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Fig. 6. Measured gain patterns at 1227 and 1575 MHz.
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Fig. 7. Comparison of monopole and phased array measured patterns.

angle coverage, cavity-backed turnstile antenna. Although the
design of this antenna is straightforward [1], it should be
pointed out that a 12-in diameter plate, placed at approxi-
mately 0.5 in below cavity aperture, was used to optimize the
patterns at both 1227 and 1575 MHz (see Fig. 1).
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Active Antenna Performance Limitation

ROBERT A. SAINATI, MEMBER, IEEE

Abstract—Many amplifier designs have been proposed for use with
electrically small antennas in receiving applications. A study of
pertinent noise figure and available power gain equations shows that
performance is strongly influenced by antenna resistance. Low values
of antenna resistance limit noise performance, and a study of antenna
Q shows that only a limited increase in resistance can occur.

I. INTRODUCTION

Over the years there has been a continued interest in obtain-
ing wide-band performance from electrically small antennas.
Recent efforts have been involved with receiving systems and
have entailed designing preamplifiers that couple the antenna
to a 50 £ input impedance receiver. This communication dis-
cusses a factor which can limit receiving system noise perform-
ance when electrically small antennas are used.

RECENT DESIGNS

A survey of recent literature [1]-[3] indicates that present
design efforts involve the use of a field-effect transistor (FET)
amplifier in conjunction with a monopole antenna, typically
over the frequency range 10 KHz to 30 MHz. Monopole an-
tennas are selected for their high efficiency when compared to
loop antennas, their unbalanced characteristic, and their de-
sirable mechanical properties. An analysis of common ampli-
fier configurations [4] shows that with a highly capacitive
source impedance, a common source FET amplifier provides
the best noise figure and available power gain,

In one design [1], extensive use of feedback is employed
to provide required performance. Another approach [2] uses
several stages of FET amplifiers in cascade, while a third con-
cept [3] employs a commercially available 50 £2 bipolar tran-
sistor amplifier as a second stage. It is interesting to note that
all the approaches offer essentially the same sensitivity (noise
figure). This suggests that something other than the circuit de-
sign is limiting performance.
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ANALYSIS

A review of the pertinent noise performance equations sug-
gests a possible limiting factor. The noise figure of an antenna-
preamplifier combination is
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where Cpy is the FET input capacitance, g, is the transcon-

ductance, Gg is the unbypassed gate bias conductance, Gy, is

the effective load conductance, and &;, &, &tz are constants.
With the exception of the last two terms in (5), the fre-

. quency variation of (i,%) and (e,i,*) cancels that of the an-
fp fr 1 n n‘n
f=f—1+—+—— (1) tenna reactance. The last two terms in (5) are noise contribu-
n n&p tions from the gate bias resistors and shot noise caused by gate
where
leakage current. The latter is negligible for metal-oxide-semi-
f, ‘“‘antenna” noise figure conductor field-effect transistors(MOSFET). In any case, the
fp preamplifier noise figure last two terms typically only affect the noise figure at fre-
n antenna efficiency quencies below 100 KHz [3].
f, receiver noise figure In a similar manner, common source available power gain
&p preamplifier available power gain. for frequencies below about 100 MHz is [4]
EmR,
g”:g +G, C (8o +GL) G 2CIN &0 +6Gr C ©
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2k L Y g+ T o + B (Cpg F C N T el
Em a 8m &m a Em Cq

f, represents the effects of external noise (atmospheric, man
made, or galactic) received by the antenna. For systems op-
erating at frequencies below about 30 MHz, good noise per-
formance requires an externally noise limited system, i.e.,

—1
fp fr—1
n o ngp

Because of the large variability of noiselevels, some care must
be used in choosing a value for f, [5]. The use of median
values can imply that a system satisfying (2) will not be ex-
ternally noise limited for significant periods of time.

The noise performance of the preamplifier can be found using
the chain parameter equivalent circuit and its associated noise
sources [6], [7]. The impedance Z,; of an electrically small
monopole is Z, = R, — j(1/wC,), but 1/wC, > R, so that
the noise figure and available power gain become

<<fa_ L. 2)

where gg and Cy4 are the drain conductance and capacitance
and Cgq is the gate to drain capacitance. Again the frequency
dependence of the antenna reactance is cancelled by the FET,
It should be mentioned that for usual parameters, the avail-
able power gain is typically less than one; therefore, the noise
performance of the following stage must be carefully con-
sidered.

When (5) and (6) are evaluated, good design practice usually
results in extremely small values for Gg. The FET parameters
are such that gy is negligible, and all the capacitances, Cyy,
Cea, Cq, and C, are between 2pf to 10pf. In wide-band de-
signs, G; is of the order of g,,. Also [3], a;fay = o jag =
0.18. There are, therefore, no overwhelmingly dominant terms
in (5) and (6) (except at very low frequencies). The perform-
ance is set by the denominator of (5) and the numerator of
(6). Typically g, ranges from five to 20 mS and if g,,R, > 1

fp =

IR

4 len 2y + (1/wCy )iy + 2 Re {{epin *N—j/wC,y)}
4kTBR,

3)

R,y

&p

where (e,,> and {i,,) are equivalent noise sources, 4, B, C, and
D are chain parameters, and k£, T, B have their usual meanings.
Since 1/wC, > 1, some of the difficulty in obtaining good
noise performance involves trying to reduce the contribution
of terms containing the antenna reactance. Note also the
strong dependence of fp and gp on antenna resistance,

When the FET noise sources are evaluated {3], [4], (3) be-
comes

(5)

Re (4B*)+ (1/wC,)? Re (CD*)+ Re {(AD* + BC*)(j/wC,)}

4)

(for low noise figure and high gain), then R, must be around
1K £ or more. This agrees with usual optimum source re-
sistance values for FET amplifiers. For electrically small an-
tennas, R, will be less than 10 £, and even this value is only
approached as the antenna length becomes about an eighth of
a wavelength. From the above it is apparent that one major
limiting factor in overall noise performance is the low an-
tenna resistance. This statement is true for amplifier configu-
rations which can deal with the antenna reactance, i.e., com-
mon source FET, and from (3) and (4), it also holds for less
optimum amplifiers,

Low antenna resistance is a limiting factor for two reasons.
First, it is doubtful that the FET (or any other active device)
parameters could ever be improved enough to significantly
overcome the problem. The FET capacitances would have to
be reduced to values much less than a picofarad. Also the
transconductance would have to become much greater than a
Siemen. Second, and most important, significantly increasing
antenna resistance is difficult. It is ‘well known that the an-
tenna has a minimum @ which is directly related to its elec-
trical size [8]. Standard expressions for (electrically small) an-
tenna resistance and capacitance show that the monopole Q is
typically 10 to 20 times higher than its minimum value. This
implies that some increase in R, is possible,
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The results in [8] show that minimum Q occurs with a uni-
form current distribution. This increases antenna resistance by
a factor of four. Only when

fo S
n Ngp
does the increase offer any performance improvement. Over a
large portion of the frequency range, (7) does not hold, and
since the antenna resistance is so small, a four-fold increase

produces no significant change in performance. Antenna re-
sistance thus limits system performance.

=fp—1 (7

CONCLUSION

The continued interest in obtaining wide-band performance
from electrically small antennas has produced a number of pre-
amplifier design approaches, all offering about the same per-
formance. An investigation of the noise figure and available
power gain for typical amplifier configurations shows a strong
dependence on antenna resistance. Much larger values than
normally occur with small antennas are needed, but analysis
of antenna Q suggests that only a fourfold increase is possible.
Over much of the frequency range, the resistance is so low that
the increase offers no significant performance improvement.
The low antenna resistance thus becomes a performance limit-
ing factor. '

REFERENCES

{11 E. H. Nordholt and D. VanWilligen, **A new approach to active
antenna design,”” IEEE Trans. Antennas Propagat., vol. AP-28,
no. 6, pp. 904-910, Nov. 1980.

{2] H. H. Meinke, ‘*Electrically small active receiving antennas,’’
Proc. ECOM-ARO Workshop on Electrically Small Antennas, Fort
Monmouth, NJ, pp. 35-41, May 6-7, 1976.

[3] R. A. Sainati and D. E. Fessenden, **Performance of an electrically
small antenna amplifier circuit,”” IEEE Trans. Aerosp. Electron.
Syst.., vol. AES-17, no. 1, pp. 88-92, Jan. 1981.

[4] R. A. Sainati, "*Noise performance of broadband amplifiers for use
with electrically small antennas,”” Ph.D. dissertation, Univ.
Connecticut, Storrs, 1978.

[5] CCIR, "*World distribution and characteristics of atmospheric radio
noise,”" Rep. 322 Geneva, Switzerland, 1964,

[6] H. Rothe and W. Dahlke, **Theory of noisy fourpoles.”* Proc. IRE,
vol. 44, pp. 811-818, June 1956.

[7) M. S. Ghausi, Principles and Design of Linear Active Cir-
cuits. New York: McGraw-Hill, 1965, ch. 3.

[8] L. J. Chu, "*Physical limitations of omnidirectional antennas,”” J.
Appl. Phys., vol. 19, pp. 1163-1175, Dec. 1948.

Comments on “Polarization Dependence in
Electromagnetic Inverse Problems”

G.C.MCCORMICK, FELLOW, IEEE, AND A, HENDRY,
MEMBER, IEEE

In the above paper1 the concept of “optimal polarizations”
in scattering theory is introduced. Two of the optimal polariza-
tions (CO-POL) are those which, through the appropriate unitary
transformation, separately zero the diagonal elements of the
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related scattering matrix; the other two (X-POL) are those
which diagonalize the matrix. There is some reference in this
and a subsequent paper [1] to meteorological applications. A
more recent presentation [2] deals specifically with radar
meteorology.

We are frankly puzzled by some of the statements in these
papers and by claims with respect to optimal polarizations that
we believe to be excessive. The importance attached to the
theory of optimal polarizations may be judged from the fol-
lowing quotations.

... recently considerable efforts have been expanded on using
polarization in radar meteorology, though it must be stated
here that decisive improvements can be made by fully ex-
ploiting the optimal polarization concepts introduced in Sec-
tion II1.”}

.. .optimal polarization properties of a scatterer in isola-
tion and/or distribution are of paramount importance for the
complete description of radar targets . ..” [2].

On the subject of measuring the elements of the scattering
matrix there is the warning that *. . . it is absolutely necessary
to measure the relative phase between the co-polarized compo-
nents in addition to the relative phase between the co/cross-
polarized components...” [2]. We made no such measure-
ments in our determinations of the scattering matrices of
spheroids and finite cylinders [3], [4] and we believe that
they are not needed for reciprocal bodies.

A detailed analysis of optimal polarizations in terms of
our formulation of polarization theory [5] will be the subject
of a separate paper. We shall limit ourselves here to a few gen-
eral comments. In order to obtain all of the backscatter prop-
erties of an assembly of scatterers it is necessary to make a
complete measurement of the polarization and amplitude
characteristics of the backscattered radiation. This can, for
example, be done by means of Stoke’s parameters or the co-
herency matrix. Such measurements require two separate
sequential orthogonal transmissions, the polarizations of which
determine the base vectors for the measurement. Part of the
information contained in this system of measurements can
also be obtained from a knowledge of two optimal polariza-
tions, say one CO-POL and one X-POL. Optimal polarizations
do not in themselves constitute a complete backscatter de-
scription but they can be made complete by a measurement
of the cross section and the degree of polarization. Alterna-
tively, the measurement can be completed by obtaining the
power in the CO-POL channel and in its orthogonal.

The latter alternative suggests the possibility of a new com-
plete measurement system in which optimal polarizations and
the related channel levels are obtained experimentally, How-
ever any polarization scanning technique suffers in compari-
son with a polarization switch from the disadvantage that the
data rate is determined by the stochastic nature of the target
which may well have undergone macroscopic changes before
the scanning cycle is half complete.

There is then the question of whether optimal polarizations
provide a superior representation revealing insights not other-
wise obtainable. This may be true for some scattering systems,
for example, for a target body in the presence of clutter. We
see no reason for expecting any such enhancement for meteor-
ological targets per se. With regard to our own observations op-
timal polarizations could easily be calculated from existing
data, but we see no advantage in doing so.
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