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Acoustically coupled antenna
Abstract

An acoustically coupled antenna which can be configured as a transmitting or receiving antenna for coupling
between an electrical circuit (transmitter or receiver) and an electromagnetic propagating medium such as the
atmosphere. The antenna is a two port device in which one port is connected to the electrical circuit and the
second port includes a transducer which interfaces (radiates or receives) electromagnetic energy with the
propagating medium. The ports are acoustically coupled to each other by forming the device as a stacked
crystal filter with three conductive electrodes separated by two piezoelectric resonating elements. The first
port comprises two of the electrodes separated by one of the piezoelectric elements, and the second port
shares the electrode separating the two piezoelectric elements, and further includes the second piezoelectric
element and the final electrode. The electrical signals in the bandwidth of the antenna at the two ports are
acoustically coupled by the coupled resonators of the stacked crystal filter for translating energy from one port
to the other while providing electromagnetic isolation by virtue of the acoustic coupling.
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ACOUSTICALLY COUPLED ANTENNA

FIELD OF THE INVENTION
This invention relates‘to the electrical antenna art,
and more particularly to a miniature antenna which is

relatively immune to electromagnetic interference.

2

where it is desired to radiate electromagnetic energy,
but also the volume below the radiating element which
includes the'circuitry which couples the energy to the

radiating element. Thus, the driving point field can be
more complex than desired, and the antenna driving
element itself can be a source of interference.

SUMMARY OF THE INVENTION

BACKGROUND OF THE INVENTION
In view of the foregoing, it is a general aim of the
The radio antenna art is relatively well developed, l0 present invention to provide a new antenna structure in
which means other than electrical coupling is utilized
and those skilled in the art appreciate many of the tech
for transferring energy between the antenna interface niques used for ‘configuring particular antennas for op
V " eration in particular ranges of the electromagnetic fre

quency spectrum and for matching the antenna configu
ration to the propagating’medium using various well
known techniques. Means are available for matching
the input of the antenna to the antenna feed or driving

circuitry, and‘also for matching the antenna shape and
con?guration to the radiation resistance and the desired
radiation pattern for a particular implementation. Such
techniques are used with both receiving and transmit
ting antennas.

It is believed, however, that the techniques which
have been utilized heretofore have in common the'elec
trical coupling of signals between the electrical cir
cuitryof the transmitter or receiver and the radiating or

receiving elements (the transducer) of the antenna.
More particularly, it is believed that antennas con?g
ured heretofore have been electrical devices which
have electrically interfaced between the electrical re

ceiving or driving circuitry and the electrically conduc
Htive transduction portion which interfaces with (trans

with the electrical circuit (the electrical port) and the
antenna transducer which interfaces with the propagat

ing medium (the propagating port).
In that regard, it is an object to utilize acoustic rather

than electrical coupling of energy between a pair of
antenna ports, one port serving as the electricalport for
interface with the electrical circuitry, and the other port
serving as the propagating port for interfacing with the
propagating medium.
According to one aspect of the invention, it is a fur- I

ther object to produce an antenna which acoustically
excites the antenna transducer, thereby to constrain the
driving point ?elds to the volume outside of the radiat

ing transducer.
In a particular aspect of the invention, it is an object
to monolithically integrate an antenna with the electri
cal circuitry coupled to the antenna for providing an
ultra-compact receiver or transmitter with integral an
tenna elements.

According to a particular aspect of the invention, it is

mits or receives electromagnetic radiation) the propa- . - an object to provide _a phased array antenna system

gating medium. As, a result, compromises are often

necessary in producing} the appropriate match with the
electricalcircuitry on one hand and the radiation resis
tance of the antenna on the other hand, both of which

utilizing antenna elements which incorporate acoustical
_ coupling means between the driving or receiving elec

trical circuitry and the actual antenna transducer which

priately match the antenna not only to the‘ electrical '

interfaces with the propagating medium.
Accordingly, in its broadest aspects, the invention

bandwidth but to reject signals outside of the band

the electrical circuit and the antenna, and a second port

requirements must be accommodated in order to appro

circuitry of the transmitter/ receiver, but also to the 40 provides an antenna for coupling energy in a predeter
mined frequency band between an electrical circuit and
transmission or reception requirements of the overall
an electromagnetic propagating medium. The antenna
device. In addition, it-is typical to electrically tune the
has a first port for interfacing electrical energy between
antenna to be responsive to signals within the desired

width in order to provide selectivity and also tov de 45 having a transducer for interfacing between the propa
gating medium and the antenna. Acoustical coupling
crease susceptibility to electromagnetic interference
means
are provided for acoustically coupling energy in
(EMI). EMI is considered herein to be ,noninformati'on
the predetermined frequency band between the first and
bearing signals typically in a frequency range other than
second ports. The acoustical coupling means includes
the desired passband of the antenna. While tuning can
coupled piezoelectric resonators for converting be
accomplish a degree, of EMI rejection, since both the
tween electrical and acoustical energy in the predeter
primary and secondary circuitry of the antenna are
mined frequency band.
typically exposed to the electromagnetic interference,
Preferably, the acoustical coupling means and ports
such interference can be coupled directly into the pri
are configured as_a stacked crystal ?lter having three
mary even if the secondary or the coupling means is
55 electrodes sandwiching a pair of piezoelectric resona
appropriately tuned.
There also exists the need for miniaturized antennas . tors such that one of the electrodes is shared between
the two ports. In the preferred embodiment, the shared
in applications such as concealable transmitters or re
electrode is grounded, one of the ungrounded elec
ceivers, where the requirements are not for high power
trodes is connected for interfacing to the electrical cir
but for extreme miniaturization of the antenna elements.
While printed circuit antenna or microstrip antenna 60 cuit and the third electrode serves as the transducer for

configurations have been utilized for such devices, fur~
ther miniaturization can be useful. In addition, micro

interfacing electromagnetic energy to the propagating

strip or printed circuit antenna con?gurations are also

the port which is connected to the electrical circuitry

medium. The grounded electrode serves as a shield for

and also serves as a ground plane for the transducer
susceptible to the electromagnetic interference coupling
65 electrode which radiates or receives the electromag
into the primary as discussed above.
netic energy.
A further difficulty with known electrical antennas is

the fact that the driving point fields of the antenna occu-_
pies not only the volume outside of the radiation area

In one configuration, the invention provides a phased
array of such antenna elements wherein the electrical
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circuitryincludes not only means for coupling electrical
energy between the antenna and the electrical circuitry,
but also means for adjusting the phase of the coupled

stacked crystal ?lter comprising three electrodes 30, 31,
32 sandwiching a pair of piezoelectric resonators 33, 34.

energy to cause the array to act in a phased fashion for
steering the transmitted or received beam.

4

In accordance with the invention, the two port acous
tically coupled antenna device is con?gured as a
As is well known, a stacked crystal ?lter is a thin ?lm
device in which the electrodes are of conductive metal
such as aluminum deposited on a substrate generally
indicated at 35 by means such as electron beam evapora

_

Other objects and advantages will become apparent

7’ with reference to the following detailed description
when taken in conjunction with the drawings, in which:

tion. The piezoelectric resonators 33, 34 are thin ?lm
BRIEF DESCRIPTION OF THE DRAWINGS 10' devices of piezoelectric material such as aluminum ni
tride (AlN) or zinc oxide (ZnO) deposited on the associ
FIG. 1 is a diagram schematically illustrating a ?rst
ated‘ electrodes by conventional techniques such . as

embodiment of an antenna element exemplifying the

sputtering. Preferably, the substrate 35 is relieved at 36

present invention;
FIG. 2 is a diagram schematically illustrating a sec
ond embodiment of the present invention which in
cludes means for enhancing the vertical aspect of the

radiated ?eld;
FIG. 3 is a diagram similar to FIGS. 1 and 2 illustrat
ing features of the invention; and

I as by etching to leave a section of the stacked crystal

?lter unsupported for free vibration in accordance with
the electrical signals imposed on the driven port or
- ports. It will be apparent to those skilled in this art that

the drawing is not to any scale and the thicknesses of the
various layers are exaggerated for the purpose of clar

-

FIG. 4 is a schematic diagram illustrating a phased 20 ity. For example, when the device is used as a transmit
ter'or receiver in the GHz range, the piezoelectric ?lms
array of antenna elements constructed in accordance
33, 34 may be in the range of about 1 to 2 microns.
with the present invention.
, Referring in greater detail to FIG. 1, it is seen that the ‘
While theinvention will be described in connection

withcertain preferred embodiments, there is no intent

electrical circuitry 22 is coupled to the ?rst port 21 by

to limit it to those embodiments. On the contrary, the
intent is to cover all valternatives, modi?cations and

trodes 30, 31. The electrode 31 is preferably grounded

means of electrical leads 40, 41 connected to the elec

and the signal imposed on the antenna when the cir

equivalents included within the spirit and scope of the
invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
Turning now to the drawings, FIGS. 1 shows an
antenna system including an acoustically coupled an
tenna generally ‘indicated at 20 exemplifying an embodi
ment of the present invention. The antenna includes a

?rst port (electrical port) generally indicated at 21 con
, nected to electrical circuitry 22 for interfacing electrical
signals between the electrical circuitry 22 and the an
tenna 20. The electrical circuitry 22 is illustrated as a

cuitry 22 is a transmitter or derived from the antenna
when the circuitry 22 is a receiver is carried on the line
30

It is seen that the central electrode 31 is common to

both the ports 21, 23 and serves as the ground return for
I the electrical port 21 and a ground plane for the trans

mit/receiver port 23. Thus, the conductive electrode 32
_ which is grown atop the upper piezoelectric resonator
34 serves as the transducer for the antenna and is thus

‘ electrically conductive for interfacing electromagnetic
radiation between the antenna and the propagating
medium 25. When the system is used as a transmitter,

electrical signals are generated in the electrode 24
which cause electromagnetic propagation into the me
dium 25 for reception elsewhere. When the system is

schematic block, but is typically con?gured either as a
driver portion of a transmitter or the front end of a
receiver, or both. The antenna 20 also has a second port

used as a receiver, electromagnetic radiation in the
propagating medium 25 causes current flow in the elec

(propagation port) indicated generally at 23, the propa
gating port including a transducer 24 for interfacing
with a propagating medium generally indicated at 25.
The propagating medium is typically air and the trans
ducer 24 a conductor which is driven by electrical sig

40 with respect to ground.

45

trode 24 which is acoustically coupled by means of the
stacked crystal ?lter to the port 21 for passage to the
electrical circuitry 22.
The mechanism by which the energy transfer takes

nals when transmitting, or which receives electromag
netic radiation from the propagating medium 25 for
producing electrical signals when receiving.
In practicing the invention, the ports 21, 23 are elec

place is the acoustical coupling between the ports 21, 23
of the stacked crystal ?lter. More particularly, assuming

trically isolated but acoustically coupled for coupling

' nals to the electrodes 30, 31 which in turn will excite the

that the device is used as a transmitter, the electrical

circuitry 22 will generate signals and couple those sig

energy between the electrical circuitry 22 and the trans

thin ?lm piezoelectric resonator 33. As will be noted
ducer 24 and from there to the propagating medium 25. 55 vbelow, the resonator is con?gured to resonate in the
When used as a transmitter, theelectrical circuitry 22 - frequency band of interest, and thus, the acoustical
produces electrical signals which drive the ?rst port 21, ' energy produced in the piezoelectric resonator 33 by
the signals on the ?rst port 21 being acoustically cou
means of the signals coupled to the electrodes 30, 31
pled to the second port‘23 and then retransformed to
will be coupled to the upper resonator 34. The acoustic
electrical signals for driving the transducer 24 and pro 60 energy in the upper resonator 34 will in turn be trans
ducing electromagnetic radiation in the propagating
formed to electrical signals or current ?ow in the elec
medium 25. When the antenna is used in the receiving
trodes 32, 31, and the current flow in the electrode 32

mode, electromagnetic radiation in the propagating

(with respect to the ground plane established by the

medium 25 is received on the conductive transducer 24
electrode 31) will radiate electromagnetic energy into
to drive the second port 23, the energy in the second 65 the propagating medium 25.
port 23 is acoustically coupled to the ?rst port 21 and
As an important feature of the invention, the charac
retransforrned to electrical energy for driving the re
teristics of the stacked crystal ?lter are con?gured to
ceiver in the electrical circuitry 22.
match the frequency band of interest for the antenna 20.
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That is accomplished primarily by controlling the thick

etched at 36 below the ?lter section. Such etching can
also be useful in certain embodiments where a separate
nesses of the piezoelectric resonators 33, 34 as well as
connection to the lower electrode 30 is desired. In FIG.
the material of the resonators to ‘assure that the total
1, the lower electrode 30 is illustrated as having a ?rst
thickness of the resonator at the speed of propagation
through the resonator material is one-half wavelength 5v extended portion 50 illustrated in solid lines to the left of
at the frequency of interest. The passband is typically
the stacked crystal ?lter for providing a location such as

broad enough such that the antenna will operate over a

point 51_for making connections to the lower electrode

transmitting or receiving range of frequencies necessary

. 30 when it is inconvenient to make connections in the

for most applications, However, it will now be apparent

etched region 36, It is noted that the sections 52, 53 of

' that when utilizing, for example, AlN material as the 10 the device which bracket the lower resonator 33 are

piezoelectric resonators,‘ it will be a matter of simple acoustical isolation sections and, for example, can be
con?gured as small etched voids which allow a degree
calculation for those skilled in the art to determine the
thicknesses of the ?lms 33, 34 to produce one-half
of movement of the resonator 33 for its excitation in the
wavelength across the resonator at the center (or other” performance of its coupling function. Thus, wheh the
desired portion) of the passband of interest, thereby to 15 sections'52, 53 are etched, convenient access is provided
cause resonance 'within the ‘stacked crystal filter in the ' to the extended portion 50 of the electrode for making
' passband of the antenna. By virtue of the resonance,

an electrical connection thereto. In a particularly useful

signals imposed on the ?rst port 21 will couple strongly

con?guration of driving circuit and stacked crystal

?lter on a common substrate 35, in addition to forming
‘ to the second port 23 and generate electrical signals in
the electrodes 32, 31 which are of suf?cient magnitude 20 the central stacked crystal ?lter over the etched region
36, positioned exterior of the stacked crystal ?lter and
to radiate appreciable electromagnetic energy. By way
separated by ~acoustic isolation regions 52, 53 are ex
of contrast, at signals which are not in the passband for

which the ?lter is designed to resonate,v destructive
interference of such signals‘ across the resonant circuit

tended portions 55, 56 of the semiconductor/antenna '

within the resonator and thus will couple little if any
energy from the port 21 to the port 23. It willalso be
apparent that when ‘the antenna is used as a receiver,

of a semiconductor device grown or otherwise formed‘
on the substrate 35 and which themselves can be con?g

device formed on the silicon or GaAs substrate 35. The
of the resonators 33, 34 will prevent reinforcement 25 sections 55, 56 are intended to represent active portions

while the coupling is in the opposite direction, the same

principles apply.
As a signi?cant feature of the invention, the shape of
the electrodes is preferablyv con?gured to shield the
‘electrical port 21 of the antenna‘from electromagnetic

ured as part of the electrical circuitry 22. For example,
the section 55 can represent the output of a ?eld effect

to

transistor such as a MOSFET formed on a silicon sub
strate 35 or a MESFET formed on a GaAs substrate 35,

and dotted line extension 57 of the electrode 50 is in
tended to indicate a further connection to that output

interference present invthe propagating medium 25. To

portion of the active device 55. Such a connection illus
that end, the central ground electrode 31 is enlarged as 35 trates an important advantage of the antenna according

compared to the dimensions of the resonators or other

electrodes such that the non-common electrode of the
electrical port 21 is shielded by the grounded common

electrode. Thus, although electromagneticinterference

to the present invention in that both the active device
which forms the electrical circuitry 22 and the antenna
elements 20‘ can be monolithically integrated on the
same substrate 35 in order to provide an extremely

can be present in the propagating medium 25, by virtue. 40 miniaturized transmission or reception device complete

of the grounded shield imposed by the common elec

with antenna. Such a device is intended to ?nd signi?

trode 31 in very close (micron) proximity to the elec
trode 30, the electromagnetic interference does not

cant application in miniaturized personal concealable
radio devices intended for operation without detection.

FIGS. 2 and 3 illustrate a further embodiment of the
couple to the electrode 30. While the electromagnetic
interference can couple to the exposed electrode 32, 45 invention which is identical to that of FIGS. 1 and 3
with the exception of the shape of the electrode which
since the electromagnetic interference is typically at a
' acts as the antenna transducer for coupling to the elec
frequency other than that for which the antenna is de
tromagnetic propagating medium. In the FIG. 2 em
signed, and since the coupling between the ports is
bodiment (and as illustrated in dashed lines in FIG. 3),
acoustical rather than electrical, that further path for
introduction of interfering signals is also blocked. Thus, 50 the transducer generally indicated at 24 is formed in a
complex non-planar shape which, in addition to the
while electromagnetic signals can be imposed on the
basic planar shape of the electrode 24, includes a shaped
transducer 24 to excite the upper resonator 34, since the
portion 24a which extends beyond the plane of the
thicknesses of the resonator are such that the stacked
electrode 24 and also rises from that plane. Typically
crystal ?lter will not resonate at those frequencies, the
acoustical path for coupling signals to the electrical port 55 with a planar array there will be little, if any, gain at the
21 is blocked. In short, theelectrical port is blocked ?rst - horizon or at the zenith of the antenna. By con?guring
a section 240 as illustrated in FIG. 2, the antenna is
of all by the grounded shield imposed by the common
given a vertical aspect which will cause a portion of the
electrode and secondly by the ‘mode of coupling of
energy to be transmitted both to the horizon and to the
signals between ports which must resonate in order for
coupling to occur.

_

60 zenith so that there are no zero gain areas for the an

crystalline semiconductor or semi-insulating materials

tenna. Those skilled in the art of antenna design will
appreciate that the shaping of the section 240 will cause
the distribution to be altered, and con?guration of the

such as silicon or GaAs. Thus, the substrate 35 illus

antenna in an appropriate shape to achieve the neces

As is well known in this art, the thin ?lm resonators
and particularly stacked crystal ?lters can be grown on

trated in the drawings is intended to represent such 65 sary distribution will be apparent to those working in
this art. While the section 240 is shown as a further
semiconductor or semi-insulating material. In order to
conductive section added to the electrode 32 which
allow' the stacked crystal ?lter adequate freedom of
forms the transducer 24, it will be apparent that the
movement, as noted above, the substrate is typically

5,034,753
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elements 24 and 240 can be grown together by the same

amount of the energy coupled into the electrical port 21
evaporation techniques used to form the other elec
for transmission. When the device is used as a receiver,
trodes, and need not be separate elements as illustrated
it may be preferable in many cases to make the electrode
in FIG. 2.
24 or the combination electrode 24, 240 as large as pos
Armed with the instant disclosure, the manner of 5 sible to provide maximum excitation for the upper reso
con?guring an antenna 20 to satisfy a particular set of
nator 34 in an effort to couple adequate energy to the
transmitting or receiving conditions will now be appar
resonator 33 for extraction at the electrical port 21. In
ent to, those skilled in the antenna art. It will also be
any event, the drawings of FIGS. 1-3 illustrate that the
apparent to those skilled in the art that con?guring an
shapes of the electrodes for the respective ports can be
antenna 20 with separate electrical 21 and radiating 23
independently con?gured within certain limitations in
ports which are _ acoustically rather than electrically

‘order to further optimize the respective ports for the

coupled achieves a certain degree of freedom in con?g
uring the electrical port 21 to match the electrical char
acteristics of the coupled circuitry and the propagation

functions they are intended to perform. In most events,
however, it will be desirable for the common central
electrode 31 to be relatively large as compared to the

' port 23 for matching the radiation resistance experi

‘other electrodes for providing an adequate ground

enced by the transducer 24. Thus, in con?guring an
antenna according to the invention for a particular ap
plication, the electrical impedance of the port 21 is
matched to that of the driving circuitry 22 utilizing a

plane for the transducer electrode 24 and adequate
shielding for the electrical port 21 from electromagnetic
radiation.
Turning now to FIG. 4, there is illustrated a further

thickness for the piezoelectric ?lm 33 which is within 20 embodiment of the present invention utilizing a plural~
the range capable of being tuned to the frequencies of
ity of antenna elements 20a-20n con?gured in an array
interest. The electrical circuitry 22 and driving port 21
of predetermined dimension and operated as a phased
can be matched utilizing those techniques with the ' array. For example, the antennas 20a-20n are typically
major constraint being the limitation on thicknesses of
con?gured in a linear array at predetermined spacing,
the resonator 33 for achieving resonance of the stacked 25 and are driven by electrical signals adjusted in phase to
crystal ?lter in the desired frequency band. The upper
steer a beam normal to the array at any desired position
portion of the stacked crystal ?lter which serves as the
in the plane normal to the array.
radiating port, and particularly the shape of the trans
To that end, the normal transmit or receive circuitry
ducer 24 is con?gured to match thedriving point impe
is illustrated as 60 and is coupled to an intermediate
dance of the antenna. Conventional techniques can _be
phase control circuit 61 which in turn drives the electri
used such as use of a network analyzer to determine the
cal ports 21a-21n with the same signal but at different

driving point scattering matrix and to optimize the

phases of that signal for the purposes of steering. Thus,

shape of the transducer electrode 24 to shape the radia
tion pattern in the desired fashion. The very minor
thickness of the stacked crystal ?lter coupled with the '
isolation provided by the common grounded electrode

when used as a transmitter, the signal is propagated

with the phase being adjusted from pulse to pulse of

restricts the radiation ?eld of the antenna to that above

transmitted energy to cause the steering of the beam

the ground plane 31 and thus constrains the driving

from the phased array. Similarly, when the array is used
in a receiving mode, signals received at the individual
antenna elements are coupled to the electrical circuitry

point ?eld to the volume outside of the radiation area
de?ned by the electrode 24.

‘

Thus, there is a considerable degree of freedom avail
able in designing the radiation portion of the antenna.
The primary constraint imposed on the con?guration of
the propagation port 23 by the con?guration of the

through the transmitting ports 230-23): with the phase
delayed from radiator to radiator within the array, and

in phase differentiation as controlled by signals from the

phase control circuit 61 such that the received signal is
selected from any point in the plane perpendicular to
the array as determined by the relative phasing between
electrical port 21 is that the total thicknesses of the two 45 the received signals. The phased array itself will not be
resonators must be resonant at the frequency of interest. v explained further herein since such techniques for
That allows a substantial amount of ?exibility in con?g
steered beam radar and the like are well known to those
uring the ports somewhat independently to optimize
skilled in the art. What will be now apparent to those
both with respect to their particular requirements while
skilled in the art, however, is that such a phased array
still achieving highly ef?cient acoustic coupling be
can be achieved with signi?cant isolation between the
tween the ports. It will also be apparent that a further
phase control electrical elements of the control elec
degree of freedom is available in allowing the thick
tronics and the transmitting or receiving transducer
nesses of the two resonators 33, 34 to be different from
elements of the antenna, with the coupling between
each other when that is desirable, the primary require
such elements being accomplished acoustically to
ment being that the total thickness of the two resonators ‘ achieve the independent degrees of freedom in con?g
be about one-half wavelength through the material of
uring the respective ports and the isolation between the
the resonators in the passband of interest.
ports described in detail above.
While the shaped section 240 of the electrode 24 of
It will now be apparent that what has been provided
FIG. 2 illustrates a particular con?guration for enhanc
is a new con?guration of antenna which has a ?rst port
ing the gain at the zenith and horizon, it more generally 60 for coupling to electrical circuitry which is typically a
illustrates the principle that the size and shape of the
transmitter or a receiver and a second port for interfac
transducer which comprises the upper electrode of the
ing with a propagating medium. Each port has elec
stacked crystal ?lter need not be constrained by the
trodes for coupling to the respective elements, with one
shape of the other electrodes of the stacked crystal
of the electrodes of the port coupled to the propagating
?lter. It is often desirable that the transducer electrode 65 medium serving as the transmitting or receiving trans
ducer. The ports are electrically isolated but acousti
cally coupled so that the energy which is passed be
that the transmitting port 23 can extract the maximum
tween the electrical elements coupled to one port and

have about the same or greater area than the electrical
electrode 30 when the device is used as a transmitter so.
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the electromagnetic radiating elements coupled to the
other port are interfaced only by way of the acoustical

electrical circuit and stacked crystal ?lter are supported

coupling. Acoustical coupling is accomplished by

on a common semiconductor or semi-insulator sub
strate.

' means of a stacked crystal ?lter which is tuned to the

5. A phased antenna array comprising a plurality of

passband at which the antenna is intended to operate, so
as to couple energy at maximum efficiency between the‘

antenna elements as set forth in claim 3 and wherein the

electrical circuit includes phase control means for phas
ing the elements in the antenna array.

_ ports in the passband of the antenna but to sharply re

ject energy ‘out of the band. Susceptibility to electro

6. An antenna for coupling energy in a predetermined

magnetic interference, which is provided in one mea
sure by virtue ‘of the acoustic rather than electrical
‘coupling, is further enhanced by con?guring a common

frequency band between an electrical circuit and an

electromagnetic propagating medium capable of propa
gating electromagnetic energy in said predetermined

electrode between the elements of the stacked crystal
?lter as an extended ground plane which constrains the

frequency band, the antenna comprising the combina

driving point ?eld of the transducer section of the an
tenna to the volume outside the radiating area.
What is claimed is:
' 1. An antenna for coupling energyin a predetermined

frequency band between an electrical circuit and an
electromagnetic propagating medium, the antenna com
prising, in combination:

10

4. The combination as set forth in claim 3 wherein the

isv

tion of:
l a ?rst port for interfacing electrical energy between
the electrical circuit and the antenna in the prede
termined frequency, band,

-

second port having a transducer for interfacing
20

between the propagating medium and the antenna
in the predetermined frequency band, the trans
ducer having no leads connected thereto and serv

a ?rst port coupled to and electrically matched to the

ing to convert between electrical signals in the
transducer and electromagnetic radiation in the

electrical circuitry for exchanging energy there

with,
a second port having a transducer for interfacing
between the antenna and the propagating medium, 25

propagating medium,
and acoustical coupling means for acoustically cou

' the transducer having no leads connected thereto

pling energy in the predetermined frequency band

and serving to convert between electrical signals in

between the ?rst and second ports, the acoustical

the transducer and electromagnetic radiation in the

coupling means including coupled piezoelectric
resonators for converting between electrical and
acoustical energy in the predetermined frequency
band,

propagating medium,
and means for acoustically coupling the ?rst and 30
second ports, the acoustical coupling means serv

ing to translate between electrical energy in the
predetermined frequency band at the ports and

the ?rst port including first electrode means formed
on the coupled piezoelectric resonators and con

acoustical energy for coupling between the ports,
the acoustical coupling means including coupled pi

nected to the electrical circuit for transforming
between electrical energy in the electrical circuit
and acoustical energy in the piezoelectric resona
tors, the second port including second electrode

ezoelectric resonators for providing the acoustical

coupling, the ?rst port including ?rst electrode

means formed on the coupled piezoelectric resona

means formed on the piezoelectric resonators and
connected to the electrical circuitry for transform

tors for transforming between electrical energy in
the second electrode means and acoustical energy

ing between electrical energy in the electrical cir
cuitry and acoustical energy in the piezoelectric
resonators, the second port including second elec
. trode means‘. formed on the piezoelectric resona

in the coupled piezoelectric resonators, the second
electrode means being disposed for coupling elec
tromagnetic energy with the propagating medium,

tors, said second electrode means serving as the

vthereby to serve as the transducer of the second

transducer for coupling energy between the propa 45

gating medium and the piezoelectric resonators.

port for coupling with the propagating medium.
7. The combination as set forth in claim 6 in which
the ?rst and second ports and the coupling means com
prise a thin ?lm stacked crystal ?lter, the stacked crystal
?lter having ?rst and second thin ?lm piezoelectric

2. The combination as set forth in claim 1, wherein

the ?rst po'rt comprises a pair of electrodes separated by
a ?rst piezoelectric resonator, the second port com

prises a pair of electrodes separated by a second piezo 50 resonators separated by a thin ?lm common electrode
and sandwiched by ?rst and second thin ?lm electrodes
electric resonator, one of the electrodes of the ?rst and
associated respectively with the ?rst and second piezo
second ports being a common electrode disposed in
electric resonators, the stacked crystal ?lter comprising
both said ports, whereby the piezoelectric resonators
said coupled piezoelectric resonators of the coupling
separated by the common electrode serve as the cou
pling means between the ports, the non-common elec

means,

-

trode of the second port serving as said transducer for

the ?rst and common electrodes associated with the

coupling energy between the piezoelectric resonators
and the propagating medium.

?rst piezoelectric resonator including connecting

3. The combination as set forth in claim 1 wherein the
ports and coupling means are con?gured as a stacked 60

interfacing electrical energy in the predetermined
frequency band therewith,

means for coupling to the electrical circuit for

the second electrode associated with the second pi
ezoelectric resonator comprising said transducer
for coupling energy between the second port and
the propagating medium in the predetermined fre

crystal ?lter comprising three thin ?lm electrodes dis
posed on and separated by ?rst and second thin ?lm
piezoelectric resonating elements, a central one of the
three electrodes being shared by the two ports, the

piezoelectric resonators'being acoustically coupled for

65

quency band.
8. The combination as set forth in claim 7 in which

acoustically coupling energy between the ports and
translating the coupled energy to or from electrical

the common electrode is grounded and serves as a

energy at the ports.

shield against electromagnetic interference protecting

I
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said ?rst port from electromagnetic radiation outside of

a propagating medium, the antenna comprising in com

the predetermined frequency band.
I
9. The combination as set forth in claim 8 wherein the
grounded common electrode serves as a ground plane

bination:
a stacked crystal ?lter having ?rst, second and third
thin ?lm electrodes, the stacked crystal ?lter also

for said transducer.
10. The combinationas set forth in claim 7 in which
the antenna is ‘a transmitting antenna, the electrical
circuit being a transmitter driver for connection to the‘

having ?rst and second thin ?lm piezoelectric ele
ments interposed respectively between the ?rst and
second and the second and third electrodes,
the ?rst and second electrodes and ?rst piezoelectric

?rst port for exciting the ?rst piezoelectric resonator
therein, the transducer being a radiator of electromag
netic energy in the predetermined frequency band, the
coupling means serving to couple acoustic energy from

coupling to the electrical circuit and transforming
between electrical energy in the electrical circuit

element therebetween serving as a ?rst port for

and acoustical energy in the piezoelectric elements,

the ?rst piezoelectric resonator to the second piezoelec
tric resonator and translate said coupled acoustical en
ergy into electrical energy in the second port for radia 5
tion by the transducer.
11. The combination as set forth in claim 7 in which
the antenna is a receiving antenna, the electrical circuit
being an electrical receiver for receiving electrical sig
nals from the ?rst port, the transducer in the second

port being adapted to receive electromagnetic energy
from the propagating medium and excite the second
piezoelectric resonator, the coupling means serving to
couple acoustical energy from the second to the ?rst
piezoelectric resonator for translation into electrical 25

signals by the ?rst piezoelectric resonator and coupling
to said electrical receiver.
12. The combination as set forth in claim 7 wherein
the electrical circuit and stacked crystal ?lter are sup
ported von a common semiconductor or semi-insulator
substrate.

the second and third electrodes and second piezoelec
tric element therebetween serving as a second' port

for coupling to the propagating medium and trans
forming between acoustical energy in the piezo

electric elements and electromagnetic energy in
the propagating medium, the third electrode hav
ing no lead wires connected thereto and being

disposed in the propagating medium for translating
between electromagnetic radiation in the medium
and conductive currents in the electrode,
the piezoelectric elements being resonant in the pre
determined frequency band of the antenna for

acoustically coupling the ?rst and second ports in
the predetermined frequency band for selectively
passing energy therebetween in said frequency
band.
15. The combination as set forth in claim 14 wherein

the electrical circuit and stacked crystal ?lter are sup
ported on a common semiconductor or semi-insulator

13. A phased antenna array comprising a plurality of

substrate.

antenna elements as set forth in claim 7 and wherein the

.

16. A phased antenna array comprising a plurality of

electrical circuit includes phase control means for phas
antenna elements as set forth in claim 14 and wherein
ing the elements in the antenna array.
35 the electrical circuit includes phase control means for
14. An antenna for coupling energy in a predeter
mined frequency band between an electrical circuit and

phasing the elements in the antenna array.
#
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