EP 1612 885 Al

Européisches Patentamt
European Patent Office

(19) p)

Office européen des brevets

(11) EP 1612 885 A1l

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
04.01.2006 Bulletin 2006/01

(21) Application number: 04103147.7

(22) Date of filing: 02.07.2004

(51) IntCl.:
HO1Q 1/27 00s01)

(84) Designated Contracting States:
ATBEBG CHCY CZDE DK EE ES FI FR GB GR
HU IE IT LI LU MC NL PL PT RO SE SI SK TR
Designated Extension States:
AL HRLT LV MK

(71) Applicant: ETA SA Manufacture Horlogére Suisse
2540 Grenchen (CH)

(72) Inventor: Bisig, Martin
4528 Zuchwil (CH)

(74) Representative: Vigand, Philippe et al
ICB,
Ingénieurs Conseils en Brevets SA,
Rue des Sors 7
2074 Marin (CH)
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(57)  The invention relates to a wireless instrument
(1) including a wristband (2) having two band portions
(2a, 2b) connected to opposite edges of a casing (3),
each band portion having upper and lower surfaces
(21,22). At least one single loop antenna (4a) is embed-
ded in one band portion and extends between the corre-
sponding upper and lower surfaces. This single loop an-
tennais connected via feeding lines (7) through one edge
ofthe casing to an antennareceiver (5). The loop antenna
and the feeding lines define a radiating element, wherein
the feeding lines are arranged so as to be a negligible
part of this antenna radiating element.
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Description

FIELD OF THE INVENTION

[0001] Theinvention relates to a wrist-carried wireless
instrument for receiving signal in the radio frequency
range, and more particularly, to a wristwatch receiver
having magnetic loop antennas embedded in the wrist-
band. In the following specification, loop antenna has to
be understood as one single loop conductor lying sub-
stantially in the same plane, the frequency of operation
of which is normally such as to give a substantially uni-
form current along the conductor.

BACKGROUND OF THE INVENTION

[0002] In recent years, such wireless instruments for
receiving radio frequency signals with an antenna system
embedded in the wristband have become common. Many
prior art solutions disclose an antenna device having a
circumferentially variable size, embedded in awristband,
for use with a radio that is worn on the arm of a person.
By doing this, the antenna can be made long enough to
receive frequency signals beyond the VHF band (30-300
MHz). As shown on Figure 3, loop antenna 101 can be
formed in a unitary fashion inside wristband 102, which
is connected to casing 103 of wrist-carried wireless in-
strument 100 to form a continuous loop via a center fas-
tening structure 104, forexample a clasp, of the wristband
when the band is fastened.

[0003] However, in such arrangements the loop con-
nection at center fastening structure 104 significantly in-
fluences reception. Consequently it is difficult to design
a mechanism that provides favourable operation, as this
part is prone to break down. In addition, wristband 102
typically contains a wristband adjusting structure to ad-
just the length of the wristband to the thickness of the
wearer's arm. This adjustment causes the antenna’s loop
length to vary from wearer to wearer, which causes var-
iations in the receivable frequency band from one wearer
to another.

[0004] A solution consisting in providing wireless in-
strument 100 with an additional apparatus for compen-
sating changesin antennagain and resonance frequency
resulting from changes in the antenna’s loop length, is
complex and bulky, which is not desirable in such wire-
less instruments.

[0005] According to the US document No. 5,986,566,
it is disclosed a solution, shown on Figure 4, to prevent
connection failure and / or breakdown due to attachment
or detachment of a loop antenna, of the afore cited type,
and to provide a wrist-carried wireless instrument whose
receivable frequency band is not affected by the thick-
ness of the wearer’s arm.

[0006] Wrist-carried wireless instrument 110 includes
a casing 113 and a center fastening-type wristband 112.
Wristband 112 has upper 121 and lower 122 surfaces
and a fastening structure 114 at its center and consists
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of a pair of wristband parts 112a and 112b, each of which
is attached to an end of casing 113. A receiving antenna
111 is mounted inside in at least one part 112a of the
wristband to receive signals, antenna 111 being connect-
ed via terminals to a known reception circuit inside casing
113. According to this document, loop antenna 111 ex-
tends between upper 121 and lower 122 surfaces of wrist-
band 112 and does not go through center fastening struc-
ture 114. Itis to be noted that reception would be possible
without having wristband 112 attached and forming a
loop, as it does when worn.

[0007] Figure 5 shows a sectional view of a portion of
wrist-carried wireless instrument 110 according to the
prior art shown on Figure 4. The same elements between
Figures 4 and 5 are identified with the same numerical
references. U-shaped antenna 111 is embedded in one
part 112a of the wristband and is connected through cas-
ing 113to an antennareceiver, not explicitly represented,
located on a reception circuit substrate 114, via feeding
lines for conveying received signals from the antenna to
the antenna receiver. In this example the feeding lines
are formed by terminals 115 soldered at the ends of
U-shaped antenna 111 to provide connection with con-
tact pins 116 who press on terminal springs 117 molded
on substrate 114.

[0008] Insuchsmallantennas, the radiation resistance
is very small compared to ohmic and dielectric or perme-
ability antenna losses caused by electric conductors, di-
electric or magnetic materials used in the wireless instru-
ment. Therefore, the antenna gainis predominantly given
by antenna losses. Because loss of the antenna com-
pared to radiation resistance is very high, the loop an-
tenna geometry has to be carefully chosen with a maxi-
mum radiating surface and minimum antenna losses.
[0009] Nevertheless within the scope of the present
invention, measures done on the antenna structure ac-
cording to the US document No. 5,986,566 have shown
up non-optimum antenna efficiency due to non-negligible
losses. As a matter of fact, the antenna radiating element
of the antenna structure, as shown on Figure 5, includes
not only U-shaped loop 111 inside the wristband part but
also feeding lines 115, 116 and 117 connecting the loop
antenna to the antenna receiver inside casing 113. Fur-
thermore, when wireless instrument 110 is worn on the
user’s arm, the U-shaped loop and the feeding lines are
nearly right-angled as shown on Figure 6. Resulting ra-
diating surface RS1+RS2 of the antenna radiating ele-
ment (U-shaped loop and feeding lines), referenced B
as a whole, is in a plane P, parallel to hypotenuse h of
the right triangle formed by the U-shaped loop and the
feeding lines and corresponds to the sum of both radiat-
ing surface projections RS1 and RS2 related to the con-
tribution of each part of the radiating element in the afore-
mentioned plane P,,. Thus, although resulting radiating
surface RS1+RS2increases slightly, in the meantime an-
tennalosses increase significantly because they depend
on the antenna inductance which increases with the total
length of the radiating element, and then overall antenna
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efficiency is significantly reduced.

[0010] Alternative solutions that would consist in re-
placing the U-shaped antenna with a multi-loop antenna,
is not desirable because manufacturing process of such
multi-turn antennas is more difficult.

[0011] Itis then an object of the present invention, to
optimise geometry of the wristband embedded antenna
to obtain a good compromise between the size of the
radiating surface and antenna losses.

SUMMARY OF THE INVENTION

[0012] The goal of the present invention is to provide
a wrist-carried wireless instrument for receiving radio fre-
quency signals with optimised antenna efficiency. For
that purpose, the wireless instrument includes a wrist-
band having first and second band portions connected
to opposite edges of a casing, each of the firstand second
band portions having upper and lower surfaces. At least
one single loop antennais embedded in one band portion
of the wristband and extends between the corresponding
upper and lower surfaces. This loop antenna is connect-
ed via feeding lines through one edge of the casing to an
antenna receiver inside the casing. The loop antenna
and the feeding lines define an antenna radiating ele-
ment.

[0013] In order to achieve the above mentioned goal,
the antenna structure is designed with feeding lines hav-
ing negligible influence as a part of the antenna radiating
element, the latter being mostly defined by the loop an-
tenna and then being substantially in a same plane par-
allel to the one defined by the loop antenna.

[0014] Forthatpurpose, the feeding lines are arranged
S0 as to be a negligible part of the antenna radiating el-
ement. According to a preferred embodiment of the
present invention, the feeding lines define a first gap at
connection locations with the loop antenna, with a gap’s
width being less than 30% of the maximum width of the
loop antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing and additional objects, features
and advantages of the present invention will be more
readily apparent from the following detailed description
of a preferred embodiment, as illustrated in the accom-
panying drawings, in which:

Figure 1 is a horizontal cross-sectional view of the
wrist-carried wireless instrument according to a pre-
ferred embodiment of the invention;

Figure 1A is a vertical cross-sectional view of the
wrist-carried wireless instrument shown in Figure 1;
Figure 2is a schematic representation of the antenna
radiating surface of an antenna according to the pre-
ferred embodiment shown in relation with Figures
1-1A;

Figure 3, already described, is a perspective view of
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a prior art wrist watch-style pager;

Figure 4, already described, is a perspective view of
another prior art wrist watch-style pager;

Figure 5, already described, is a sectional view of a
portion of the wrist watch-style pager shown in Figure
4;

Figure 6, is a schematic representation of the anten-
na radiating surface of an antenna according to the
prior art disclosed in relation with Figures 4 and 5.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0016] As already mentioned herein before, the
present invention concerns wrist-carried wireless instru-
ment for receiving radio frequency signals, inthe frequen-
cy band from 30 to 300 MHz and preferably in the fre-
quency band from 88 to 108 MHz using the radio data
transmission system. The invention more particularly re-
lates to an antenna structure having optimised antenna
efficiency, and in particular, an optimised geometry in
order to obtain a good compromise between, on the one
hand, the antenna radiating surface, and on the other
hand, the antenna losses.

[0017] Referring first to Figure 1, a cross-sectional
view of a wrist-carried wireless instrument is shown ac-
cording to a preferred embodiment of the invention. Wire-
less instrument 1 comprises a wristband 2 having a first
2aand a second 2b band portions connected to opposite
edges of a casing 3, each band portion having upper and
lower surfaces (21 and 22, see Figure 1A). At least a first
single loop antenna 4ais embedded in one band portions
2a and extends between corresponding upper 21 and
lower 22 surfaces, as shown on Figure 1A. Advanta-
geously, the wireless instrument is provided with two sin-
gle loop antennas 4a and 4b, each being embedded in
one band portion 2a and 2b and extending between the
corresponding upper and lower surfaces. For sake of
clarity, the following description will be referring only to
the "one loop antenna" embodiment, however, this
should be understood as also applicable to the "two loop
antennas" embodiment.

[0018] Loop antenna 4ais connected via feeding lines
7, through one edge of casing 3 to an antenna receiver
5 arranged on a printed circuit board 6 in said casing 3.
In order to insure tightness of the casing, one possible
solution is disclosed in the document EP 03020024.0
filed in the name of the same Assignee and enclosed
herewith by way of reference. Additional elements, such
as tuning circuits, interconnection circuits between ele-
ments on printed circuit board 6 are not directly related
to the present invention and therefore are neither repre-
sented nor detailed here for sake of simplicity.

[0019] Within the frame of the present invention, it has
been shown that the radiating element of the antenna
structure includes not only loop antenna 4a but also to a
certain extend feeding lines 7 connecting the loop anten-
na to the inside of casing 3. Therefore, the antenna ra-
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diating surface has to be considered in view of the radi-
ating element of the antenna including both loop antenna
4a and feeding lines 7.

[0020] In orderto reduce antenna losses without loos-
ing a significant amount of effective radiating surface and
in view of the above, the antenna structure is designed
with feeding lines 7 having a negligible influence as a
part of the antenna radiating element, the latter being
mostly defined by the loop antenna, and then being sub-
stantially in a same first plane parallel to the one defined
by the loop antenna. For that purpose, the antenna struc-
ture is provided with feeding lines 7 defining a gap 8 hav-
ing a defined width wg at connection locations 9 with loop
antenna 4a.

[0021] The ratio of the gap’s width over the maximum
width of the loop has to be carefully chosen in order to
optimise antenna efficiency. This ratio is dependent in
particular on dielectric constant of strap material, loop
dimensions and performance degradation due to the tun-
ing network and the antenna receiver.

[0022] Thus, according to a first example, the gap’s
width wg is less than 30% of the maximum width W, of
the loop antenna. As a matter of fact, this gap decouples
the feeding lines as a part of the antenna radiating ele-
ment and then the feeding lines influence on antenna
losses lessen. Preferably for nearly completely eliminat-
ing the influence of the feeding lines on the antenna loss-
es, according to a second example, the gap’s width is
less than 10% of said first maximum width of the loop
antenna. The influence of the feeding lines will be repre-
sented latter in accordance with this advantageous so-
lution in relation with Figure 2.

[0023] In order to further reduce influence of the feed-
ing lines as a part of the antenna radiating element, both
feeding lines 7 are parallel from connection locations 9
to connections10 with printer circuit board 6. It is also
preferable that the length of these feeding lines does not
exceed 30% of the length L of the loop antenna.
[0024] Figure 2 is a schematic representation of the
resulting radiating surface when the wireless instrument
is carried on the wrist as itis intended for. In this example,
gap’s width wg is very thin (less than 10%) compared to
maximum width W, of loop antenna 4a. As shown, radi-
ating surface RSy, projection of feeding lines 7 is negli-
gible in comparison with radiating surface RS, projection
of the loop. Thus, the resulting radiating surface can be
considered as being in a same plane P substantially
parallel to the one defined by loop antenna 4a. Therefore,
it can be deduced that feeding lines 7 do not participate
as a part of the antenna radiating element, which is then
mostly defined, by the loop antenna.

[0025] In conclusion, although resulting radiating sur-
face RS, does not increase, in the meantime antenna
losses do not increase as well, because they depend on
the antenna inductance which remains quasi constant,
the length of the radiating element being not lengthen,
therefore the antenna efficiency is significantly opti-
mised.
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[0026] Itis to be noted that in the alternative with two
loop antennas, each one being embedded in one band
portion, preferably, both loop antennas are symmetrical,
and both gaps between feeding lines have substantially
the same width.

[0027] Itis also to be noted that each single loop an-
tenna is preferably rectangular shaped or so-called
opened O-shaped These antennas are designed to op-
erate preferably in the frequency band from 88 to 108
MHz using the radio data transmission system.

[0028] Itis further to be noted that the wireless instru-
ment is preferably a wristwatch.

[0029] Finally, it is understood that the above de-
scribed embodiments are merely illustrative of the many
possible specific embodiments, which can represent
principles of the present invention. Numerous and varied
other arrangements can readily be devised in accord-
ance with these principles by those skilled in the art with-
out departing from the scope and spirit of the invention.

Claims

1. A wireless instrument (1) including a wristband (2)
having first (2a) and second (2b) band portions con-
nected to opposite edges of a casing (3), each of
saidfirstand second band portions having upper (21)
and lower (22) surfaces, at least a first single loop
antenna (4a) being embedded in said first band por-
tion and extending between said corresponding up-
per and lower surfaces, said first single loop antenna
being connected via first feeding lines (7) through
one edge of said casing to an antenna receiver (5)
inside said casing, said first single loop antenna and
said first feeding lines defining a first radiating ele-
ment, wherein said first feeding lines are arranged
so as to be a negligible part of said antenna radiating
element.

2. The wireless instrument according to claim 1, in
which said first single loop antenna has a first max-
imum width (W, ), and wherein said first feeding lines
define a first gap (8) at connection locations (9) with
said first single loop antenna, with a first gap’s width
(wg) being less than 30% of said first maximum
width.

3. Thewirelessinstrumentaccording to claim 2, where-
in said first gap’s width is less than 10% of said first
maximum width.

4. The wireless instrument according to claim 3, in
which said first loop antenna have a first determined
length (L) and wherein said feeding lines have a
length which is less than 30% of said first determined
length.

5. The wireless instrument according to any of claims
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2 to 4, wherein a second single loop antenna (4b)
having a second maximum width, is embedded in
said second band portion, and extend between said
corresponding upper and lower surfaces, said sec-
ond single loop antenna being connected viasecond 5
feeding lines through the opposite edge of said cas-

ing to said antenna receiver, and wherein said sec-
ond feeding lines define a second gap at connection
locations with said second single loop antenna, with
asecond gap’s width being less than 30%, preferably 10
10%, of the second maximum width.

The wireless instrumentaccording to claim 5, where-
in both single loop antennas are symmetrical, both
gaps have substantially the same width. 15
The wireless instrument according to any of the pre-

ceding claims, wherein each single loop antenna is

rectangular or opened O shaped.
20

The wireless instrument according to any preceding
claims, wherein the antenna operates in the frequen-
cy band from 88 to 108 MHz.
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