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The invention r2lates o a magnetic a=zrial in accordancs
with the defirmition of the2 specisgs of claim 7.

Such an arrangement is known frowm US5-A4 3,032,657, There,
hasirdes the warkszs, a simplas detector receiver is providad in

the casing of a wristwatech. Hinged in a spring-=2lastic
mannar to the casing is a strap in the form of two curvadly
extending stiff clips which have cavitiss for the reception
of hatteriss or ra2spsctively of a loudspeaksr and a magnetic
aerisl consisting of a ferrite core surroundad by & coil.
The ferrites core is a rigid body which is adapted in a
kidney-shaped manner to thes cross-section of the cavity
geometry, in which respsct the axis of the core and af the
asrisl coil extends transvers=ly to the laongitudinal extent
of the strap clip curve and thus the lesngth of the core is
restricted to its width directed at the watch casing. For
the connection of the aerial coil to the receiver in the
wristwatch casing, a flexible cable extends along the clio
curva across ths hinge therenf into the housing. Such a
design doss not allow a3 flat and flexible wristwatch having a
fune tlonally reliable connection of the aerial coil to the
rzceiver circuit to bhe realised.
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This applies accordingly to the accommodation of a seriss
connection of resonance filters in the watch strap, as is
known from E£EP-A 0 100 &39,

From the Patent Abstracts of Japan, Vol. 7, No. 190
(£-154) [1335] 19.B.1983; & JP-A 58 094204 (DAINI SEIKOSHA
KoK.), 4.6.1883 it is known 'per se' to use a flexibly
layered core for a ferrite aesrial,

On the other hand, the problem underlying the invention
is to develag further an szrial of the type in acccrdance
with the species in such a way that it can be used as a
high-parformance long-wave aerial for radio wristwatches
having flexible straps.

This is because, for the receiver of a radio-controlled
clock, as is described in more detail in EP-4 0 242 717, a
long-wave aerial of sufficient power is n=eded for the
raception of items of time information transmitted hy radio.
The realisation of such a radio-controlled clock as a
wristwatch has hitherto been considered by the experts
already on account of ths space requirement for the
construction of the radio receiver as not being realisable
(see R. Rernbach and M. Lobjinski "Neue Funkuhren aus dem
Institut fur Datentechnik” in FUNKUHREN, published by U,
Hilberg, middle of page 170); 1in which respect there the
difficulty of the accommodation of an adequate magnetic-core
frame-aerial volume for a high-performance long-wave aerial
is not even taken into consideration. The space reguirement
for the receiver is meanwhile solvad, since there are
fixedly-tuned long-wave receivers, integrated on a chip, for
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frame asrial is nat so much tha v af
pen=2trating thz frams coil, as r=z 2 sp !
for the necessary cers valume., I rdanc Tt
solution according to th= invantion, a flexibly held carzs far
a frame aerial is provided, a5 csr 52 realised in known 'par
s2' manner by a laysr=d structure, in which respect nouw,
howevar, mutually disclaceable flz=xinle strips =2Ts realisad
from mild-magnetic matsrials of nigh permeability, such as in
particular amorphous matals in lzaf form. Such a magnetic
aerial is now insertzc ss a strap serial of a radio-
controlled wristwatch into ths flexible watch strap.

For the =2lectrical connz2ction of tha -oil af such s
flexible frame asrisl, advantagecusly a siructure consisting
of multilavyer conductiaon foils honded onto insulating
matarial foils is us=2d, in the c2ntrz2 of wnich thsra extends
a relatively narrow conductor, which sxperi=nces an
electrical shi=lding by wider conduction feils which axtend
thereabove and thersh=2low and which can at the
s2rve as raturn leads aof the asrial cannactio
radio-contrallad clock receiver. Such an e N
tunables flat-band l2ad is advantanzously bondsd raf of
th2 asri=l coil onto tn2 cors, in wnich respsct, in the
cennaction ragion ts the coil scon i wires, a
miniaturised balancing capacitor f . aerial rasonant
circuit can =2quslly s3lsa be apnlisd. The opposits 2nd af the
flat-band lead is eouinoed with plug-in means, which ars
oreferably dirscted appraoximately transvarssly to ths
longitudinsl sxtent and thus transversely to the tractian
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direction of the flat- lead =2ntering into s watch casing
and are fitted togethsr therz with complsmentary plug-in
means for the cannection to the recsiver in the watch casing.
A4 soft =lastic cast-around surround of th2 serial cor2 with
its coil advantageously also encompassazs ths courszs of the
flat-band lead as far as the plug-in means positionsd in the
watch casing, so that a clamp securing af the strap surround
at the entry into thz watch casing at the same time serves
for the mechanical fastening =and the moisture sealing of the
plug-in conn=ctors.



The canacitaence for the gecillatory circuit tuning of the
aerial coill can o= integratsd into the lavered structure, Hy
For example individual layers which are saywasy elactrically
mutually insulated - to avoid eddy current lossss -
being connected togsther as reciorocal elsctrode aroups to
form the capacitzncs and being connscted in perallel with
the azerial coil.

With respect to additional alternatives and furthear
develaopments, reference is made to the further clsims.
Further advantages of the invention will alsoc becomea apparent
from the following description of preferred =2xamplas of
realisation with regard to the solution in accordance with
the invention which are depicted in the drawings along with 3
restriction to that which is essential in an abstracted
manner, in particular enlarged and distorted not
true-to-scale, for the case aof strap asrials which can be
caonnected to 2 wristwatch casing.

Fig. 1 shows in interrupted axial longitudinal s=action
a flexible magnetic aerial in a design as a
radio-caontrolled watech strap,

Fig. 2 shows in highly condensed cross-sectional
rzpresentation a strap aerial in accordance with
Fig. 1 taking into account an aerial flat-band lead
resting on the strip core in front of the frant
end of the coil,

Fig. 3 shows the flat-band lead in accordance with Fig. 2
in interrupted and fragmantary top-vieuw
representation, with the cast-around surround beinag
omitted and with the upper shielding conduction
foil together with the insulating fail arranged
thereunder being omitted and without taking into
account the tuning capacitor mounted in the coil
connection region,

Fig. & shows in fragmentary longitudinal sectional
represantation the clamp fastening of the strap
surround to the edge of a watch casing with plug-in
means, directsd transverssly to the ta2nsile strass
direction, for the 2lectrical connection of the
works receiver to thz2 aerial flat-hand lead,

Fig. 5 shouws in a strap detail a core also flexibly
surrounded transversely to its longitudinal extent
and

Fig. 6 shows a relatively stiff core in the connsction
between flexible strap parts.

An autonomous radio-controlled (wrist) timepiece 11, shown
only symbolically in the drawings of the type explained in
more detail above is equiop=d with s radio receiver 12 for
receiving and decoding items of time information which if
necessary serve for correcting the time currently indicated
by the radio-controlled timepiece 11. The receiver 12 is fed
from an aerial 13 designed as an L-C-oscillatory circuit.
This is constructed as a layered-core frame aerial, thus from
a coil 14 which is penetrated by a flexible caore 15.



I'he core 15 is drrfara“Ty \ 2% an =2longats stack of
ery thim strips 16 of amorphous mildly magﬂeti. nighly

parmeabls materisl, as ave maer under the
trads name aof VITROVAD by Meas GmbH (D-6450
Hanau) as esxtremely tnin and shasts in
particular for the construct "Wsmitters in
switchinmg power supplies and s of pulse
current supplies and wihich 2 low
seznsitivity to mechanicsl st

This core 15 is grinpged transverssly to the surfaca extent
of its strips 146 hy a surcound 17, as symholised in the
drawings by the Stfetching direction triangles. This
surround 17, for sxample designe=d as a plastics sheath
sprayed arcund the core 15, advantagszously also covers the
cail T4, in arder to fix it positionally on the core 15 and
ta protect it m=chanically agasinst environmental 1n?luenc=s.
If tha surround 17 is flexihl=, in aorder to give different
geaometric shapes tpn thes gerisl 13 - for sxample for
installatien in restricted space conditions ar far design as
a strap - tha axisl length 18 of the coil 14 is relatively
restricted, in order to k=22p as small as possible the region
of thz non-pliznt cors 15 which is Sti?feﬂed hy thes applied
coil 14, On the oth=zr hand, a coil 14 which towers radially

as little as possihle above the core 15 is already for
electromagnetic rszasons to be strivan after, because the
field intensity decreases quadratically over the distance
from the core 15, thus further remotely lving winding layers
of the coil 14 exoeriesnce only very slight contributions from
tha field-rzinforcing =2ffect of the core 15. Advantageogusly
the coil 14 is =z2ven introduced imto a core constriction 48,
as is taken into sccount in Fig. 5 and Fig. 6.

wise 1in the inter=zsis of the flsxisility of a stack
y in front of the front =nds, on bath 31033 of the
strips 16, vis-z-vis the surround 17 2nclosing tﬁp__’ a free
space 19 1s left. In this way a lonultuolwal displacement of
individual strips 16 mutually is made possible if the core 15
is curvad shbout its longitudinal axis.

If, instead of this or additionally, flaxibility of the
aarial strap 28 transvarsesly to the longitudinal extent of
the strips 16 is desired, the corz 15 (Fig. 5) consists of
individual or stacksd strips 16 in frontal sequence in front
of onz another, with engagement of convaxly rounded front
znds 49 respectively into concavely adapted joint cavities 50
of th= adjacently adjoining strip 16. The strips 16 (or
thos= thareof situated on the outside) can, however, also he
replaced by a filling 51 of soft-ferrite powder in thes
associated part of the pliant surround 17 in the course of
the strap 28. If it is not so much a matter of flexibility
in the direction of the longitudinal axis, the individual
joint part strios 16 preferably consist of (sintersd)
ferrite.

If a relatively stiff core 15 is afforded, for instance



realissd as a single-layer or multi-laysr ferrits body, *hen
it can fogr aesthetic regasons he advantagszous to fashion it in
its surround 17 gesometrically to a3 certain extent as an
optical counterpart to thz2 watch 11 itself (Fig. 6) a
deaign it in anatomical adsptation to an arm curvad as a ring
sgctor., The connection to the watch 771 is then z2ffect

way af partial straps 2°-2H, which can ba connected to ths
aeriasl core 135 by way of fasteners aor joint members 29
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In order, upon mutual parallel displacement of stacked
strips 16 of a flexibles core 15, to svoid abrasion phenamens
as far as possible, and in order at the same time to reduce
electromagnetic =ddy current lasses in the ferrits core 15,
the individual layers of the strips 16 are separated from one
another mechanically and electrically by interpolated
insulating layers 20, for instance foils or layers aof
varnish,

For this insulation 20 advantageously a flexible material
having a high dielectric constant is used, as is available on
the market for instance as the so-called X7R ceramic for the
construction of small layered capacitaors of high capacitance.
If the core 15 is also to be bent with small radii, current
dielectrics such as mica or foils of polyester or
respectively polycarbonate and the liks are more
advantageous.,

This insulation material can be coated or covered with
electrically conductive electrodes, in order to integrate the
resonance capacitance 21 equally also into the strip-stack
aerial 13 and to connect it electrically within the
protective surround 17, for example by way of welded joints
22, up to the ends of the cogil 14. This reduces tn=
capacitance value and thus the installation space raquirem=nt
of an external tuning capacitor 23, if this cannot =2ven b=
completely dispensed with as a result of thz integrated
re2sanance capacitance 21.

Even the electrically conductive core strips 16 thsms=lvas
can serve as the capacitor electrodes on both sides of
dielectric insulating foils 20, so that the additional
interleaving of saparate capacitor electrodes on hoth sidss
of the insulating foils 20 is superfluous. As is kXnown 'per
se'! from the technology of layered capacitors, thase
electrode strips 16 are, in the interssts of a large
effective glectrode surface and thus of a high capacitancs
value, connected together by turns in such a way with one
another that the result is =lectrode groups 24.1, 24.2
alternately intermeshing in a camb-shaped manner. 0Of thes=,
respectively the external strip 16.1 or 16.2 can s=2rve as
conductor path for the fastening of the coil cannectars 22.1,
22.2 to outwardly leading aerial connections 25.1, 25.2. As
a result of flexible wirings 26.1, 26.2 hetuwesasn thz =lectrods
strips 16 of the electrode groups 24 in thes region aof the
associated free spaces 19.1, 19.2 the r=zciprocal axially
parallel displaceability of the strips 16 mutually upan
bending stress of the ferrite core 15 remains =nsurad.
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The asr of coil 14 with core 15 z2s well
23 possibl itance Z1 can he connscted ov way
of leads 2 ziver 17 clock %1, in ths
casing of a 13 i If it is a
aatter of T an 1 11 and in this
sspect in carti 3 25 a: tuatch, the
Tlexible serial 124 i3, as a rasu: urrvound 17,
sdvantagecusly likswise designed 28, as shouwn in
the drauwings by Jjoint membsrs 29.

These can bs connscted dirsctly -~ or if necsssary by uway
of interpolated =xtension members - to the hornlets of a
wristwatch casing if thesz hornlsts arz mutually eslsctrically
insulated, so that additional connsction lszads (27) are
superflucus,., Howsvsr it is already sufficisnt to dssign one
strap half or an intermediate piece of a strapc 28 as an
aerial 1%3. 1In ordsr to he able to exchange defective straps
28 masily and =conomically, provision can also b2 made for
designing the asrial 132 as or on 3 sheath-shaped flaxible
hollow body, through which the replacement strap 28 is
threaded, without zlso having ta exchange the aerial 13 and
balance the recsiver 12 or its asrial oscillatory circuit

INEW.,.

Thus, a radio-controlled (wrist) timepiece 11 is
realisabl= upon the dimensional shaping or design of which
consideration no laonger has to be shown for installation
space requirement for a receiving aserial 13. Such a layered
aerial designed as = strap 28 or arranged on a strsp yields
an astonishingly high performances, compared with conventional
cylindrical ferrite cores as coil carriers, hecause the
aerial voltage is proportional to the core cross-section and
above 31l to the (hzre very great) perma2ability of the core
material, as well as approximately oroportional to the core
langth and approximatzly inversely proportional to the core
thickness. The cores 15 carrying the coil 14 can, however,
on account of the high permesbility he of small thickness,
with, in the interest of good flexibility of the strap 28,
gr2at axisl lenath of the core 15 in relation to the
magnetically effective thickness of the core strips 16
stackad one on top of the other as such.

Passibly the el=ctrical connection, shown in Fig. 1, of
thz aerial 13 to the receiver 12 by way of strap jaoint
members 29 ‘to the watch casing is, howzver, not sufficiently
reliable, for instance by reasan of movements or deposits of
dirt betuwsen thes joint members. Even freely conducted leads
27 can be aesthetically or electrically disturbing,
gspacially since they have to be equipped with plug-in
connectors faor the connaction to the watch casing, which
along with considerable constructional expenditure would have
to be designed in a moisture-tight manner.

What would be aggravating, in addition to this, would be
the fact that such asrial connection leads 27 betuween the
receiver 12 and the magnetic serial 13 would have to be
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shielded in design, in order to avoid stray interferance

Therefore it is more advantageous to realiss tne
glectrical Tunction of the lesads 27 or rzspectively of ths
contact jeint nembers 292 in accoardance with fig. 2 to Fig. 4

and Fig. 6 by a multi-laver flet-hand lead 3% hslanoed
glectrically to the aeriasl oscillatory circuit, for instance
in the manner of thes backed multi-layer foils as ar=s markestad
for instance by Messrs. DuPont under the trade name of
PYRALUX.,

The canstruction is now, howevear, such that at least one2
narrow conductor 32 is arranged electrically insulated in
sandwich manner betwesn two outer wide conduction fails 33,
These conduction foils 33 project at both longitudinal =2dges
apzroxvmately by the width of the narrow conductor 22 lying
in the centre laterally beyond this, so that ths result is a
good shielding =2ffect of the outer conduction foils 33 for

the conductor 32 lying in the interior. The narrow conductor
32 and the conductian foils 33 are advantagesgusly designed
as metallic facings on insulating plastics carrier foils 34.

In the interests of a connection which is simples to
produce but durable, the entirsty of this layared structure
of the flat-band le2ad 31 in thz region in front of the front
end 35 of the coil is fastened to the surface of the flexible
strip core 15 penetrating the coil 14 by means of an
insulating adhesive layer 36. In this respect, there are
recesses at the connection end 37 (see. Fig. 3) of the
flat-band lead 31 in the upper shielding conduction foil 33!
(omitted for the representation of Fig. 3) and in tha
insulating foil 34" ahbove thz lower conducticon foil 33", in
order to be able to connect here thz coil connection wiraes 22
to the central conductor 32 and to the lower shiszlding foil
33" serving as return lead. If a tuning capacitcr 23 is
necessary for the aerial tuning, it is advantagaously
likewise arrangsd in this connection region b2tw=en the
fiat-band lead 31 and thsz aerial coil 14, for instancs
connected as a surface-assaemhbly chip capacitor canductively
betwueen thes conductor 32 and the caonduction foil 33",

The sprayed-around aerial surround 17 than alsg surrounds
this connection, =2quipped with the capacitor 23, of the
flat-band lead 31 to the aerial coil 14 on ths surfsace of the
flexible aerial coil 15.

In frant of the core 2nd 37 the flat-band lead 31 can, as
taken into account in Fig. 3, first of all in the interests
of high bending stressability emerge with a constant width,
in order then to merge into a more flexurally pliant zone of
a lead constriction 38. This ends finally in a connection
region 39, widened again, with a lead lug 40 in the region of
a conduction-foil recess 41 and a pair of lugs 42 through the
conduction foils 23 on both sides of this recsess 41. Plug-in
means 43 (plug sackets or plug pins) are inserted into th=ss
lugs 40, 42, in order (see Fig. &), in the case of a plug-in



ian transvatsaly to the langitudinal extent of ths
and iead 31, to be ables to be LJnnLLtb' mechanically
2chy glly in the edge region for instarce of s

tatoh cssing 44 to connection conductors b5, kant

:ted tnere, to the radioc-controllsd clack ru ceiver 12.

Pr 2cd for this asrial caonnectinon hy way ot the
flat lead 21 is & casing clamp connsctlon 46 for the
moist tight compress iDn ratention of the elastic
cast-argund surround 17, which with the connection region 329
aof the flat-band lead 31 ends in a connection cavity 47.
Arranged in this in insulated manner ars housing-fast
countar-contacts to the plug-in means 43 in the flat-band
lead lugs 40, 42, Thus the result is a moisture-tight and
mechanically highly stressable =lectrically high-grade aerial
connection to ths receiver 12 in, for esxample, 2 wristuwatch
casing 44,

Not separately axecuted in the drawings is an advantageous
additional measure for the compsnsation of thes variation of
the inductance by rzason of the relative permeability of the
core material upon mechanical (bending) stress in thz sense
af the retuning of the th=zreby varied circuit fregquency. Faor
this, in thes receiver 12 a bhalancing control can act on the

aoscillatory _lrcult capacitance, for instance by means aof a
switchable capacitance cascade or by way aof the corresponding
control of a capacitance diode.



CLAIMS ' — I L S

1. A mannetic aesrial (13), with a farrite cors (15 SER
penstrates a coil (14), in tho strap (28) of a uristuaich
(11), the coil (14) being connzcted to 3 raceiver in
wristwatcen (11), charactearised in that as a long-t AET
(13) the farrite cors (15) is =ztacked from Flzwxinls thin
strips (16) of highly oermeable metal, is of graat axisl
length in relation to the magnetically =ffective thicknesss of
the strips stacked on2 on top of the othar and is sncompa i
by the strap (28), which is flexible and alsa caovsrs ths coil
(14), in front of thz ane front end (25) of which a flat-hand
lead (31) which is eguippad in th2 connzction region with a
tuning capaCLtJr (23) and which is fastznad to ths ferrita
core (15) is connectsd ta the cail (14), which likswises
axtends in ths strap (28) and has in its centrs ragion 2
conductor (32), aon bath sidas of which tharz extend
conduction foils (33) which are connectzbls as return leads,
in which respect the flat-band lead (31) at the apnposite end
to the connection to the coil (14) has plug-in means (43) for
the connection of the tuned aerial (13) by way of the sdage of
the casing (44) of the wristwatch (11) to a radio-contraollead
clock receiver (12) contained thersin.

2. A magnetic aerial according to claim 1, characterised in
that provided in front of the strip front ends of the stackad
ferrite core (15) is a free space (19) for mutual
longitudinal displacements af the flexible strips (16)
stacked one above the other.

3. A magnetic aerial according to claim 1 or 2, charactsrised
in that arranged betwesn the strips (15) are insulations (20)
made of material having 2 high diszlectric constant, on both
sides of which electrodes of a r=2sonance capacitancs (21)
cannected in parallel with thz coil (14) ars provided,

L. A magnetic aerial according to claim 3, characteris=ad in
that the electrodes aof thz resonance capac1ience (21) ar=z the
magnetic material strins (168) themselves.

5. A magnetic aerial accordiﬂc to zny one aof the preceding
claims, characterised in that the tuning capecitor (23) is
designed far compensation of a circuit fregquency chanoe by
reasan of meachanically occasioned permeahility change of th=

ferrite care (15).




