]| = 1 + w?/wf

arg [e(jw)] = —w®/wd

(11a)
(11b)

where eqn. 5 is still valid for the value of k given by eqn. 9.

Design considerations: The values of G and R can be arbi-
trarily fixed by the designer. Then G;_ and G ;. are determined
-via eqns. 7. Since the value of a is fixed by eqn. 10 the only
resistor values which remain unknown are Rq+ and R -. Their
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values can be obtained by the following closed formulas:

Go+ =% [t +sgn M] Y ki-
. - (12)
Go- =7'[1 +sgn —M](l + ¥ k,-+)
i/

where

M=IZ":‘ ki_—(1+j§l k,~+)

and sgn x = 1 for x > 0 and sgn x = —1 otherwise.
It must be remarked that either G, or Go_ (or both) must
be zero.

Discussion: An active-compensated summer has been reported
which can be used for positive and negative gains. The
proposed summer exhibits a second-order magnitude error as
for an uncompensated one. However, the phase error, which is
a significant factor in most applications, has been reduced to a
negligible level, as can be seen by comparing eqns. 4b and 11b.
Experimental data reveals good agreement between theoretical
prediction and practical behaviour when using pA747 dual
amplifiers. As an illustration, Fig. 2 shows the Bode plot corre-
sponding to a summer with n=m= 1, k, =20, k_ = 10 and
the same input voltage for positive and negative inputs.
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Fig. 2 Bode plot for compensated summer with n=m=1, k, = 20,
k.=10and V,, =V,_=V,

a Magnitude characteristics

b Phase characteristics

* compensated summer

+ uncompensated summer

Continuous trace corresponds to theoretical Bode plots

A. RODRIGUEZ-VAZQUEZ
J. L. HUERTAS

Departamento de Electricidad y Electronica
Facultad de Fisica
Universidad de Sevilla, Spain

25th February 1980

References

1 GEIGER, R. L.: ‘Amplifiers with maximum bandwidth’, IEEE Trans.,
1977, CAS-24, pp. 510-512

2 SOLIMAN, A. M., and ISMAIL, M.: ‘Active compensation of opamps’,
ibid., 1979, CAS-26, pp. 112-117

ELECTRONICS LETTERS 8th May 1980 Vol. 16 No. 10

3 SOLIMAN, A. M.: ‘A generalized active compensated noninverting
VCVS with reduced phase error and wide bandwidth’, Proc. IEEE,
1979, 67, pp. 963-965

4 GRAEME, J. G.: ‘Designing with operational amplifiers’ (McGraw-
Hill, New York, 1977)

5 WILSON, G.: ‘Compensation of some operational-amplifier based
RC-active networks’, IEEE Trans., 1976, CAS-23, pp. 443-446

0013-5194/80/100394-0281.50/0

NOVEL STRAY-INSENSITIVE SWITCHED-
CAPACITOR INTEGRATOR

Indexing terms: Switched-capacitor networks, Filters

A stray-insensitive switched-capacitor integrator is in-
troduced which enables the design of leapfrog filters suitable
for high clock/signal frequency ratios without causing large
capacitor spreads. A design example is given.

The well-known active-filter leapfrog technique! has been used
for the design of switched-capacitor filters using Bruton’s loss-
less discrete integrators (1.d.i.)?> or bilinear integrators.> The
advantage of the leapfrog technique is that it simulates LC
ladder filter structures which are known to have low sensitivity
to component variations. Problems arise, however, when for
some reason the ratio of the clock frequency and the signal
frequency must be made high, because the required capacitor
spread may then increase to an unrealisable value. It can be
shown,? for example, that the 3 dB bandwidth of a single-pole
s.c. filter is given by

7"

3% :fca (1)

where f, is the sampling frequency and C’, C” are the two
capacitors associated with the pole. Thus for a given cutoff
frequency, the ratio C’/C"” increases with increasing clock freq-
uency. A high clock frequency is often required because it
simplifies the design of the antialiasing filter. It will be shown
in this letter that by realising C” as the difference between two
capacitors, a high capacitive ratio can be obtained without the
need for a large capacitor spread.

Consider the circuit shown in Fig. 1, which is an extension of
the integrator introduced in Reference 4. Note that this circuit
is completely insensitive to stray capacitances. The output vol-
tages are readily obtained as

Cl 1 CZ z™!
e —_ -1 e —* 0
Vou = Col-—1z2 Vi +co 1=,
C3 Z~2 e C4 z7! °
toi- g = ()
Cl z7! Cz z72
0 - ________Ve - 0
Veu= G 1= 2Vt 12 %
-1
S . oG 1y, (2b)

where z = exp (s/2f.) and the open-loop gain Ao of the
amplifier is assumed to approach infinity.

New integrators can be derived using the morphological
box*® shown in Table 1. A solution S; designaies an integrator
obtained by connecting the input terminals i and k in Fig. 1,
where i, k = 1,2, 3, 4. Note that S; = S,;. The superscript e or o
denotes the time slot during which the output voltage is
sampled.

Each solution in Table 1 must now be examined to see
whether it provides the desired integration. Useful solutions
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