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(57) Abrége/Abstract:
An antenna Is provided that receives electromagnetic radiation and includes a dielectric substrate (106). First and second
spirals (60 and 70) on a first surface of the substrate (106) radiate the electromagnetic radiation. A third spiral (80) is utilized on a
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(57) Abréege(suite)/Abstract(continued):
second surface of the substrate (106) and Is substantially underneath one of the first and second spirals (60 and 70). The

resulting spiral antenna is compact and has multioctave bandwidth capability.
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| (87) Abstract
i

An antenna is provided that receives electromagnetic radiation and
includes a dielectric substrate (106). First and second spirals (60 and 70)
on a first surface of the substrate (106) radiate the electromagnetic radiation.
A third spiral (80) is utilized on a second surface of the substrate (106) and is
substantially undemneath one of the first and second spirals (60 and 70). The
resulting spiral antenna is compact and has multioctave bandwidth capability.

e ~ — B,
T -— R, Py
y - s N
e arirrtire—iva- S it Snig i, Y, S S S, N
» . B - - . '\\“ N .,
- . -~ >\
i T N RN
. - ., ta, e ~\\\ NS
’ . : - ‘-s ‘hi - ) “\
® -w‘.— o P \ \\
- \: I RS I\ TN RNRR
- - — \\-: R ~ \.
' ' /" _,__.—.-..__.‘.,_““\ '\:\ b, D oN .
. s et MR AR NN NSRS .
.l’ (‘ s - - -, \ .\'-‘. L] \ ;k o
| 'f I's /.d’-'-‘\\ s \‘\\‘H MAAAAR LA REN Y
e -
' ! . If -’/ ’f-.-- ‘:‘"\. \...‘ i\\ x\.. (AN .'\: ‘t\ ::*‘T \ \.\
P' . “ by " / / =L YNt \‘\ o .\.\ .\\ '\\\ \
.. ., ' r Fryg-y. b \\\... S \
;Il”i‘ . I ’ ]h{ ‘10 /— cNat e AU LAYy ‘-'1\ 5
H . ' . AN oL ' 5 \ \ ]
1‘ |- ! d ;{ ‘|| f /.'/‘" \"\ :\-\". :',\" \\. ) '.1..\ \\.
L y! M ! -ff RGN AR ALY O ¥ '
\ .'I‘ ) \ . '
! '| ]
\.\ ‘| 1,': 1131 .. 'I

i
1
l\[f [l
S .gjnl',\-. ol
. -ii "4" ’L,]'“al\-.
\ \'\‘ \\ LV
\

A
W

\}
\-

Yoy
K\
:. Ny, Ao
.\ - —
) .
\\\"‘\" \‘E":'\\\ AN e e !
IR RN =
Nt =

L) .
/‘\-.{t\\\_ ,,'5\*




10

15

20

25

30

CA 02292635 1999-12-02

WO 99/52178 PCT/US99/07359

COMPACT SPIRAIL: ANTENNA

This 1invention relates to the field of antennas, and
more particularly to compact antennas.

ROUND G v NV IGIN L L CIN

=« 109 |

Past approaches for antenna design include spirals that are
not sufficiently compact since their absorber cavities have
generally been on the magnitude of a quarter wavelength deep.

For example, an antenna with low frequency of 10 GHz which
has a wavelength of approximately one inch requires a cavity
of at least a quarter inch in depth. Since this past approach
matches the cavity’s depth to that of the longest wavelength,
1t is not suitable for broadband operations.

Other past approaches for compact antennas include
utilizing patch antennas. Patch antennas are relatively thin
and can be on the order of 2% of lambda (i.e., wavelength) in
thickness. However, patch antennas are limited in bandwidth
and are too large for certain applications where space is

considered a premium. Moreover, patch antennas cannot be
dedicated to multioctave bandwidths.

Still another previous approach is the multioctave
bandwidth spiral-mode microstrip (SMM) antenna. However, this

approach necessitates the use of a large ground plane that
extends past the diameter of the gpiral arms of the antenna in

order to operate. This large ground plane increases the
overall size of the antenna which may not be suitable for
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applications that demand a relatively small antenna.
Moreover, the SMM antenna approach can only provide a

single common ground plane for a dual or multiple

concentric antenna configuration. This greatly 1limits

1solation between the antennas.

Accordingly, there 1s a need for a compact spiral

antenna that has multioctave bandwidth capability that

allows 1solation between concentric spirals.

SUMMARY OF THE INVENTION

(1

In accordance wilth the teachings of one aspect of

the present 1nventlion, an antenna 1s provided that
recelves electromagnetic radiation and 1ncludes a

dielectric substrate. First and second spirals on a

first surface of the substrate radiate the

electromagnetic radiation. A third spiral is utilized on

a second surface of the substrate and 1s substantially

P

underneath one of the first and second spirals.

According to another aspect of the present invention

there 1s provided a multiple frequency band antenna for
recelving electromagnetic radiation signals, comprising:
a dielectric substrate;

e

first and second spirals on a first surface of said

substrate for radiating sald electromagnetic radiation

signals; and

a third spiral on a second surface of said

substrate, said third spiral being substantially

underneath one of said first and second spirals so as to

—

at least partially cover at least one of said first and

second spilirals.

According to vyet another aspect o©of the present

invention there 1s provided a multiple frequency bkand
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2a

antenna for receiving electromagnetic radiation signals,
COmMprising:

a dielectric substrate;

r—

first and second spirals on a first surface of said

substrate for radlating said electromagnetic radiation

signals; and

a third spiral on a second surface of gaid

substrate, sald third spiral belng substantially

underneath one of said first and second spirals, said

third spiral having a conductor centerline, said first

and second spilrals being positioned so that said first

splral 1s substantially positioned over the conductor

centerline of said third spiral so as to at 1least
partially cover said third spiral;

sald antenna operating at a predetermined

wavelength, said first, second and third spirals defining

the height above a ground plane, wherein the height above

salid ground plane 1s less than 15 percent of said

predetermined wavelength.

Additional advantages and features of the present

1invention will become apparent from the subsequent

description and the appended claims, taken in conjunction

with the accompanying drawings 1n which:

- - —— " - -
BRIEE D
e . —tr J e o’ -
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SCRIPTION OF THE DRAWINGS

P

FIG. 1 1s a top view of a spiral antenna embodying

the invention;

Fig. 2 1llustrates a bottom wview of the spiral

antenna of FIG. 1;

FIG. 3 1s an exploded 1sometric view of an exemplary
implementation of a multi-band spiral antenna embodying

the i1nvention; and
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2b

FIG. 4 1s a side exploded view of

FIG. 3.

DETATLED DESCRIPTION OF THE PR

L

FERR!

pr—
p—

&

the antenna of

L]

D BEMBODIMENT

FIGS. 1 and 2 1llustrate an exemplary embodiment of

B

a spilra. antenna  50. Spiral antenna 50 1ncludes

conductive material on both sides of a dilelectric

substrate with first and second spirals (60 and 70 as

shown i1in FIG. 1) etched on one sur:

third spiral 80 etched on the

"ace and a single arm
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opposite surface (as shown in FIG. 2). The dielectric

substrate fills in the cavity formed between first/second
spirals (60 and 70) and third spiral 80.

First and second spirals (60 and 70) are positioned so that
first spiral 60 is directly over the conductor centerline of
third spiral 80 while second spiral 70 is centered over the
spiraling gap of third spiral 80. The first and second
spirals (60 and 70) are concentric about each other and are
disposed in a common plane.

Third spiral 80 preferably is of a greater width than the
width of either first or second spiral (60 and 70) . This
greater width allows the winding arm of third spiral 80 to fit
beneath the combined width of the winding arm of first spiral
60 and the gap between the first and second spirals (60 and
70) . Another embodiment includes the width of the winding arm
of third spiral 80 to fit beneath the combined width of the
winding arm of second spiral 70 and the gap between the first
and second spirals (60 and 70).

rirst and second spirals (60 and 70) are preferably 0.020
inches wide with a 0.020 inch gap between them. The leg width
of third spiral 80 is 0.060 inches with a 0.02 inch gap
hetween successive loops. These dimensions are optimal for 2
GHz and 3 GHz operations. The spacing and widths can be
scaled for the frequency of interest. First and second spirals
(60 and 70) are separated from third spiral 80 Dy the
dielectric substrate thickness. Preferably, the thickness of
the dielectric substrate is 0.003 inches or 1less (thickness
values of 0.001, 0.002 and 0.003 inches can also be used).
Thicker values significantly reduce the bandwidths.

Due to the novel approach of the present invention, the
cavity of the spiral legs 1is approximately 3-5% of the
wavelength. Consequently, when the various elements of the
antenna 50 are assembled together, the result 1s a compact
spiral antenna which has multioctave bandwidth capability.
Moreover, it allows isolation between concentric spirals.

The third spiral 80 was conductively connected by way of a
first pad 62a with a via to either a second or third pad (64a

e+ e Ak 4 k8 S A AAS Vs LAy A Sy o 8
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and 66a) on the same surface as first and second spirals (60
and 70) .

Tuning to reduce axial ratio is accomplished by placing a
capacitor or inductor between the pads (62a, 64a, and 66a) and
the ground plane pads (62b, 64b, and 66b). The ends (72 and
74) of the spiral legs are terminated with resistors and may
also be terminated with either an inductor in series or a
capacitor in parallel with the resistors. A grounding annulus
76 1s provided around the spirals for attaching the

terminating components.

FIGS. 3 and 4 1illustrate an exemplary implementation of

spiral antenna 50 which embodies the invention. The spiral
antenna 50 employs filters to pass the band of one spiral and
reject the band of other spirals. When isolation is not

required, the filter is omitted.

FIG. 3 1s an exploded isometric view of the antenna
elements, which are sandwiched between an antenna housing
structure 102 and a radome 104. Within the antenna housing
structure 102 1s cavity 103 and ground plane 140. FIG. 4 is a
side exploded view of the elements of FIG. 3.

With reference to FIG. 4, spirals 60, 70 and 80 are defined
as copper conductor patterns etched from a copper layer on a
dielectric substrate 106. First and second spirals (60 and
70) exist in plane 105, and third spiral 80 exists in plane
107. Third spiral 80 notably is used to control the electric
field within antenna 50 and to direct the energy away from
antenna 50 in the direction designated by arrow 111.

In this embodiment, substrate 106 is bonded by bonding film
108 to an exposed surface of another dielectric substrate 110.

A ground ring 112 1s defined on the opposite surface of the
substrate 110.

A circular slab of foam 116 is bonded to ground ring 112 by
bonding film 114. Surrounding slab 116 1is a conductive
isolation ring 120. A surface of a dielectric absorber slab
structure 128 is bonded to the foam 116 by bonding film 118.
The opposite surface of the absorber 128 is bonded by bonding
film 130 to a ground plane 132 defined on a surface of
substrate 134. The balun and filter circuits 135 are defined
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on the opposite surface of the substrate 134. An exposed
surface of a dielectric substrate 138 is bonded to the surface
of the circuits 135 by bonding film 136. Another ground plane
140 is defined on the opposite side of the substrate 138.

More filters and baluns can be added if more spirals are
needed for multiple frequency bands.

The substrate material that exists between planes 105 and
107 of spiral antenna 50 is a low dielectric material. The
low dielectric material in the preferred embodiment includes
polyflon from one to three mil thickness which 1s available
from such sources as the Polyflon company.

The next layer is a higher dielectric to increase the phase
delay of any energy passing to the ground plane 140. A
dielectric constant of approximately thirty was used. This 1s
backed by a conductive surface which forms the reflective
bottom of the cavity. The short coaxial feeds from the baluns
traverse the two intermediate layers to reach the two spirals
on the surface where they are attached.

Exemplary coaxial cable and termination resistor circults
(122a and 122b) are illustrated, for connection between
termination pads connected to spiral arms on plane 105 and the
ground plane 140.

Element 126a illustrates a coaxial feed connector for
connection to the filter/balun circuits 135. Connector 1l26a 1is
for feeding spiral anteﬁna 50.

It will be appreciated by those skilled in the art that
various changes and modifications may be made to the
embodiments discussed in the specification without departing
from the spirit and scope of the invention as defined by the

appended claims.




10

15

20

25

30

CA 02292635 2001-10-16

What 1s Claimed 1is:

1. A multiple frequency band antenna for receiving
electromagnetic radlation signals, comprising:

a dielectric substrate;

first and second spilrals on a first surface of said

R—

substrate for radiating said electromagnetic radiation

signals; and

a third spiral on a second surface of said

substrate, said thixrd splral being substantially

#

underneath one of said first and second spirals.

)

2. The antenna of CClaim 1 wherein sailid antenna

operates at a predetermined wavelength, said first,

second and third spirals defining the height above a

ground plane, wherein the height above said ground plane

1s less than 15 percent of said predetermined wavelength.

*
e

3. The antenna of CClaim 2 wherein said antenna

operates at a predetermined wavelength, said first,

second and third spirals defining the height above a

ground plane, wherein the height above said ground plane

pr—

1s less than 6 percent of said predetermined wavelength.

pr—

4 . The antenna of Claim 1 wherein sai1d antenna

operates at a predetermined wavelength, said first,

rq
p—

second and third spirals being disposed 1n a cavity of

| S

sald antenna, said first, second and third spirals

defining the height of said cavity, wherein the height of

ﬁ-

salid cavity 1s less than 15 percent of said predetermined

wavelength.

5. The antenna of Claim 1 wherein gailid antenna

operates at a predetermined wavelength, said first,
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second and third spirals being disposed in a cavity of

said antenna, said first, second and third spirals,

pr—

defining the height of saild cavity, wherein the height of

sald cavity 1s less than 6 percent of said predetermined

wavelength.

6. The antenna of Claim 1 wherein said third

spiral has a conductor centerline, wherein said first and

second spilrals are positioned so that said first spiral

1s substantially positioned over the conductor centerline

#

of said third spiral.

7 . The antenna of Claim 6 wherein said third
spiral 1ncludes a spiraling gap, said second spiral 1is
substantially positioned over the spiraling gap in said
third spiral

P

8 . The antenna of Claim 7 wherein the width of

n

sald first and second spirals substantially matches the

width of said spiraling gap of said third spiral.

9. The antenna of Claim 1 wherein saild first and
second splrals are concentric about each other and are

disposed 1n a common plane.

10. The antenna of Claim 1 wherein said spirals

contain copper conductor patterns etched from a copper

layer on said substrate.

.

11. A multiple frequency band antenna for receiving
electromagnetic radiation signals, comprising:

a dielectric substrate;
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N

first and second spirals on a first surface of said

substrate for radiating said electromagnetic radiation

signals; and

a third spiral on a second surface of said
substrate, said third spiral being substantially
underneath one of said first and second spirals so as to

—

at least partially cover at least one of said first and

second gsplrals.

—

12. The antenna of Claim 11, wherein gaild antenna

operates at a predetermined wavelength, said first,

second and third spirals defining the height above a
ground plane, wherein the height above said ground plane
1s less than 15 percent of said predetermined wavelength.

ﬁ
o

13. The antenna of Claim 12 wherein ssailid antenna

operates at a predetermined wavelength, said first,

second and third spilrals defining the height above a

ground plane, wherein the height above salid ground plane

1s less than 6 percent of said predetermined wavelength.

#
prer

14 . The antenna of Claim 11 wherein sai1d antenna

operates at a predetermined wavelength, said first,

second and third spilirals beling disposed in a cavity of

said antenna, said first, second and third spirals

defining the height of said cavity, wherein the height of

gi—

sald cavity 1s less than 15 percent of said predetermined

wavelength.
15. The antenna of Claim 11 wherein gaid antenna
operates at a predetermined wavelength, said first,

I

second and third spirals being disposed 1in a cavity o:

said antenna, salid first, second and third spirals
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defining the height of said cavity, wherein the height of

P

sald cavity 1s less than 6 percent of said predetermined

wavelength.

y—

16. The antenna of Claim 11 wherein sailid third

spiral has a conductor centerline, wherein said first and

second spilrals are positioned so that said first spiral
1s substantially positioned over the conductor centerline
of said third spiral.

P

17. The antenna of Claim 16 wherein said third

splral 1ncludes a splraling gap, said second spiral 1is
substantlally positioned over the spiraling gap in said

third spiral.

pr—

18. The antenna of Claim 17 wherein the width of

I

sald first and second spirals substantially matches the

ﬁ

width of said spiraling gap of said third spiral.

pr—

19. The antenna of Claim 11 wherelin said first and

second splrals are concentric about each other and are

disposed 1n a common plane.

P

20. The antenna of any one of Claims 11 to 19

wherein sald spilrals contaln copper conductor patterns

etched from a copper layer on said substrate.

r— —
-

21. The antenna of any one of Claims 11 to 19

further comprising:

a balun and filter cilrcuit connected tTo said ftirst

_ 2

and second gpilrals for removing a predetermined freguency

from sailid electromagnetic radilation signals.
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10

P 1)

22. The antenna of any one o¢f Claims 11 to 19

further comprising:

a capacltor connected to said spirals for performing

tuning.

23. The antenna of any one of Claims 11 to 19

further comprising:

an 1nductor connected to said spilrals for performing

tuning.

24. A multiple frequency band antenna for receiving
electromagnetic radiation signals, comprising:
a dielectric substrate;

p—

first and second spirals on a first surface of said

substrate for radiliating said electromagnetic radiation

signals; and

a third spiral on a second surface of said

substrate, sald third spiral belng substantially

p—

underneath one of said first and second spirals, said

third spiral having a conductor centerline, said first

and second spilrals beling positioned so that said first

spiral 1s substantially positioned over the conductor

centerline of salid third spiral so as to at least
partially cover said third spiral;

said antenna operating at a predetermined

wavelength, said first, second and third spirals defining

the height above a ground plane, wherein the height above

yo—
Proed

sald ground plane 1s less than 15 percent of said

predetermined wavelength.

pr—

25. The antenna of Claim 24 wherein salid antenna

operates at a predetermined wavelength, said first,

second and third spirals being disposed in a cavity of
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and third spirals

sald antenna, said first, second

o~
—

defining the height of said cavity, wherein the height of

sald cavity 1s less than 6 percent of said predetermined

wavelength.

26, The antenna of Claim 24 wherein said third

spiral 1includes a spiraling gap, sald second spiral 1is

substantially positioned over the spiraling gap 1in said

third spiral.

10

ﬁ

- Claim 26 wherein the width of

27. The antenna o:
first and second spilrals substantially matches the

sald

width of said spiraling gap of said third spiral.

first and

15 28 . The antenna of Claim 24 wherein said

second spirals are concentric about each other

and are disposed 1n a common plane.

29. The antenna of Claim 24 further comprising:

for performing

20 a capaclitor connected to saild spirals

tuning.
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