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(54) Interconnection circuit between two loop antennas embedded in a wristband of a wrist-carried 
wireless instrument

(57) The invention relates to a wireless instrument
(1) comprising a wristband (2) having a first (2a) and a
second (2b) band portions connected to opposite edges
of a casing (3), each of the first and second band portions
having upper and lower surfaces. A first (4a) and a sec-
ond (4b) loop antennas are embedded respectively in
the first and second band portions and extend between

the corresponding upper and lower surfaces, both loop
antennas being connected through the opposite edges
of the casing to a first (5a) and a second (5b) tuning cir-
cuits, the first and second tuning circuits are connected
to an antenna receiver (6) arranged in said casing and
together in a hybrid manner via an interconnection circuit
(7), both tuning circuits being connected partially in par-
allel and partially in series.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a wrist-carried wireless
instrument, and more particularly, to a wristwatch receiv-
er having magnetic loop antennas embedded in the wrist-
band. In the following specification, a 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 a wristband,
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, the loop antenna 101 can
be formed in a unitary fashion inside the wristband 102,
which is connected to the casing 103 of the wrist-carried
wireless instrument 100 to form a continuous loop via a
center fastening structure 104, for example a clasp, of
the wristband when the band is fastened.
[0003] However, in such arrangements the loop con-
nection at the center fastening structure 104 significantly
influences reception. Consequently it is difficult to design
a mechanism that provides favourable operation, as this
part is prone to break down. In addition, the wristband
102 typically contains a wristband adjusting structure to
adjust 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 the wireless
instrument 100 with an additional apparatus for compen-
sating changes in antenna gain 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] The wrist-carried wireless instrument 110 in-
cludes a casing 113, a center fastening-type wristband
112. The wristband 112 has upper 121 and lower 122
surfaces and a fastening structure 114 at its center and
consists of a pair of wristband parts 112a and 112b, each

of which is attached to an end of the casing 113. A re-
ceiving antenna 111 is mounted inside in at least one
part 112a of the wristband to receive signals, the antenna
111 being connected via terminals to a reception circuit
inside the casing 113. According to this document, the
loop antenna 111 extends between the upper 121 and
lower 122 surfaces of the wristband 112 and does not go
through the center fastening structure 114. It is to be not-
ed that reception would be possible without having the
wristband 112 attached and forming a loop, as it does
when worn.
[0007] Nevertheless, the solution according to the US
document No. 5,986,566 has some drawbacks. Meas-
ures done on the antenna structure described hereinbe-
fore show non-optimum antenna efficiency as well as
non-optimum noise matching. A non-negligible part of
the antenna losses is due to the human wrist interfering
with the antenna and also due to the dielectric material
of the wristband. Antenna efficiency improvements can
be achieved by reducing the ratio of the antenna losses
over the antenna radiation resistance. Therefore, anten-
na efficiency can be improved either by reducing the an-
tenna losses or by increasing the antenna radiation re-
sistance.
[0008] It is then an object of the present invention to
improve antenna efficiency by reducing ohmic and die-
lectric losses of the antenna and increasing the antenna
radiation resistance.

SUMMARY OF THE INVENTION

[0009] The main object of the present invention is to
realize a wrist-carried wireless instrument for receiving
radio frequency signals having two loop antennas mount-
ed inside the wristband, these antennas having improved
antenna efficiency. On the one hand, reducing impact of
the antenna losses can be achieved by connecting both
loop antennas in parallel and, on the other hand, increas-
ing the antenna radiation resistance can be achieved by
connecting both loop antennas in series.
[0010] In order to achieve the above main object, ac-
cording to a preferred embodiment of the invention, the
wireless instrument comprises a wristband having a first
and a second band portions connected to opposite edges
of a casing, each of said first and second band portions
having upper and lower surfaces. A first and a second
loop antennas are embedded respectively in said first
and second band portions and extend between said cor-
responding upper and lower surfaces. Both loop anten-
nas are connected through said opposite edges of said
casing to a first and a second tuning circuits, wherein
said first and second tuning circuits are connected to an
antenna receiver arranged in said casing and together
in a hybrid manner via an interconnection circuit, both
tuning circuits being connected partially in parallel and
partially in series.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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 cross-sectional view of the wrist-carried
wireless instrument according to a preferred embod-
iment of the invention;
Figure 2 is a schematic of the antenna circuits inside
the casing of the wireless instrument according to a
preferred embodiment of the invention;
Figure 3, already described, is a perspective view of
a prior art wrist watch-style pager;
Figure 4, already described, is a perspective view of
another prior art wrist watch-style pager.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0012] As already mentioned herein before, the
present invention concerns wrist-carried wireless instru-
ment for receiving radio frequency signals, in the 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.
[0013] Referring first to Figure 1, a cross-sectional
view of a wrist-carried wireless instrument is shown.
Wireless instrument 1 comprises a wristband 2 having a
first 2a and a second 2b band portions connected to op-
posite edges of a casing 3, each band portion having
upper and lower surfaces. A first 4a and a second 4b
loop antennas are embedded respectively in the first and
second band portions 2a and 2b and extend between the
corresponding upper and lower surfaces. Both loop an-
tennas 4a and 4b are connected through the opposite
edges of casing 3 respectively to a first 5a and second
5b tuning circuits. Both tuning circuits are connected to
an antenna receiver 6 arranged in said casing 3. Addi-
tionally both tuning circuits are connected together in a
hybrid manner via an interconnection circuit 7 which will
be more detailed with regards of Figure 2.
[0014] Figure 2 shows a schematic of the antenna cir-
cuits inside the casing of the wireless instrument accord-
ing to a preferred embodiment of the invention. The nu-
merical references have been kept unchanged for the
common elements with Figure 1.
[0015] Both loop antennas 4a and 4b, schematically
represented here in the form of coils, are connected to
antenna receiver 6 via both tuning circuits 5a and 5b.
Further, an interconnection circuit 7 is provided for inter-
connecting both tuning circuits 5a and 5b and then both
loop antennas 4a and 4b.
[0016] As already mentioned herein before, a goal of

the present invention is to optimise antenna efficiency.
To achieve this goal, it is important to reduce the ratio of
the antenna losses over the radiation resistance, and
therefore to reduce the antenna losses and to increase
the radiation resistance. It has been shown in relation
with the present invention that reduction of the ohmic and
dielectric losses of the antennas can be achieved by con-
necting both loop antennas 4a et 4b in parallel. With such
a parallel connection of both loop antennas, the losses
are reduced by approximately 50%, while the radiation
resistance is kept on a level of a single loop antenna. It
has been also shown in relation with the present invention
that increase of the radiation resistance can be achieved
by connecting both loop antennas 4a and 4b in series.
With such a series connection of both loop antennas, the
radiation resistance is increased by a factor four, while
the losses are only increased by a factor of about two or
a little bit more, then reducing the ratio of antenna losses
over radiation resistance by a factor of about two.
[0017] For that purpose, interconnection circuit 7 is de-
signed for interconnecting both tuning circuits 5a and 5b
and then both loop antennas 4a and 4b in a hybrid manner
between these two "extreme" connections, i.e. partially
in parallel and partially in series. According to the pre-
ferred embodiment shown on Figure 2, interconnection
circuit 7 is a capacitor network comprising a first CP1 and
a second CP2 capacitors connecting respectively both
tuning circuits 5a and 5b partially in parallel, and a third
capacitor CS connecting both tuning circuits 5a and 5b
partially in series.
[0018] According to the shown example, each loop an-
tenna, respectively 4a and 4b, is connected to the cor-
responding tuning circuit, respectively 5a and 5b, at two
connecting points, respectively 8a, 9a and 8b, 9b. First
capacitor CP1 is connected to connecting point 8a on one
side and to connecting point 8b on the other side. Second
capacitor CP2 is connected to connecting point 9a on one
side and to connecting point 9b on the other side. Both
tuning circuits 5a and 5b are then connected partially in
parallel via both capacitors CP1 and CP2. Third capacitor
CS is connected to connecting point 8b on one side and
to connecting point 9a on the other side. Both circuits are
then connected partially in series via third capacitor CS.
Lastly, antenna receiver 6 is connected to connecting
points 8a and 9b.
[0019] It is understood, that in an alternative way the
same result can be obtained with third capacitor CS being
connected to connecting points 8a and 9b, and with an-
tenna receiver 6 being connected to connecting points
8b and 9a.
[0020] With this hybrid connection, both loop antennas
are then connected partially in parallel and partially in
series, which allow the ratio of antenna losses over ra-
diation resistance to be greatly reduced and antenna ef-
ficiency greatly increased.
[0021] In order to further increase antenna efficiency,
it is important to take care about the tuning circuit com-
ponents. As a matter of fact, tuning of loop antennas is
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necessary because of the small bandwidth of this type
of antenna. This tuning can be achieved by using varac-
tors.
[0022] According to the preferred embodiment shown
on Figure 2, each antenna tuning circuit, respectively 5a
and 5b, is designed for introducing minimum conductive
losses by connecting varactors in parallel.
[0023] Therefore first tuning circuit 5a includes a ca-
pacitor 52a and a varactor 51 a connected in series and
a resistor 53a connected between capacitor 52a and var-
actor 51a on one side and to a determined potential VA
on the other side. Resistor 53a supplies varactor 51a with
a constant tuning voltage during radio reception, the var-
actor capacitance being changed with this tuning voltage.
Therefore, any particular reception frequency of the an-
tenna requires a different varactor capacitance that is
tuned by this tuning voltage. Voltage VA is determined
by way of conventional means, for example with a binary
search algorithm.
[0024] Second tuning circuit 5b is of the same type as
tuning circuit 5a. It includes a capacitor 52b and a var-
actor 51 b connected in series and a resistor 53b con-
nected between capacitor 52b and varactor 51 b on one
side and to a determined potential VB on the other side.
Resistor 53b supplies varactor 51 b with a constant tuning
voltage during radio reception, the varactor capacitance
being changed with this tuning voltage. Therefore, any
particular reception frequency of the antenna requires a
different varactor capacitance that is tuned by this tuning
voltage. Voltage VB is also determined by way of con-
ventional means, for example with a binary search algo-
rithm.
[0025] As an alternative, each tuning circuit can in-
clude two varactors, instead of one varactor and one ca-
pacitor, connected in series but in opposite polarisation
in order to optimise the behaviour of these tuning circuits.
[0026] To improve large signal response of tuning cir-
cuits 5a and 5b, both varactors 51 a and 51 b are con-
nected in an "anti" parallel way, being then in opposite
polarisation. Even with asymmetry of both tuning circuits,
it is nevertheless a preferred solution because it intro-
duces fewer losses and requires fewer components than
symmetrical tuning circuits that comprise each two var-
actors in series and in opposite polarisation.
[0027] Additionally, tuning circuits 5a and 5b are pref-
erably provided with a capacitor CT for adjusting their
tuning range, which is connected between capacitor 52a
and varactor 51a of first tuning circuit 5a on the one side,
and between varactor 51 b and capacitor 52b of second
tuning circuit 5b on the other side.
[0028] It is to be noted that the loop antennas are pref-
erably rectangular or so-called opened O-shaped. Ad-
vantageously, both loop antennas have the same shape
in order to preserve symmetry. However, it is understood
that any other loop antenna shape can be used as long
as it fits into wristband portions. Both antennas operate
preferably in the frequency band from 88 to 108 MHz
using the radio data transmission system.

[0029] It is also to be noted that the wireless instrument
is preferably a wristwatch.
[0030] 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, in particular of the tuning circuits
and of the interconnection circuit, can readily be devised
in accordance with these principles by those skilled in
the art without departing from the scope and spirit of the
invention.

Claims

1. A wireless instrument (1) comprising

- a wristband (2) having a first (2a) and a second
(2b) band portions connected to opposite edges
of a casing (3), each of said first and second
band portions having upper and lower surfaces,
- a first (4a) and a second (4b) single loop an-
tennas being embedded respectively in said first
and second band portions and extending be-
tween said corresponding upper and lower sur-
faces, both single loop antennas being connect-
ed through said opposite edges of said casing
to a first (5a) and a second (5b) tuning circuits,
wherein
- said first and second tuning circuits are con-
nected to an antenna receiver (6) arranged in
said casing and together in a hybrid manner via
an interconnection circuit (7), both tuning circuits
being connected partially in parallel and partially
in series.

2. The wireless instrument according to claim 1, where-
in said interconnection circuit is a capacitor network
comprising a first (CP1) and a second (CP2) capaci-
tors connecting said first and second tuning circuits
partially in parallel, and a third capacitor (CS) con-
necting said first and second tuning circuits partially
in series.

3. The wireless instrument according to claim 2, where-
in each of said first and second tuning circuits has a
first (8a, 8b) and a second (9a, 9b) connecting points,
wherein said first and second capacitors are respec-
tively connected to said first connecting points and
to said second connecting points of both tuning cir-
cuits, and said third capacitor is connected to said
second connecting point of said first tuning circuit
and to said first connecting point of said second tun-
ing circuit, and wherein said antenna receiver is con-
nected between said first connecting point of said
first tuning circuit and said second connecting point
of said second tuning circuit.
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4. The wireless instrument according to any preceding
claims, wherein each of said first and second tuning
circuits is formed by a capacitor (52a, 52b) and a
varactor (51 a, 51 b) in series and by a resistor (53a,
53b) connected between said capacitor and said var-
actor on one side and to a determined potential (VA,
VB) on the other side.

5. The wireless instrument according to claim 4, where-
in a capacitor (CT) for adjusting tuning range of said
first and second tuning circuits is connected between
said capacitor and said varactor of said first tuning
circuit on the one side and between said varactor
and said capacitor of said second tuning circuit on
the other side.

6. The wireless instrument according to any preceding
claims, wherein both single loop antennas are sub-
stantially rectangular or opened O shaped.

7. The wireless instrument according to any of preced-
ing claims, wherein both single loop antennas oper-
ate in the frequency band from 88 to 108 MHz.

8. The wireless instrument according to any preceding
claims, wherein said wireless instrument is a wrist-
watch.
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