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ABSTRACT OF THE DISCLOSURE

An electrically small antenna (that is, an antenna
whose dimensions are small compared to a wavelength)
having a transistor active element integrated into the elec-
trical geometry of the antenna such that the electrical
characteristics at the connections to the integrated antenna
have the electrical parameters of a physically much larger
conventional antenna.

BACKGROUND OF THE INVENTION

This invention pertains to antennas particularly for
the MF, HF, the VHF and the UHF bands, that are non-
reciprocal and have an active element integrated into the
physical and electrical geometry of the antenna.

The physical size of prior art antennas has been largely
determined by the frequency at which the antenna was to
effectively operate. Thus antennas have had rather nar-
row bandwidths, and effective tuning over wide frequency
ranges has been difficult. Prior antennas have normally
had physical dimensions of ¥4 wavelength or multiples
thereof, with antennas of less than 14 being very ineffi-
cient. Generally, it is desirable that an antenna be physi-
cally as small as feasible and still provide a suitable output
signal. This is true whether the antenna be a television
receiving antenna mounted on a roof top or a transmit-
ting antenna on an airplane or a battleship.

SUMMARY

The integrating of an active electrical element into
the passive elements of an electrically small electromag-
netic wave antenna provides a subminiature, integrated,
active, antenna system that has a wide band frequency
response, an output level equivalent to a physically much
larger conventional antenna, a high radiation resistance,
and a controllable matching impedance. The manner of
integrating the active element into the passive array is
dependent upon whether the antenna is to be used for

transmission or receiving, Thus, a particular integrated ¢

antenna is not a reciprocal device that may be used for
both transmitting and receiving without switching or cir-
cuit changes to the active element.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a symbolic-schematic representation of an
embodiment of the invention used as a receiving antenna;

FIG. 2 is a symbolic-schematic representation of an
embodiment of the invention used as a transmitting an-
tenna;

FIG. 3 is a symbolic-schematic representation of an-
other embodiment of the invention used as a receiving
antenna;

FIG. 4 is a symbolic-schematic of a conventional state-
of-the-art antenna;

FIG. 5 is a schematic current-flow diagram of a receiv-
ing embodiment of the invention;

FIG.6 is a symbolic-schematic representation of an
embodiment of the invention used as a receiving antenna
and having an active element comprising two transistors;

FIG. 7 is a detailed diagram of a specific receiving em-
bodiment of the invention;
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FIG. 8 is a frequency response characteristic curve
of the specific embodiment detailed in FIG. 7;

FIG. 9 is a plot comparing a conventional antenna with
an embodiment of the invention;

FIG. 10 is a symbolic representation of a directional
array; and

FIG. 11 is a detailed diagram of a specific transmitting
embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a subminiature integrated antenna
(SIA) for receiving electromagnetic wave radiation. A
conventional transistor 1 having a base connection 2, an
emitter connection 3 and a collector connection 4 is
integrated within the wave interception cylindrical ele-
ments 5 connected to the base, 6 connected to the emitter,
and 7 connected to the collector. The antenna operates
electrically above the ground plane 8. In this illustrated
embodiment the conventional receiver 9 takes its input
from the signal voltage developed between the lower end
of element 7 and the ground plane 8. Element 6 connected
to the emitter is also signal terminated, in perpendicular
relationship, at the ground plane 8. The received signal
may also be extracted from the emitter circuit branch
of the antenna (as shown in detailed FIG. 7) and the
collector branch of the antenna effectively terminated at
the ground plane.

FIG. 2 illustrates a transmitting embodiment of the
invention. In this embodiment the transmitter 20 injects
a signal between the ground plane 21, and the lower end
of radiating element 22 which is connected to the base
23 of transistor 24. Radiating element 25 is connected
to the collector of the transistor and the element 26 con-
nected to the emitter of the tranmsistor is terminated at
signal ground potential in the ground plane at 27.

FIG. 3 shows a modification of the receiving antenna
of FIG. 1 wherein the top element 5 of FIG. 1 has been
replaced with a plate element 31. This plate or disc, par-
allel to the ground plane 36, provides a greater capac-
itance to the ground plane than the vertical rod element
5 and also results in a still more compact antenna. This
type of element modification is somewhat analogous to
thé well-known capacitance “top-loading” of conventional
antennas, as illustrated in FIG. 4. In FIG. 4 conventional
vertical element 40 is top loaded with a conventional ca-
pacitance plate 41. The signal is extracted for reception, or
injected for transmission, by connections at locations 42
and 43.

The embodiment of this invention, as illustrated in FIG.
3, will now be compared mathematically with the con-
ventional antenna illustrated in FIG. 4. The effective
heights of the antennas are considered the same, nu-
merically, ie., the distances 32 and 44 are equal, and the
areas of the top plates 31 and 41 are the same and have
the same physical capacitance with their respective ground
planes.

In accord with the present invention the resonant fre-
quency of the subminiaturized integrated antenna (SIA)
is much lower than that of the conventional antenna hav-
ing the same physical size. The conventional rod 40
loaded with a capacity plate 41 operated as a receiving
antenna develops an E.M.F. at terminals 42 and 43 pro-
portional to the product of the electric field intensity of
the oncoming wave times the effective height of the an-
tenna 44 (EM.F.=E X/l ). The impedance presented
at the terminals 42 and 43 consists of the inductance, L,
of the rod 40, the capacitance C of plate 41 (and to a
negligible extent also that of the rod 40) and the radiation
resistance Rg of the coupling with the propagating wave.
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The resonant frequency f. of this antenna, FIG. 4, may be
calculated from the well-known formula:

_ i
f'_zm/ﬁ

or
1

W=
vLC
where w=2xf.

The operation of the SIA of FIG. 3 may most readily
be understood by considering the equivalent schematic
circuit diagram of FIG. 5, in which:

The input impedance Ry of the receiver 33 is rep-
resented by resistance 51,

The inductance L, of rod 34 is represented by in-
ductance 52,

The inductance L of rod 35 is represented by inductance
53,

The capacitance C of plate 31 is represented by the
capacitance 54, and

The radiation resistance Rg of the electric dipole by the
resistance 55.

There are two branches of current flow as shown in
FIG. 5. The (transistor) base current Iy in the left-hand
branch and the collector current Ie in the right-hand
branch. The left-hand branch also contains the voltage
56 from the wave field. This voltage potential, like in the
passive antenna of FIG. 4, is proportional to E X A ; the
voltage intensity of the incoming wave E, times the ef-
fective height of the antenna. The equation for the left
circuit is:

EXhets. IBX +(IB+IC)(.7“’L+RS)+UBE
where Ugg is the voltage between the base and the emitter
of the transistor. The transconductance S of the transistor
is defined as S=Io/Ugg and the current amplification
factor of the transistor B, is defined as B=Is/Ig. Sub-
stituting these relationships in the previous equation re-
sults in:

E><hcff.=1c[j—w%§+ (ij+Rs)(1+1%)+%]

The collector current I which flows through the re-
ceiver Ry (neglecting the minor reaction of Ry on the
current Ip), derived from the previous expression, is:

E X hets.

Io=
et Gor+Rs) (143 ) +5

The resonant frequency f, is the frequency at which I¢
reaches a maximum for a given impressed voltage E X Jtess
that is when the denominator of the previous expression
becomes a minimum. This is the frequency at which the
reactive component of the denominator becomes zero,
thus for resonance, w, connoting w at resonance:

J—.w—rlc-§+jw,L(1+B-}—)=0
or ToaET
S S SV
\/L(l-}-]—:l;—)CB VIC VB+1

The resonant frequency of the passive antenna of FIG. 4
is proportional to 1/3/LC as previously set forth. The
resonant frequency of the SIA of FIG. 3, as shown above,
is proportional to
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thus the resonant frequency of the SIA may be considered
that of the passive antenna decreased by the factor

-

vB+1
or one over the square root of the sum of the current gain
of the transistor plus one. For example, if a transistor hav-
ing a current amplification factor of forty-eight is used, the
resonant frequency of a SIA having the same physical
dimensions as a conventional passive antenna, will be
approximately one-seventh that of the passive antenna. In
the comparison of an operating embodiment of a SIA
and a passive antenna both having a height of 50 cm.
and a top capacity of 12 pf. the resonant frequency of the
passive antenna was approximately 58 mHz. and of the
SIA 12 mHz. (The current gain of the transistor was
approximately 24). Thus the maximum dimensions of
this SIA is approximately %o of the wavelength of its
resonant frequency.

The current gain of transistors may readily be changed
by changing the direct current operating potentials (bias)
on the transistor, thus the resonant frequency of a SIA
may readily be changed, steadily or suddenly.

The frequency dependency of an antenna is greatly
lessened by the integration of the active element into the
antenna, that is, the bandwidth is increased. In a short
conventional passive antenna the radiation resistance is
quite low resulting in a quite narrow bandwidth. The
present invention greatly overcomes this limitation. In
the previously referred to passive antenna having a height
of 50 cm. and a top capacitance of 12 pf. the 3 db band-
width was 2 mHz., this is 3.5% of the center frequency
of 58 mHz. In the physically equivalent previously re-
ferred to SIA the 3 db points are 7.5 mHz. and 21 mHz.
This represents a frequency range of one to two point
eight. The ratio of the resistive component of an antenna
to its reactive component determines the bandwidth. For
the passive antennna of FIG. 4 at its resonance (w,) this
ratio is expressed by:

Rs . C
Va0’ which equals Rs \/f

In the SIA with the parameters as previously delineated
this ratio is expressed by:

ey e 0l
(9

The quantity
is a quantity only slightly larger than one and may be
disregarded. In the SIA the quantity 1/S and the factor
B
vB+1
thus increase the quotient
R ¥C
VL
representing the bandwidth of a physically equivalent

passive antenna. A. representative numerical value for
1/5 is 12 and for

_B
vBF1
is 7. By utilizing transistors having different character-
istics, or by changing the external voltages on a specific
transistor, the bandwidth may be readily changed and
controlled.
The transistor in the SIA also changes the characteris-
tic impedance of the antenna to a higher value than that
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of the physically equivalent passive antenna. The output
impedance of the SIA more nearly matches that of con-
ventional coaxial cables than does the conventional pas-
sive antenna, and by changing the direct current voltages
and currents affecting the transistor, the antenna output
impedance value may be changed to a desired value.
Typical representative values of output impedances are,
for the SIA of FIG. 3 (and detailed in FIG. 7), sixty
ohms, and for the passive antenna of FIG. 4 six ohms.

More than one transistor, or active element, may be
used in the SIA. FIG. 6 symbolically represents an SIA
having two transistors. The fundamental operation of the
antenna is unchanged from an antenna utilizing but one
transistor. Greater signal output may be obtained from
this combination, and better decoupling between the in-
put and the output. In addition, by the use of more than
one transistor greater flexibility is obtained in varying
the gain and transconductance of the active element. This
provides greater electrical control of the bandwidth and
frequency response characteristics of the SIA.

FIG. 7 is a detailed schematic diagram of an operat-
ing, receiving, embodiment of this invention. In this em-
bodiment a single transistor 76 is the active element inte-
grated into the antenna. Output signals are extracted from
this embodiment at terminals 71 and 72. The output im-
pedance is 60 ohms, thus this SIA may feed directly into
a 60 ohm coaxial line. If it is desired to take the output
at a high impedance this SIA should be terminated with
a 60 ohm resistor 73. The frequency response character-
istic of this specific embodiment is plotted in FIG. 8. The
ordinate values of this plot are the measured values of
output voltage U for a given electric field strength E of
the received wave. The bandwidth of this embodiment
may readily be considered to be from approximately 10
mHz. to approximately 110 mHz.

In embodiments using a single transistor as the active
element connected as in FIG. 3 the optimum gain real-
izable from the transistor is reduced by the capacitance
between the base circuit and the collector circuit. This
effect may be reduced considerably by using a coaxial
element in place of the single rod 34, in which the outer
conductor of the coaxial output line covers the collector
rod. However, this may not provide the optimum load
for best transistor gain because generally the character-
istic impedance of the coaxial element may be too low
in value for optimum matching purposes. The embodi-
ment using two transistors shown in FIG. 6 overcomes
these difficulties as the value of resistor §1 may be made
the proper load value for the collector of the first tran-
sistor 62. The second transistor 63 operating with a
grounded collector is used for matching to the character-
istic impedance of the coaxial output line 64. Curves 91,
92 and 93 of FIG. 9 show measured received power P
for given electric field strength E over a broad frequency
range with values of resistance 61 of 0.5K, 1.0K, and
1.5K ohms, respectively. The plotted curves 91, 92 and
93 of FIG. 9, are of an embodiment of an SIA as shown
in FIG. 6 that has a height of 50 cm. and a top capacity
of 10 pf. FIG. 9 also shows a comparison of the output
power P of both this embodiment of an SIA (curves 91,
92 and 93) and of a conventional passive antenna of
the same physical dimensions, curves 94 through 99, for
the same given electric field strength E. The conventional
antenna measured is as shown in FIG. 4 with the inclusion
of an additional inductance and load resistance inserted
at the terminals 42 and 43. The inductance was used to
resonate the antenna at the plotted frequencies and the
series load resonance was made equal to the radiation
resistance at that frequency. The curves 94 through 99
show the characteristics of the various resonant fre-
quencies of the passive antenna for different values of
inductance tuning the antenna to the indicated frequencies.
The dotted line 100 connects the peak-power values for
the maximum responses of the passive antenna with dif-
ferent values of inductance in a theoretically lossless pas-
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sive antenna. The practical maximum power output at
the resonant frequencies depend considerably on the losses
in the radiator (antenna) and on the losses in the tuning
inductance. Values of load resistance greater than the
radiation resistance will result in lower maximum powers
and greater bandwidths,

Various degrees of horizontal directivity may be ob-
tained using an SIA system as shown ‘symbolically in
FIG. 10. By changing the direct current electrical poten-
tials and currents flowing through transistors 101, 102,
1063 and 104 the transconductances of the transistors may
be made unequal and a directivity pattern established.
The degree of directivity is thus controlled electrically.
In addition to controlling the shape of the pattern the
directivity pattern may also be directed or rotated at will,
by changing the electric potentials on the transistors. As
in previous embodiments, reception of the electric field
of the oncoming wave is through the top capacity 105
and the reception of the magnetic field of the wave is
through the waves coupling with the various individual
magnetic loops of each transistor. Loop 106 of transistor
102, having vertical elements 107 and 168, horizontal ele-
ments 109 and the ground plane 148, is one of the four
magnetic loops of this embodiment.

A detailed embodiment of a transmitting SIA is shown
in FIG. 11. The top capacity plate 110 has a capacitance
of 10 pf. It is also a radiating element of the SIA. The
signal to be radiated is injected into the SIA from a con-
ventional coaxial line at the coaxial coupler 111. A direct
current potential from an energy source is supplied at
connections 112. Radiating element 113, which is an ex-
tension of the center conductor of the coaxial input, is a
hollow tube containing the insulated conductor 114. The
outer conductor of the coaxial input is connected to the
ground plane 115. Capacitors 116 and 117 are coupling
capacitors and capacitors 118 and 119 are for radio fre-
quency stabilization. Resistor 129 is a direct current volt-
age stabilizing resistor. The remaining resistors provide
the bias and operating potentials for the transistor 121.
This transmitting SIA has a resonance frequency of 10
mHz. A passive radiator having the same physical dimen-
sions has a resonant frequency of 90 mHz. This trans-
mitting embodiment (FIG. 11) starts to exhibit negative
impedance characteristics at frequencies above 70 mHz.
and tends to go into self-excitation at higher frequencies.
For operation extending into those higher frequencies
additional suppression and neutralizing circuits should be
added to the circuitry.

While the complete and exact theory of operation of the
STA is not as yet fully developed, it has been found that
energy is extracted from (or radiated into) both the elec-
tric field and the magnetic field of an electromagnetic
wave. (As, for example, in the embodiments illustrated in
FIGS. 1 and 11, the upper rod conducting element 2 and
the plate conducting element 11 communicate with the
electric field of the propagating wave, and the loop formed
by cylindrical conductive elements 6 and 7 of FIG. 1 and
the hollow cylindrical conducting element 113 of FIG. 11
communicate with the magnetic field of the propagating
wave.) The integrated active element which is electrically
and physically positioned between the electric and mag-
netic communicating elements, through its current gain
characteristics combines these energies and presents a cur-
rent flow in the element of the SIA to which external con-
nection is made that has the characteristics of an antenna
having a much larger physical size. It is to be noted that
output from (or input to) the SIA is not through the
integrated active element as would be the case in merely
adding an amplifier to an electrically small antenna, but
that the signal connection to a SIA is at the end of a
radiating (or receiving) element.

What is claimed is:

1. A subminiature integrated antenna operating above
a ground plane for receiving electromagnetic wave energy,
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having a maximum physical dimension less than 15y of a
wavelength of its resonant frequency comprising:

(a) capacitance plate means parallel to the said ground
plane for receiving the electric field of the electro-
magnetic wave and providing a voltage potential;

(b) cylindrical means perpendicular to the said ground
plane for intercepting the magnetic field of the elec-
tromagnetic wave;

(¢) transistor means having current gain, responsive to
the said voltage potential and cooperating with the
said cylindrical means for providing a current flow
in the said cylindrical means, and being physically
and electrically positioned between the said cylin-
drical means and the said capacitance plate means;
and

(d) electrical connecting means cooperating with the
said cylindrical means and the ground plane for pro-
viding an electrical output.

2. A subminiature integrated antenna operating above

a ground plane, for radiating an electromagnetic wave,
having a maximum physical dimension less than 14, of a
wavelength of its resonant frequency comprising:

(a) capacitance plate means parallel to the said ground
plane for radiating the electric field of the electro-
magnetic wave;

(b) cylindrical means perpendicular to the said ground
for radiating the magnetic field of the electromag-
netic wave;

{c) transistor means having current gain, cooperating
with the said cylindrical means and the said capaci-
tance plate means, physically and electrically posi-
tioned between the said cylindrical means and the
said capacitance plate means for providing an electric
potential to the said capacitance plate means and a
current flow in the said cylindrical means; and

(d) signal injecting means cooperating with the said
cylindrical means and the said ground plane for in-
jecting a signal to be radiated 1o the antenna.

3. A subminiature integrated antenna having a resonant
frequency and operating electrically above a ground plane
for receiving an electromagnetic wave signal comprising:

(a) a transistor having a base, an emitter and a col-
lector for providing a current gain;

(b) capacitance plate means in parallel spaced apart
relationship to the said ground plane connected to
the transistor base, for receiving the electric field
of the said electromagnetic wave and providing an
electric potential to the said transistor base;

(c¢) cylindrical means cooperating with the said emitter
and collector of the transistor and the said ground
plane providing a magnetic loop for receiving the
magnetic field of the electromagnetic wave;

(d) signal output means cooperating with the said mag-
netic loop and the said ground plane for providing an
electrical output signal responsive to the said electro-
magnetic wave signal.

4. The subminiature integrated antenna as claimed in

claim 3 wherein the ratio of said spaced apart relation-
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ship of the capacitance plate from the said ground plane
to the wavelength of the said resonant frequency is less
than 1 to 40.

5. A subminiature integrated antenna having a resonant
frequency operating above a ground plane for receiving
an electromagnetic wave comprising:

(a) capacitance plate means parallel 1o the said ground
plane having a capacitance C for receiving the elec-
tric field of the said electromagnetic wave and pro-
viding a voltage potential;

(b) cylindrical element means perpendicular to the said
capacitance plate means and the said ground plane
positioned therebetween, having an inductance L for
receiving the magnetic field of the said electromag-
netic wave and providing a current flow to the said
ground plane;

(¢) transistor active element means having a base ele-
ment, an emitter element, and a collector element
and a current gain factor B, the said base element
cooperating with the said voltage potential of the ca-
pacitance plate and the said’emitter and collector
element cooperating with the said cylindrical element
means whereby the said current flow in the said cylin-
drical element is increased responsive to the said volt-
age potential and the resonant frequency, f, of the
antenna is expressed approximately by the expression

6. The improvement in an antenna having a ground
plane, a cylindrical element perpendicular to the said
ground plane, a top plate capacitance, and signal connec-
tion means essentially between the cylindrical element and
the ground plane, and having a resonant frequency, the
improvement for lowering the said resonant frequency
comprising:

(a) active element means having current gain posi-

tioned electrically and physically between the said

top plate and the cylindrical element cooperating
with the said top plate and the cylindrical element
wherein the resonant frequency of the antenna is
lowered by approximately the factor of one over the
square root of the sum of one plus the said current
gain; and
(b) electrical means for supplying energy to the said
active element means.
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