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A small, high Q loop antenna (20) configured on a printed circuit board (22) as a planar structure receives a radio signal and shields
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LOOP ANTENNA WITH REDUCED ELECTRICAL FIELD SENSITIVITY

BACKGROUND OF THE INVENTION
The present invention relates generally to communication devices, and particularly
to radio signal communication devices used in combination with devices emitting

radio frequency interference.

The current trend in electronic product lines is reduced size and increased
portability. Laptop and paimtop computers are examples of this trend. Smaller
devices typically have greater consumer appeal. Portability, e.g., by way of battery
power sources, in combination with small size supports a broad spectrum of
personal applications. Many such devices, however, operate at sufficiently high
frequencies and power levels to produce radio frequency interference or noise
affecting nearby radio signal communication. Such devices are regulated by law
and often must be shielded to avoid emission of radio signal interference. Even with
shielding, radio frequency interference in the immediate vicinity of a computing

device is, as a practical matter, difficult to eliminate.

Portable computing devices can be part of a communication system interacting by
way of radio signal. Use of radio signals as a communication link further supports

portability and further expands the range of applications available for such devices.

When combining a device producing radio signal interference, e.g., a portable

computing device, with a radio signal receiving device, e.g., to establish a remote
1
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wireless link to the portable computing device, interference with radio signal

communication must be minimized to establish a useful and reliable product.

Since for many computing devices most of the energy is electric rather than
magnetic, stray capacitance is often the primary medium coupling energy from the
high frequency computing device circuitry to the antenna. A computing device
includes internal circuitry containing conductors and elements with varying voltage
operating at radio signal frequencies. Such circuit activity produces radio frequency
interference, i.e., RF energy, in the vicinity of the computing device. One solution to
the probiem of stray capacitance is to physically separate the antenna, i.e., the
active portion of the antenna, relative to the computing device. This minimizes stray
capacitance, and thereby minimizes the magnitude of capacitive coupling between
the computing device and the antenna. Unfortunately, the length of antenna

extension required often is larger than desired for a portable device.

A second potential solution to the problem of radio frequency interference is use of
an electrical dipole antenna with differential feeds. Suitably positioning the dipole
antenna relative to the surrounding radio frequency interference can nullify
interference by balancing stray capacitance. Unfortunately, this cannot be done for
every direction and some of the sources of electric field energy remain as sources of
interference. Requiring the user of the computing device to precisely adjust the
orientation of the dipole antenna, however, may be an undesirable product

requirement.
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Conventional loop antennas can be used, but still suffer interference due to
capacitive coupling of RF energy as a result of orientation and position relative to

the computing device.

Given a product requirement of small overall size, it is desirable to avoid large
elements such as conventional antennas, i.e., large antennas. Unfortunately, the
use of a radio signal communication link and associated antenna often frustrate this
design criteria, i.e., the inevitable presence of radio signal interference requires a
large separation between the computing device and the antenna. it would be
desirable, therefore, to provide a small, low-loss antenna capable of operating
reliably in the presence of electric field radio frequency interference found in and

around computing devices.

SUMMARY OF THE INVENTION

A radio signal receiving device under the present invention includes a planar
antenna loop structure and a magnetic pickup device coplanar to and located within
the antenna loop structure. A radio signal receiving device couples to the magnetic
pickup device. One or more capacitors are interposed in series along the antenna
loop structure to establish a selected resonant frequency, tuning the antenna. The
antenna of the present invention may be implemented as conductive traces on a

printed circuit board.

A method of receiving a radio signal under the present invention includes the steps

of providing by conductive loop structure a shielded planar region, the planar region
3
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being shielded against tangential electric field energy, and magnetically coupling
the loop structure to a coplanar magnetic pickup device located within the loop
structure. A differential radio signal is then taken from the magnetic pickup device.
Series capacitance located at two symmetrically opposite locations on the loop
structure balances current flow therein, and thereby nullifying interfering magnetic
flux induced in the magnetic pickup device. Variable capacitance elements may be

used to establish selected tuning of the loop structure.

The subject matter of the present invention is particularly pointed out and distinctly
claimed in the concluding portion of this specification. However, both the
organization and method of operation of the invention, together with further
advantages and objects thereof, may best be understood by reference to the
following description taken with the accompanying drawings wherein like reference

characters refer to like elements.
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BRIEF DESCRIPTION OF THE DRAWINGS
For a better understanding of the invention, and to show how the same may be
carried into effect, reference will now be made, by way of example, to the

accompanying drawings in which:

FIG. 1 illustrates a computing device producing interfering electric field energy and

an antenna with reduced sensitivity to interfering electric field energy.

FIG. 2 further details the antenna of FIG. 1 as implemented on a printed circuit

board.

FIGS. 3A-3C illustrate a conventional loop antenna and several relative orientations

to an interfering electric field such as produced by an adjacent computing device.

FIG. 4 illustrates a conductive ring within a tangential electric field and shielding

provided thereby in the interior planar area of the conductive ring.

FIG. § illustrates schematically an antenna structure according to the present
invention including an antenna loop with series capacitance establishing a selected
resonant frequency and a magnetic pickup ioop within and coplanar to the antenna

loop.

FIG. 6 illustrates a second embodiment of the present invention including split

capacitance in establishing a fixed resonant or tuning frequency.
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FIG. 7 illustrates a further embodiment of the present invention including variable
split capacitance to establish a selected resonant frequency by application of a DC

tuning voltage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 illustrates a small, portable computing device 10, e.g., a portable laptop
computing device, including a display 12 and keyboard 14. The circuitry of device
10 operates at sufficiently high frequency to produce radio frequency interference
(RF1) 16, primarily electric field interference. Device 10 further includes radio signal
receiving circuitry, i.e. receiver 18, and a small, high Q loop antenna 20 according to

a first embodiment of the present invention.

In FIG. 2, antenna 20 is implemented on a printed circuit board 22 and couples to
receiver 18 by way of co-axial cable 24, shown disconnected in FIG. 2 to better
illustrate loop antenna 20. Antenna 20 includes an antenna loop 30 and an inner
magnetic pickup loop 32. Those magnetic flux lines of the impinging radio signal
that pass through the interior of antenna loop 30 excite a uniform oscillating current
around antenna loop 30, producing a concentrated magnetic flux within and around
antenna loop 30. Antenna loop 30 shields its planar interior area against interfering
tangential electric fields. A concentrated magnetic flux derived from the radio signal
received by antenna loop 30 exist, however, within the electrically shielded pianar

interior of antenna loop 30. Magnetic pickup loop 32, within the plane of antenna
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loop 30, reacts to the concentrated magnetic flux and couples RF power to co-axial

cable 24.

While illustrated and discussed primarily with reference to receiving radio signals,
the present invention may be used to transmit a radio signal as well. If RF power is
applied to loop 32, e.g., by means of cable 24, it will be magnetically coupled to

antenna loop 30 for transmission.

Loops 30 and 32 are conductor traces on printed circuit board 22. As may be
appreciated, the manufacture of antenna 20 on printed circuit board 22 is relatively
inexpensive. Further, the designer has significant control over features such as the
size and relative placement of each of loops 30 and 32 upon circuit board 22.
Antenna loop 30, a circular structure upon the planar surface 22a of board 22, lies
symmetrically relative to an axis of symmetry 34. Generally, for VHF or lower
magnitude frequencies, antenna loop 30 is made as large in diameter as possible
given overall size and design constraints of computing device 10. Magnetic pickup
loop 32 also lies upon the planar surface 223, i.e., is co-planar with antenna loop
30, and, as discussed more fully hereafter, lies offset relative to axis 34. Size
variation in magnetic pickup loop 32 accomplishes impedance matching between
antenna loop 30 and co-axial cable 24 by varying the number of magnetic flux lines
passing through the interior of magnetic pickup loop 32.

Antenna loop 30 includes a null point 30a and a break 30b, both along axis of
symmetry 34. Selected magnitude series capacitance across break 30b tunes
antenna 20. More particularly, a high Q capacitor 40 lies in series across break 30b

and limits the range of capacitance variation across break 30b and improves the Q
7
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for antenna 20. A pair of matched voltage variable capacitors (varactors) 42,
individually 42a and 42b, also lie in series across break 30b with a conductive trace
44 therebetween. A selected DC voltage provided at trace 44 tunes antenna 20 to a

selected radio signal frequency.

The DC tuning voltage arrives by way of the center conductor 24a of co-axial cable
24. A conductive trace 46 couples trace 44 to an inductor 48 and a conductive trace
50 couples the opposite side of inductor 48 to magnetic pickup loop 32. Each of
traces 46 and 48 as well as inductor 50 lie along axis of symmetry 34. Inductor 48
‘blocks radio signal energy present at trace 44, caused by varactors 42 asymmetry,

from entering magnetic pickup loop 32, but allows delivery of the DC tuning voltage

at trace 44.

Magnetic pickup loop 32 includes a break 32a. A first side of break 32a defines a
terminal 60 lying along axis of symmetry 34. The second side of break 32a couples
through a capacitor 62 to terminal 64, shown in FIG. 2 as two coupling points 64a
and 64b spanning axis of symmetry 34. Capacitor 62 blocks the DC tuning voltage,
but does not block the high frequency radio signal. In coupling co-axial cable 24 to
antenna 20, cable 24 lies along axis of symmetry 34 with the center conductor 24a
electrically attached to terminal 60 and the shield conductor 24b electrically
attached to terminal 64, specifically by means of an inverted U-shaped solid wire

soldered to coupling points 64a and 64b.

The magnetic pickup loop 32 is offset, i.e., not centered within loop 30, to minimize

the effective capacitance between the loops 30 and 32. Actual positioning of the
8
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offset location for magnetic pickup loop 32 can be accomplished experimentally, or
through use of computer modeling tools using finite element techniques. The intent
in such offset positioning is to minimize the capacitive coupling of RF power
between the loops 30 and 32 by taking into account the relatively stronger signal
voltage locations of each loop structure, i.e., maximum signal voltage at terminal 60
and no voltage at terminal 64 for loop 32; and maximum signal voltage at break 30b

and no signal voltage at null point 30a for loop 30.

FIGS. 3A-3C illustrate interaction between a conventional loop antenna 80 and a
surrounding electric field 82, e.g., originating from a nearby computing device, for
three orthogonal orientations therebetween. In FIG. 3A, field 82 lines are
perpendicular to the loop 80, i.e., perpendicular to the plane of loop 80. In such
relative orientation, currents flow from one surface of the loop to the opposite
surface, e.g., transversely front to back, and no currents flow around loop 80 as a
result of field 82. No net current results with respect to contacts 80a and 80b of loop
80. In FIG. 3B, field 82 lies tangential relative to loop 80 and parallel to the axis of
symmetry 80c for loop 80. In such orientation, currents 83a and 83b flow up or
down but no net current results between contacts 80a and 80b as a result of electric
field 82. Thus, the relative orientations for loop 80 and field 82 as shown in FIGS.
3A and 3B illustrate no radio frequency interference, i.e., no net current induced at

terminals 80a and 80b, by electric fields 82.

FIG. 3C illustrates a source of radio frequency interference within loop 80 due to a
surrounding tangential electric field 82. More particularly, FIG. 3C illustrates

tangential orientation of field 82 relative to loop 80 and perpendicular orientation
9
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relative to axis of symmetry 80c. Current flow 84, individually current flows 84a and
84b, within loop 80 produces a net current through terminals 80a and 80b, i.e.,
through a receiver when connected thereto. Current flow 84b, forced across the
break 80d of ioop 80, causes net current flow relative to terminals 80a and 80b.
Accordingly, for the relative orientation illustrated in FIG. 3C, electric field 82
produces radio frequency interference in a radio signal taken at terminals 80a and

80b.

Thus, loop 80 as illustrated in FIG. 3C suffers radio frequency interference relative
to electric field 82 when tangential to its plane and perpendicular to its axis of

symmetry 80c. Important to note, however, the interior of loop 80, as shown in FIG

3C, is shielded against this interfering tangential electric field 82.

FIG. 4 illustrates a conductive ring in a tangential electric field 92, and by analogy
illustrates the shielding effect provided by antenna loop 30 relative to interfering
electric field 16. Currents flow in the outer edge of conductive ring 90 until a charge
distribution along the outer edge of ring 90 cancels the electric field inside the ring
90, i.e., no tangential electric field exists within ring 90. In other words, no
interfering electric field exists within the interior planar area 94 of conductive ring
90, all locations on ring 90 being at the same potential. By analogy, antenna loop
30 shields the magnetic pickup loop 32 from any external electric fields tangential
to, i.e., within the plane of, loop 30. By symmetry, perpendicular electric field lines

have no effect so long as one obtains a differential signal.

10
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The antenna of the present invention provides a shielded region, i.e., shielded

against interfering, i.e., tangential, electric field radio frequency (RF) interference,
while providing within the shielded area a concentrated magnetic flux derived from
the desired radio signal. The magnetic pickup loop 32, within and coplanar to the
antenna loop 30, intersects the concentrated magnetic flux and provides terminals

for coliecting the radio signal power.

FIG. 5 illustrates schematically use of a surrounding antenna loop 130 acting as a
shield relative to an external electric field 116. Capacitor 140 interposed as a break
in loop 130 is selected to resonate antenna loop 130 at a desired frequency.
Antenna loop 130 is electrically small, i.e., it is significantly smaller than the
wavelength of the desired frequency. Magnetic pickup loop 132 lies centrally

relative to and within the plane of antenna loop 130.

Capacitor 140 replaces the conventional antenna feed points, e.g., terminals 80a
and 80b of FIGS. 3A-3C. A selected capacitive value in conjunction with the
inductance of loop 130 establishes a selected resonance for antenna loop 130.
Magnetic flux concentrated within antenna loop 130 passes through magnetic
pickup loop 132 for coupling at terminals 132a and 132b to receiver 18, e.g., by way
of a balanced cable. Loop 132 may be viewed as a ioosely coupled secondary
winding of a transformer. In this manner, loop 132 is magnetically coupled to
antenna loop 130. Important to note, antenna loop 130 receives the radio signal
and, due to the high Q resonance, concentrates magnetic flux thereof for collection

by magnetic pickup loop 132.

11
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Placement of capacitor 140 in series with antenna loop 130 introduces some
imbalance in current fiow resulting from a surrounding tangential electric field. More
particularly, current flow 131a and current flow 131b result from the surrounding
electric field 116. Because capacitor 140 is in the path of current flow 131a, but not
in the path of current flow 131b, a current flow imbalance results. Currents 131a
and 131b are, therefore, not always equal in phase and magnitude because of
capacitor 140. This can produce a net magnetic flux through loop 132 and thereby

undesirably induce voltage, i.e., interference, across terminals 132a and 132b.

FIG. 6 illustrates a most preferred configuration of the present invention as a
solution to the imbalance of current flow in the embodiment of FIG. 5. As may be
appreciated, the embodiment of the present invention illustrated schematically in
FIG. 6, as well as FIG. 7, may be implemented on a printed circuit board as
described herein above with respect to the embodiment of FIG. 2. In FIG. 6, tuning
capacitance 240 is split at capacitors 240a and 240b. Each of capacitors 240a and
240b have a value of twice a selected capacitance, e.g. that of capacitor 140 in FIG.
5, necessary to tune antenna loop 230 to a selected radio signal frequency.
Magnetic pickup loop 232 rests symmetrically, i.e., centered, within antenna loop
230. Current flow induced in loop 230 as a result of the surrounding electric field
216, individually current flows 229a and 229b, passes through capacitance 240,
individually through capacitors 240a and 240b, symmetrically. Thus, the net
magnetic flux through magnetic pickup loop 232 created by current flows 229a and
229b is zero and no magnetic coupling between magnetic pickup loop 232 and the

current 229 created by the interfering electric field 216 exists.
12
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A balanced twin lead c_able 224, i.e., having two identical signal conductors 224a
and 224b, couples receiver 218 to terminals 232a and 232b of magnetic pickup loop
232. In this configuration, the magnetic pickup loop 232 is centered within antenna
loop 230 and a differential signal taken from the terminals 232a and 232b provides
radio signal power. This antenna arrangement enjoys freedom of orientation
relative to the interfering electric field 216 and provides a radio signal substantially

less sensitive to an interfering surrounding electric field.

In summary, by symmetry a perpendicular electric field produces no differential
voltage at terminals 232a and 232b. Tangential electric field 216 is shielded against
interaction with the inner magnetic pickup loop 232 by means of the outer antenna
loop 230, and therefore field 216 produces no voltage variation at terminals 232a
and 232b. Currents 229a and 229b induced in the antenna loop 230 by tangential
electric field 216 are symmetric and thus produce no net flux through magnetic
pickup loop 232, producing therefore no voltage differential at terminals 232a and

232b.

FIG. 7 illustrates incorporation of variable capacitors (varactors) and application of a
DC tuning voltage, via twin lead cable 224, for selectable tuning of the antenna
configuration illustrated in FIG. 6. In FIG. 7, varactors 237a and 237b replace
capacitors 240a and 240b to provide variable capacitance, and therefore selectively
variable resonance, in the antenna loop 231. Inductors 239a and 239b DC couple
magnetic pickup loop 233 with outer antenna loop 231. Inductors 239a and 239b

block radio frequency energy conduction between the antenna loop 231 and
13
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magnetic pickup loop 233. Capacitor 238, interposed symmetrically opposite
relative to terminals 225a and 225b of magnetic pickup loop 233, blocks DC current
between terminals 225a and 225b. Terminal 225a receives via twin lead cable 224
a positive varactor control voltage and terminal 225b receives a negative varactor
control voltage. Magnetic pickup loop 233 rests symmetrically, i.e., centered,
relative to the outer antenna loop 231. Thus, the antenna configuration of FIG. 7
tunes to a selected radio signal frequency by application of a DC tuning voltage, via
twin leads 224a and 224b of cable 224 coupled to terminal 225a and 225b, for

improved reception therefrom.

Thus, an improved loop antenna with reduced electrical field sensitivity has been
shown and described. The antenna of the present invention shields interfering, i.e.,
tangential, electric field lines and concentrates magnetic flux lines within an antenna
loop. The concentrated magnetic flux lines intersect a coplanar magnetic pickup
loop within the antenna loop. A radio signal taken from the magnetic pickup loop is
less sensitive to interference caused by an adjacent source of radio frequency
electrical field interference, i.e., caused by an adjacent computing device. The
antenna of the present invention may be made sufficiently small to meet product
design criteria including small overall package form while still reliably receiving a
radio signal in establishing a wireless link for a computing device. The antenna of
the present invention is particularly well suited for application as a small, high Q
antenna where the circumference of the loop antenna is substantially smaller than

the radio signal wavelength of interest.

14
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It will be appreciated that the present invention is not restricted to the particuiar
embodiment that has been described and illustrated, and that variations may be
made therein without departing from the scope of the invention as found in the

appended claims and equivalents thereof.

15
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CLAIMS
What is claimed is:
1. A radio signal receiving device comprising:
a planar antenna loop structure;
a magnetic pickup device coplanar to said antenna loop structure and located
within said antenna loop structure; and

a radio signal receiving device coupled to said magnetic pickup device.

2. A device according to claim 1 wherein said loop antenna includes a capacitor
in series therewith and of selected capacitance to establish a selected resonant

frequency for said loop antenna structure.

3. A device according to claim 1 wherein said loop structure and said magnetic

pickup device are implemented as conductive traces on a printed circuit board.

4, A device according to claim 1 wherein the location of said magnetic pickup

device relative to said antenna loop is selected to minimize capacitive coupling

between said magnetic pickup device and said antenna loop.

16
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5. An antenna for receiving a radio signal, the antenna comprising:

an antenna loop residing within an antenna loop plane;

a magnetic pickup loop coplanar to said antenna loop and positioned
symmetrically within said antenna loop, said magnetic pickup loop including first and

second terminals providing a radio signal thereat.

6. A method of receiving a radio signal, the method comprising the steps:
providing by conductive loop structure a shielded planar region, the planar
region being shielded against tangential electric field energy;
magnetically coupling said loop structure to a magnetic pickup device located
within said loop structure and coplanar thereto; and

taking a differential radio signal from said magnetic pickup device.

7. A method according to claim 6 wherein a series capacitance is placed at two

symmetrically opposite locations along said loop structure.

8. A method according to claim 6 wherein two variable capacitance elements

are located at symmetrically opposite locations in series along said loop structure.

9. A method according to claim 6 wherein said magnetic pickup device is a loop

structure located centrally relative to said antenna loop structure.

17



WO 97/28609 PCT/US96/20786

1/5

1

FIG.




PCT/US96/20786

WO 97/28609

RECEIVER

RADIO

2/5

FIG. 2



WO 97/28609 PCT/US96/20786

3/5

FIG. 3C




WO 97/28609 PCT/US96/20786

FIG. 5 116



PCT/US96/20786

WO 97/28609

5/5

4AOY

& "Dl

q

| 812
A
eC 477
q/§7
q5gg ©SZZ
£ee
D657

94

q¥cd 0yee

A4

9 Old




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US96/20786

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(6) :HO4B 1/18
US CL :455/193.1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed

U.S. @ 455/193.1, 129, 343; 343/742, 741, 744

by classification symbols)

nonec

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Maya

Blectronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Abstract, column 3, lines 1-12,
column 2, lines 60-68, figure 1

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 3,641,576 A (FARBANISH) 08 Febuary 1972, figure 1,| 1-9
abstract, column 2, lines 64-71, figure 2, column 3, lines 16-
40
Y US 4,879,570 A (TAKIZAWA ET AL.) 07 NOVEMBER 1989, 1-9

column 2, lines 55-65,

D Further documents are listed in the continuation of Box C.

D See patent family annex.

<
P

gorics of cited d
dmdeﬁnmgbegmﬂmofﬁemwhnh-Mmdemd
to be of pasticular relcvance

earlicr document published on or after the ternational filing date

document which may throw doubts on priority claim(s) or which i
cited (o establish the publication date of another citation or other
special resson (as specified)

doanmnefenhgtouonldicksun. use, exhibition or other

A"
“E*
L
0°

‘P document published prior to the international filing date but later than

the priority date clained

T later document published afier the m\emuoml filing date or pnomy
date and not in conflict with the ap ion but cited to und

principle or theory underlying the invention

documenl of particular relevance; the claimed invention cannot be
d novel or ot be idered o involve an inventive step
when the document s taken alone

document of particular relevance; the claimed invention cannot be
considered to involve mn inventive step whea the document is
combined with one or more other such document, such combination
being obvious to & person skilled in the art

& document member of the same patent family

Date of the actual completion of the international search

10 FEBRUARY 1997

Date of mailing of the

19 MAR19S

gtcmatlonal search report

Name and mailing address of the ISA/US Authg

Commissioner of Patents and Trademarks

Box PCT

Washington, D.C. 20231 ARNELL ARMSTRONG
Facsimile No.  (703) 305-3230 Telephone No. __ (703) 306-3015

Form PCT/ISA/210 (second sheet)(July 1992)%




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

