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This invention relates in general to the field of wireless communication
and more specifically to antenna coupling for wrist carried selective call
receivers.

10 ' Background of the Invention

Selective call receivers or pagers mounted within a wristwatch size case
and having an antenna carried by a wristwatch style band are well known.
Wristwatches are usually removably connected to a band or strap by a

15 removable pin such as a conventional barrel pin or roll pin with spring loaded
extensions. When connected, the strap and the wristwatch are free to pivot
relative to each other. However, disadvantageously, known wristwatch sized
pagers are connected to known antenna-carrying wristwatch style bands by
an apparatus that is substantially different than the apparatus by which

20  wristwatches are usually connected to wristwatch bands. The antenna carried
by known wristwatch style bands is electrically coupled to the selective call
receiver within known wristwatch size cases by a direct mechanical
connection. As a result, the junction between the case and the band or strap is
disadvantageously stiff and inflexible, and the case and band cannot pivot

25 relative to each other. Further, antennas used with known wrist worn pagers
cannot be easily replaced because they disadvantageously require breaking
the antenna connection upon removal of an old band and making the antenna
connection upon installation of a new band. A ‘jeweler familiar only with
conventional wristwatches and bands is not able to easily replace a band on a

30 known prior art wristwatch style pager without special training and
equipment. An example of a wristwatch sized pager having such a
nonstandard connection is'shown in U. S. Patent No. 5,179,733 issued January
12,1993 to Matsui. '

In some known wrist worn pagers, the mechanical connection for

35 electrically coupling the antenna and the receiver is in addition to another
mechanical connection for securing the case to the band, thereby
disadvantageously requiring two separate operations to change a band.
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An example of a prior art wristwatch style pager using a spring loaded
pin to mechanically secure a band to a case is shown in U. S. Patent No.
4,817,196 issued March 28, 1989 to MacNak, et al., and assigned to the
assignee of the present invention. However, MacNak, et al., do not disclose
15  capacitive coupling of an antenna to a receiver. Further, MacNak, et al., do
not disclose the spring loaded pin participating in the electrical coupling of
the antenna to the receiver. '
An example of electrically coupling a wristwatch pager to an antenna
using a mechanical connection is shown in U. S. Patent No. 5,86,431 issued
20  February 23, 1993 to Marinelli and assigned to the assignee of the present
invention. Marinelli provides satisfactory performance under most, but not
necessarily all, operating circumstances. However, Marinelli depends upon
the concave semicircular arcuate contact constantly touching the convex
semicircular arcuate contact and is affected by dirt between the concave
25 contact and the convex contact. Further, a wiping action between the concave
semicircular arcuate contact on the pager and the convex semicircular arcuate
contact on the band produces undesirable friction.
A cordless telephone with capacitive coupling of an antenna located in a
rigid hinged element to a radiotelephone located in a main body is shown in
30 U. S. Patent No. 5,170,173 issued December 8, 1992 to Krenz et al., and
assigned to the assignee of the present invention. However, Krenz et al.,
disclose capacitors co-located with, and disposed within, the hinges.
Thus, what is needed is an apparatus for electrically coupling an antenna
carried by a detachable wristwatch style band or strap to a selective call
' 35 receiver mounted to a wristwatch style case, while overcoming the
deficiencies of the prior art noted above.
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One aspect of the present invention is an apparatus to facilitate wearing a

selective call receiver on a wrist. The selective call receiver is supported by a

5 case. The apparatus has a strap rotatably connected to the case for securing
the case to a wrist, and an antenna carried by the strap. The apparatus,
comprises a capacitor having a first plate and a second plate spaced a
preselected distance. The first plate is fixed on the case and electrically
coupled to the selective call receiver, and the second plate is fixed to the strap

10 and electrically coupled to the antenna. The apparatus also comprises means,
separate from the first plate, for pivoting the strap with respect to the case.
The apparatus further comprises means, separate from the second plate, for
maintaining the preselected distance between the first plate and the second
plate during pivoting of the strap with respect to the case.

15 Another aspect of the present invention is a selective call receiver. The
selective call receiver comprises a receiver circuit and a case for holding the
receiver circuit. The case has a pair of mounts, and at least one mount is
electrically coupled to the receiver circuit. The selective call receiver further
comprises at least one longitudinal strap for securing the case to a user having

20  two sides with a transverse hollow cylindrical opening having a diameter and
an axis and extending between the two sides. The selective call receiver also
comprises an insulated metallic cylinder having a diameter larger than the
diameter of the opening, and the cylinder is coaxially imbedded within the at
least one strap. An antenna is carried by the at least one strap and electrically

25 coupled to the cylinder. The selective call receiver further comprises a
metallic cylindrical pin having a diameter approximately the diameter of the
opening, the pin removably mounted to the pair of mounts to form an
electrical connection with the at least one mount and removably positioned
coaxially within the opening to capacitively interact with the cylinder.

30 A further aspect of the present invention is an apparatus for coupling an
antenna supported by insulating material to a selective call receiver supported
by a case. The insulating material is pivotally mounted to the case by two
hinges. The device comprises a capacitor located intermediate the two hinges.
The capacitor has a first plate located on the case and a second plate located

35 on the insulating material. The device also comprises means for maintaining
capacitance of the capacitor substantially constant during pivoting of the
insulating material with respect to the case. T
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10  limit of pivot of the strap in one direction.
FIG. 4 is a side view of the apparatus shown in FIG. 1 showing limit of
pivot of the strap in another direction.
FIG. 5 is a perspective, partially exploded, view of another embodiment
of the apparatus for electrically coupling the antenna to the selective call
15 receiver in accordance with the preferred embodiment of the present
invention. .
-FIG. 6 is a top view of a portion of the apparatus shown in FIG. 5.
FIG. 7 is an enlarged side view of a portion of the apparatus shown in
FIGS. 5 and 6 as seen through line y - y' in FIG. 6.
20 FIG. 8 is simplified schematic diagram showing a capacitor of the present
invention and a matching circuit between the antenna and the receiver.

Description of the Preferred Embodiment

25 Referring now to FIG. 1, a selective call receiver 10, such as a pager, is
shown mounted in a wristwatch style case 14, preferably made of plastic. The
operation of the selective call receiver 10 is well known to those skilled in the
art. The selective call receiver 10 comprises a receiver circuit 12 supported by
the case 14. The selective call receiver 10 is enclosed within the case 14and a

30 cover 16. A strap 18 having at least one end 13 is used to facilitate wearing the
selective call receiver 10 on a wrist of a user. The at least one end 13 of the
strap 18 is preferably similar to an end of a standard wristwatch band. Each
of the at least one end 13 of the strap 18 is removably, rotatably connected to
opposite sides 15 and 17 of the case 14.

35 The apparatus 11 for coupling an antenna to the selective call receiver 10
comprises a capacitor 50 having two capacitive plates, the two capacitive
plates being a first plate 22 and a second plate 26 spaced a preselected
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within the case 14 at one of the opposite sides 15 by plastic molding methods

10  well known to those skilled in the art. The first plate 22 is electrically
connected by connecting conductor 28 to the receiver circuit 12.

The strap 18 is preferably flexible and made of a plastic or injection |
moldable, electrical insulating material. The strap 18 is longitudinal and has
two sides 19 and 21. The strap 18 has a transverse hollow cylindrical opening

15 30 having an axis 29 and extending between the sides at the at least one end
13. An antenna 24, preferably a flexible antenna, is disposed within the strap
18. The antenna 24 is preferably a thin, flat longitudinal strip as shown in FIG.
1; alternatively, the antenna is a wire. The antenna 24 is electrically connected
at one end 25 to the second plate 26. The second plate 26 is disposed entirely

20 within the material of the strap 18 coaxially with the transverse hollow
cylindrical opening 30. The operation of embedding the antenna 24 within the
strap 18 and forming opening 30 by insert molding techniques is well known
to those skilled in the art. A distance 49, shown in FIG. 2, is therefore obtained
between the second plate 26 and the external surface 48 of the strap 18.

25 The second plate 26 is an arcuate portion of a cylinder having an axis, a
Ierigth 31, L, a radius 37, r, and an angular dimension 65, B, where B is
substantially larger than o, but less than 270 'degrees. Alternatively, the
angular dimension 65, B of the second plate 26 is substantially smaller than
the angular dimension ¢ of the first plate 22. In any event, in the preferred

30 embodiment, the first plate 22 and the second plate 26 comprise arcuate
portions 39 and 41, respectively, of cylinders (not shown, except for the
arcuate portions), and each of the arcuate portions subsumes a substantially
different number of degrees.

The strap 18 is attached to case 14 using a pin 32, preferably, a

35 conventional compressible watch spring pin, snugly fitted through the
opening 30 in the strap 18. Advantageously, the pin 32 is a type with which
jewelers are familiar and therefore can install and remove using conventional
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extension sections.

Each of the opposite sides 15 and 17 of the case 14 has a pair of mounts
56 and 57, and 58 and 59, respectively, protruding from the external surface 48
of the case and preferably made from material contiguous with material of the
case. The mounts 56 - 59 are separate from the first plate 22 and the second
plate 26. Each of the opposite sides 15 and 17 of the case 14 is substantially
similar; therefore, only one of the opposite sides 15 will be described in detail.
The mounts 56 and 57 have cavitiés 60 and 61. One of the cavities 60 on one of
the mounts 56 opposes another of the cavities 61 on another of the mounts 57.
The cavities 60 and 61 are sized to snugly hold the extension sections 36 and
38 of the pin 32. The cavities 60 and 61 are within the material of the case 14;
therefore, the pin 32 is insulated from the receiver circuit 12 and from all other
electrical components of the selective call receiver 10. The cavities 60 and 61
are disposed on the case 14 at a predetermined distance 45 from the external
surface of the case to allow for rotation of the at least one end 13 of the strap
18 about the case when the strap is mounted to the case by the pin 32. The
cavities 60 and 61 on the mounts 56 and 57 cooperate with the extension
sections 36 and 38 of pin 32 to form two hinges. When the strap 18 is
connected to the case 14, the axis of the second plate 26 is coaxial with the axis
23 of the first plate 22. The strap 18 is capable of pivoting about the case 14.
During pivoting of the strap 18, the axis of the first plate 22 and axis 23 of the
second plate 26 remain coaxial. Furthermore, the strap 18 remains a fixed
distance 53 from the case 14 during pivoting which advantageously allows the
apparatus 11 to be relatively unaffected by friction as compared to prior art
coupling apparatuses.

Capacitive engagement of the first plate 22 with the second plate 26
electrically couples the antenna 24 to the selective call receiver 10. The fixed
distance 53 is chosen to allow capacitive coupling between the first plate 22
and the second plate 26 at selective call receiver operating frequencies.
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mount s t 019 or gltgpatively embedded the distance n the case ra er than At the *
external surface 44 of the case. Preferably, the distance 55 is approximately 0.5
mm. Capacitor 50 is formed by first plate 22, material of the case 14, an air
gap 46, material of the strap 18, and second plate 26.
Referring to FIG. 2, the capacitance C of the capacitor 50 is described by

15  the following equation:

.. EEEE0L o
£,In ((—r:i)) +&&ln ((r(_i;_:)L)) + &En ((r§x+y))

wherein €, is the permittivity of free space, €; is the dielectric constant of the

20 material of the case 14, &; is the dielectric constant of air, €3 is the dielectric
constant of the material of the strap 18; Q. is, in general, the angular dimension
of the angularly smaller of the first plate 22 and the second plate 26, however
in the preferred embodiment a. is the angular dimension of the first plate 22;
L is the length of the first plate 22 and of the second plate 26; R, 35, is the

- 25  radius of the arc of the first plate 22; r, 37, is the radius of the arc of the second

plate 26; y is the ring segment radius of the air gap 46 between the external
surface 44 of the case 14 and the external surface 48 of the strap 18; and x is
the ring segment radius of a portion of the material of the strap between the
second plate and the external surface of the strap. The portion of the material

30 of the strap 18 between the second plate 26 and the external surface 48 of the
strap acts as a dielectric. The.equation (1) is used to calculate capacitance C of
capacitor 50 in the preferred embodiment with three different materials
between the two capacitive plates of the capacitor: material of the case 14, air
gap 46, and material of the strap 18. The capacitor 50 is equivalent to three
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capacitance is C = le/ccl: +/C, +1/C3 . The capac1tance value varies with
dielectric material chosen, the plate dimensions, and the plate spacing. For
example, equation (1) with dielectric constants of €;=5.1, €;=1, €3=9, £,=8.85 x
1012 farads/meter; plate dimensions of L=12.7 mm, 0=135 degrees, R=2.4
mm, and r=1.4 mm; ring segment x=0.4 mm, and ring segment y=0.1 mm,
results in a capacitance C of 2.1 pF. The relatively low capacitance of 2.1 pF is
due to the relatively large (1,0 mm) preselected distance 51 between the first
plate 22 and the second plate 26. As a result, the apparatus 11 having the
foregoing dimensions is most effective at selective call receiver operating
frequencies above 130 MHz.

Alternatively, the first plate 22 is mounted on the external surface 44 of

the case 14 and the second plate 26 is embedded within the strap 18. The

capacitance C for this first alternative is calculated as follows:

Ce €y €,€;0L
eain(522) + £,1n () @

Equation (2) for C with dielectric constants of €£2=1, €3=9, and €= 8.85x 10-12
farads/meter; plate dimensions of o = 180 degrees; L = 14.3 mm; R = 1.8 mm;
r = 1.4 mm; and ring segment x = 0.3 mm and ring segment y = 0.1 mm, results
in a capacitance of 5.1 pF. It has been found that this first alternative is
effective at all frequencies presently assigned by the Federal Communication
Commission (FCC) for paging systems.

In a second alternative, not shown, the first plate 22 is embedded within
the case 14 and the second plate 26 is on the external surface 48 of the strap 18.
In the second alternative, the second plate 26 forms a convex portion of the
external surface 48 of the strap 18. The capacitance for the second alternative
is calculated by equation (3) for C as follows:
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4" Brief Description of the Draw ngs
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apparatus for electrically coupling ' sel ective call

receiver in accordance wi'th the preegerred enbodi nent of -the present
I nventi on. FIG 2 is an enlarged side view of a portion of the
apparatus shown in FIG 1 as$ seen through line x - x' in FIG 1.

FIG 3 is a cross-sectional view of tra)@l@qlatus shown in FIG 1 show ng

10 limt of pivot of the GtF CUrTo FIG 4 (3 a
side view of the apparatus shogln] Ettd L 8? Cn?&_)wt of pi vot of
the strap in another direction. rirg) A perspecti ve,
partially expl oded, view of another errbodl ment of the apparatus for
electrically I n na 15 ver
acoor dance vi ftaRes ot Pt R el e PRI o vt APRRNIRIcie,
presently assigned by the FCC for paging systems.
In a third alternative, not shown, the first plate 22 is on the external
5 surface 44 of the case 14 and the second plate 26 is on the external surface 48

of the strap 18. The capacitance for the third alternative is calculated by
equation (4) as follows:

li"s:“_d)‘ @

The lack of any dielectric, other than air, between the capacitive plates in the
third alternative, limits the capacitance; therefore, the third alternative is
preferably used at frequencies above 130 MHz.
Because the invention uses capacitive coupling to transfer electrical
15 energy from the antenna 24 to the receiver circuit 12, the invention is less
adversely affected by any dirt between the strap 18 and the case 14 than are
prior art coupling apparétuses which use conductive coupling.
Referring now to FIG. 3, in order to further maintain a substantially
constant capacitance of capacitor 50 during pivot or rotation of the strap 18
20 about the pin 32, the selective call receiver 10 also has means to limit pivoting
of the strap relative to the case 14 to no more than a preselected number of
degrees 27, 6, where 6 is equal to f minus &. The preselected number of
degrees 0 is equal to the substantially different number of degrees between
angular dimension of the first plate 22 and the angular dimension of the
25 second plate 26. The strap 18 is mounted to the case 14 to provide that the gap
between the first plate 22 and the second plate 26 is angularly equal to a even
at extreme limits of rotation. By limiting the rotation to 8 degrees, the
capacitance of capacitor 50is calculated using the angular dimension of only
the angularly smaller of the first plate 22 and the second plate 26. The means
30 to limit pivoting of the strap 18 with respect to the case 14 include an edge 62
of the cover 16 and an inside corner 64 of the case 14. In FIG. 3, the strap 18 is

10
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FIG 6 is atop viewof a portion of the apparatus shown in FIG 5.
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invention and a matching circuit between tlbe antenna and the receiver.
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simlar to an® f a standard wri stwatch band Each of the at | east
one end 13 of theReferripg16 HG. banseledtive, callakedindt 10 isachoeat Boan alternate

- opposite sidegnhaARdntéf file ﬁﬂgeﬁﬂﬁ%ﬁéon. According to the alternate embodiment.
of the invention, the selective call receiver 10 comprises the receiver circuit 12
10  of conventional design enclosed within the case 70 and a smaller cover 71.
‘The strap 18 is attached to case 70 by pin 32 that is press fit into transverse
hollow cylindrical opening 30 of the strap. The strap 18 is capable of pivoting
about the case 70. As a result of a tight press fit between the barrel section 34
of pin 32 and the strap 18, the barrel section and the strap rotate together
15  without relative movement during pivoting of the strap about the case. The
plain bearings between the barrel section 34 and the extension sections 36 and
38 of the pin produce a constant electrical connection between each of the
extension sections and the barrel section.
A top view of the alternate embodiment of present invention is shown in
20 FIG. 6-depicting the apparatus 11 with a portion of the material of the strap 18
cut away to show an insulated metallic cylinder 86 which acts as one of the
two capacitive plates. The strap 18 includes preferably at least one flexible
longitudinal wrist strap 43 for securing the case 70 to a user. The strap 18 has
a transverse hollow cylindrical opening 30 with a diameter 83, a length 84,
25 and anaxis 85. Referring now to FIG. 5 and FIG. 6, the case 70 has at least two
sides and has protruding portions of contiguous case material on at least one
side forming a pair of mounts 78 and 69. Mounts 78 and 69 have cavities 72
and 73, respectively, opposite each other. Tightly fitted into at least one of the
cavities 72 and 73 is a metallic bracket 74 for holding an end of at least one of
30 the extension sections 36 and 38 of pin 32 and for forming an electrical
connection with pin 32. The receiver circuit 12 is electrically connected to the
metallic bracket 74 by bracket connecting wire 75. The extension sections 36
and 38 achieve contacting force against an arm 76 of the metallic bracket 74
from spring loading supplied internal to pin 32. Advantageously, the use of a
35 metallic bracket 74 in each of the cavities 72 and 73 also increascis,n’lei’haﬂc’al/

strength of the attachment of the strap 18 to case 70. —
Been Replaced

"R



35°
recel ver

The apparatus 11 for coupling an antenna to the selective call

iver 100 PTO01418%ri ses a capaci tm&-hwW.apam tive plates,
two capacitive pl at es being a fji TS SgﬂgggAééEDZB% la second plate 26

spaced a presel ected

t he

5

di stance 51 (FIG 2). The case 14 incl udes+a substantial | y arcuate concave
recess 20 on at |east one of the opposite Sides 15 and 17 adapted to

recei ve the
an arcuate portio

I e aemdte EpodimBnf Spsonsois Kirmbes by esiinied L, ' o

radius 35, R metallimcylindet 86, the barm seotionB4 Whicheactded &ferother ebhetwico FI G
1, the first plad&ie@plated 3HA AR material of strap 18 which acts as a dielectric.

5

10

15

20

30

35

Selective call receiver signals are coupled from antenna 24 to receiver circuit
12 through capacitor 50. Referring now to FIG. 7, the insulated metallic
cylinder 86 has a larger diameter 52 than diameter 83 of transverse hollow
cylindrical opening 30. Pin 32 is preferably a metallic cylindrical pin such as a
conventional compressible watch spring pin, having a diameter 88. The
diameter 88 of pin 32 is approximately the diameter 83 of the transverse
hollow cylindrical opening 30. The pin 32 fits snugly in opening 30 of strap 18

. so that the air space 54 between the pin and the strap is negligible. The size of

air space 54 is greatly exaggerated in FIG. 7 for clarity of illustration.
Advantageously, a snug fit between pin 32 and strap 18 prevents dirt from
accumulating in air space 54, while still allowing removal of the pin using
conventional jeweler's techniques. Preferably, the insulated metallic cylinder
86 substantially surrounds pin 32. Alternatively, the insulated metallic
cylinder 86 has an elongate opening 90 so that the insulated metallic cylinder
merely partially surrounds pin 32. The extension sections 36 and 38 provide
means for pivoting strap 18 with respect to case 70. Because both capacitive
plates of capacitor 50 in the alternative embodiment rotate together without
relative movement during pivoting of strap 18, the alternative embodiment
has an advantage of not needing means to limit pivoting of the strap.
Therefore, the smaller cover 71 is smaller than the cover 16 because edge 62
(FIG. 2) is not needed to limit pivoting in the one direction. Of course, there is
also no need to limit pivoting in the other direction in the alternative
embodiment. The equation (4) is used to calculate the capacitance for the
alternative embodiment shown in FIGS. 5 -7.

The value of the capacitance required for coupling is determined by the

. following: selective call receiver operating frequencies, antenna type, material

of the case, material of the strap, and the geometry of the capacitive plates.
The dependence on frequency is implicit, in that most parameters for the
material of the case and the material of the strap change with frequency. At
frequencies of approximately 40 MHz, the electrical properties of plastic
materials are more favorable than at frequencies of approximately 900 MHz
because material losses increase and the dielectric constant of many plastics
decreases at higher frequencies, thereby decreasing capacitance of capacitor
50. Therefore, the third alternative of the embodiment shown in FIGS. 1 and 2
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within the substantially arcuate co TE forma concave
~pprt.i oh of ° PT014161¢Xt er nal surfacg 'ﬁ%&gtsﬁ?ﬁmgszétﬁg one of the opposite

si des 15. Alternatively, as s b first plate 22 is
enbedded a di stance 55 within the case 14 at one of the opposite
sides 15 by plastic nolding nmethods 10 wegl)l known to those skilled in the
art. The first plate 22 is electrically connected by connecti ng

q h h . .
or of or abl y {1 EAMIREn Mrcanstiva PR preprrpl prtereh S pReRi Fatd oy

el ect _r:j cal 1|9 nigleeri freyuraicissi Jhe sTiecarsd spacing of the ]jagﬂsluaad]\akethmbl”h&at

two sides n

openi ng 15 3% ﬁ%égbﬁgs-axasam‘%ig rygﬁcetgp g{%Y&{)@@ég#%&%’é sﬁg t he at

| east one endfrequencms. An antenna 24, prefer any a flexi bI e antenna, is

di sposed ‘wsthin the { #hen,
Ste?gﬁéi’ﬁl%g on the iﬁae heienhsBaRA tﬁégﬂeﬁu ritidn| the

flat Iongltudlnal erntlv t.he
antenna is a \kAPec aﬂ?éca ‘@ﬂ?&l@&a?éf%'!eéé?m‘é&hﬂ/r @nt ferlria. ﬂf‘ one

enflh25 t(r)\ t hetasmmledugwtaih&naﬁ wﬁb{eCa&ﬁearsele}&heé eal? Gedeﬁveis@a) ﬁlttéﬂnﬂ y 20
within the matgerij.a axi a

cylindrical 05 1e§gn 5@?%}? ﬁiﬁ%@g“ S‘ ﬁélééﬁgﬁﬁe%r%eswot h|0\r,1V

t he st rapdﬁ&mdapmtwenglmpgns uged%OThq typesefrantemhalgreatlydofinencass i s

vell knowgy e aﬁblﬁﬁ(&g Rapaditanfd nbBad st Helappariiis 13 T6f aftfénnd he¥dhane F! G

2, is therefore 0
Alternatively, a dipole antenna is used. A dipole antenna is also electrically

small; however, unlike a loop antenna, a dipole antenna is capacitive in
nature. Therefore, inductive loading is used in order to employ capacitive
tuning. Dipole antennas are designed to be able to use capacitance of 1 -10pF

15 for antenna resonance. In the lower VHF frequencies, a multiple turn loop
antenna wound around a ferrite rod is typically used. Capacitance of 2 -10 pF
for capacitor 50 is acceptable for resonance, depending on antenna
dimensions. The effectiveness of ferrite decreases with increasing frequency.
Also, an excessive amount of turns for a multiple turn loop antenna at UHF

20 frequencies can cause excessive inductance, which in turn can make the
capacitance value for resonance extremely small. So, the ferrite is not used
and the number of turns of loop is decreased at UHF frequencies. At UHF
frequencies, a capacitance of 1 -10 pF is acceptable for resonance, depending
on antenna dimensions. At upper UHF and low GHz frequencies, a small

25  single turn loop antenna and capacitance of 0.5 - 10 pF is used, depending on
antenna dimensions. _

Antenna resonance is achieved when the reactance is zero. The reactive

component of a small loop antenna is modeled as an inductor having self
inductance L connected in series with capacitor 50. Therefore at resonance,

30 the capacitance of capacitor 50 is C =1 / @?L. The self inductance L of a
circular loop of wire is given by equation (5):

L:uob(ln( b)- 2)- - (®)

\
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bet ween the second plate 26 and the external surface. 48 of the strap 18. 25
The setond “pl #FH1265Ws an arcuate portion of a cylinder having an axis, a
length 31, L, a radius 37, r, and an ﬁ@éﬁEﬁmggﬁw 65, [err], where
[err] is substantially larger than a,REbg},c ®SS tkan 270 degr ees.

Al ternatively, the angul ar di ne t he second plate 26
I's substantially snmaller than t he angul ar di nension a of the first
plate 22. In any event, in the preferred 30 enbodinent, the first plate 22
and the secondvhgrstsisthe @@:mea@gtjap&ﬂm\eﬂre, Ho 1S§bepe5n§alabt5aﬁﬂfm§ space, a

Ly 1 PN e S ReSpef el B bt U e
di ff erent nunbePP- o& B@é?@é@ of the wire is 1 él'ﬁgns"irf“gé‘ %ﬁgﬁéﬂ%ﬁ 1% %ZG%e 14
using a p: n gz?e Béleimwdlhlyce Iﬁ1§£ppmnn§tr?u y 01614 pmwméﬂobé &hmhp&uwrce Is)
vt ageotis! - ST RE BICR o494 b She appatiit T s iR 171 K et astinre o
and t herefor e resrmamst all and renove using conventi onal
FIG. 8 shows a schematic diagram of the antenna 24 with impedance
matching and resonance components. The antenna 24 shown in FIG. 8 is a
single turn loop antenna for simplification of illustration. As previously
10  described, the antenna 24 in strap 18 is inductive at selective call receiver
operating frequencies, and is capacitively tuned. At resonance, the impedance
seen by input circuitry of the receiver circuit 12 is purely resistive and is
approximately 146.04 Q when copper wire is used. When the input circuitry
of the receiver circuit 12 is slightly inductive, coupling capacitor 80 and shunt
15 -capacitor 82 are used to conjugately match the impedance of a combined
antenna 24 - apparatus 11 circuit to the impedance of the input circuitry. For
example, to match the impedance of the combined antenna 24 - apparatus 11
circuit (146.04 Q) to an input circuitry impedance of 50 + j90, coupling
capacitor 80 is preferably 40.4 pF and shunt capacitor 82 is preferably 8.7 pF.
20 The coupling capacitor 80 and-the shunt capacitor 82 are used primarily for
impedance matching to input circuitry of receiver circuit 12 and have minor
effect on antenna resonance.
FIG. 8 shows the apparatus 11 on both of the opposite sides 15 and 17 of
case 14. On one of the opposite sides 15 of the case 14, capacitor 50 acts to
25 resonate the antenna 24 at selective call receiver operating frequencies. On
another of the opposite sides 17 of the case 14, the invention couples another
end of the antenna 24 to a ground within the receiver circuit 12 through a
other capacitor 40. It is not required that the present invention be used on
both of the opposite sides 15 and 17 of the case 14. Of course, when the |
30 antenna 24 is a dipole antenna, the invention is used on only one of the
opposite sides 15 of the case 14. However, in some instances, especially when
using a loop antenna at higher frequencies, such as approximately 900 MHz, a
very small capacitance is needed to cancel inductive reactance of the antenna
in order to bring the antenna to resonance. In these instances, the other
35 capacitor 40 is added in series with capacitor 50 and preferably on the another
of the opposite sides 17 of the case 14 to reduce capw
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6 techniques. In fact, the strap 18 can be installed and renoved as

if it were a PT0143s®ndard wi stwatch band w t hout _an antenna. The materi al
of the strap 18 i nsul ates the ﬁ@ﬁg@fﬁh@ pEBNf fom the pin 32. The pin
32 conprises a barrel section|34 haytmacepdi arrefer and havi ng

extension sections 36 and 38 with sttt draneters than the dianeter of
the barrel section. The extension secttons 36 and 38 are spring | oaded

et weon cach P e BRATHERORBSOTARRe. dbhan heahidurd faf Hogddrsst of
section 34 al lcapacigaridesrepsions bf tecapmaratus Tlobhm both of theoppositbsides 15 and
extension Sectifine i 1 e ling S BRBEE eyt i o st e
prot rudi ng fr erpacitonsxXcapacitor §0anddbe sgher capacitor 40, isesonemdicaliyapreferable
made from BBt gbhRing S SidalleP BepatitaRcd PeRiIdRbf e dfffaratus on only one of the
opposite sides 15 of the case because the same larger capacitance version of
the apparatus is alternatively available for use on only one of the opposite
sides 15 of the case of other selective call receivers operating at lower
frequencies.

10 The apparatus 11 and the antenna 24 are designed so that minor dust or
dirt between first plate 22 and second plate 26 will not have an adverse affect
on the circuit performance. For example, at lower selective call receiver
operating frequencies, a desired value of capacitor 50, which was herein above
stated to be in the range of 2 - 10 pF, is closer to 10 pF than to than 2 pF.'

15  Minor dust or dirt between first plate 22 and second plate 26 would not have a
significant affect on a capacitance value that is close to 10 pF, and circuit
performance is not compromised. Although FIG. 8 shows capacitors being
used for impedance matching, inductors or any other type of impedance
matching circuitry is alternatively used with the invention.

20 While a detailed description of the preferred embodiments of the
invention has been given, it should be appreciated that many variations can
be made thereto without departing from the scope of the invention as set forth
in the appended claims. For example, while it is preferred that the angular
dimension of the capacitive plate mounted on the case be smaller than the

25 angular dimension of the capacitive plate mounted on the strap, it is also
contemplated that the angular dimension of the capacitive plate mounted on
the case be larger than the angular dimension of the capacitive plate mounted
on the strap. In addition, although it is preferred that the capacitive plate
mounted on the case be concave and the capacitive plate mounted on the

30 strap be convex, it is also foreseen that the capacitive plate on the case be
convex and the capacitive plate on the strap be concave. Moreover, there are
many different antenna configurations that can be used with the invention.
Also, although it is preferred that the apparatus be used when wearing a
selective call receiver on a wrist, it is foreseen that the selective call receiver be

35 worn on another part of a person’s body. Further, the invention is not limited
to selective call receivers but can be used with other types of receivers and
with transmitters and transceivers. In addition, the capacntwe plates and the
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case. The nounts 56 - 59 are separate fromthe first plate 22 and the
second’ " plPA0a42%J Each of the opposite sides 15 and 17 of the case 14
is substantially 15 simlar; theref ous SKEHTYHAS'BEEN |t he opposite sides 15
will be described in detail. The nmOWEPEAGED and 7 have cavities 60 and
61. One of the cavities 60 on one o f51€ nounts 56 opposes anot her of
the cavities 61 on another of the nounts 57. The cavities 60 and 61

327 The cavi 18 seprab i B AR B Rt elR sonducie BatbfL”' "

therefore, th&usthergresthensatesinbuséd fnnmheasaaami thee stedp axel notdimited té r om

all other t gggﬁ% 10. The
cavities 60 a%&‘q—%& ﬂ 18%&50 IS gﬂtgd %?a%géss:égl ﬁé\sair{ aﬁégﬁ?teﬁr;ﬁli%e

di stance 45 eriaﬁttCﬁeES@,CF’@ilﬁa’#thlgher%@ﬁu%@sof t he case to al | ow for
rotation of the atwéemsh: one end 13 of the strap 18 about the case
when the strap is nounted to the case by the pin 32. The 25 cavities 60
and 61 on the nounts 56 and 57 cooperate with the extension sections
36 and 38 of pin 32 to formtwo hinges. Wien the strap 18 is connect ed
to the case 14, the axis of the second plate 26 is coaxial with the axis

23 of the first plate 22. The strap 18 is capable of pivoting about the
case 14. During pivoting of the strap 18, the axis of the first plate
22 and axis 23 of the 30 second plate 26 remain coaxial. Furthernore, the
strap 18 remains a fixed
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di stance 53 fromthe case 14 duri ng pi vot i'ng whi ch advant ageously al | ows

t he " appa to be rel ati pety—tmatfected-ty1 fricti on as conpared
to prior art mﬁlcﬁm i ng appar at Slgés SR i;—ﬁ&g'\-é%EﬁCapacitive engagenment of
the first plate 22 with the secondipl ngEyg:AgE eleetrically couples the
antenna 24 to the selective call receiver J,10. The flxed di stance 53
I's chosen to all ow capacitive coupling between the first plate 22 and
the second plate 26 at selective call receiver operating frequenci es.

7 Mai nt enance of the fixed di stafde®BdSis required to maintain the

presel ect ed
1. Anapparatus to facilitate wearing a selective call receiver on a wrist, the

selective call receiver supported by a case, the apparatus having a strap for
5 securing the case to a wrist, the strap rotatably connected to the case, and a
flexible antenna carried by the strap, comprising:

a capacitor having a first plate and a second plate spaced a preselected
distance, the first plate fixed on the case and electrically coupled to the
selective call receiver, the second plate fixed to the strap and electrically

10  coupled to the flexible antenna;

means for pivoting of the strap with respect to the case, the means for
pivoting being on the case and separate from the first plate; and

means for maintaining the preselected distance between the first plate
and the second plate during pivoting of the strap with respect to the case, the

15 means for maintaining being on the strap and separate from the second plate.

2. The selective call receiver of claim 1, in which the preselected distance is
selected to produce a capacitance having negligible reactance at selective call
receiver operating frequencies.

20 _
3. The selective call receiver of claim 2 in which the first plate forms an
external surface of the case.

4. The selective call receiver of claim 2 in which the second plate forms an
25 external surface of the strap.

5.  The selective call receiver of claim 1 in which the first plate is without the
means for pivoting the strap with respect to the case.

30 6. The selective call receiver of claim 1 in which the second plate is without
the means for maintaining the preselected distance between the first plate and
the second plate during pivoting of the strap with respect to the case.

7. The selective call receiver of claim 1, including means to limit pivoting of
35 the strap with respect to the case to a preselected number of degrees.
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di stance 51 between the first plate 22 and the second plate 26 and,

therefore, 'a PT014180Nnstant capacit ar _ tai ning the

presel ected distance 51 bet ween {%&“&S DU%& 2 and the second
plate 26 during pivoting include the en the barrel
section 34 of the pin 32 and the strap 18,7:and by the snug fit

bet ween the extension sections 36 and 38 of the pin 32 and the cavities

60 and 61. | G 2 shows an enl.ar e i on of
the case 14 afd alhe SEECBES? F?Ii Fecsiverif CE;PF&% E’igﬂb Ia@e aﬁgéﬁg efondhat
the first pl atp&at’é%rear@fmwpoiﬂﬁbnsad)ﬁ@iﬂﬁiew&hqamﬁa@dpefhdrlsdne@nglascl@rﬁﬁo

wi thin the casg rather ‘than at the external surface 44 of the case.
Preferably, t tance 55 is approximately 0.5 nm Capacitor 50 is
formed by first plate 22, material of the case 14, an air gap 46,

material of tige sﬂha[senaﬁtivanaﬂlsme@mi-qilcﬁim Ei‘nwhigh the arcuategiortionsgré @ FI G
2. e capact LaBcEnial dilre AR of dhgtdestioscr 1 Ded by 15 the followi ng
=1err

equat i on:

10. The selective call receiver of claim 9 in which the preselected number of

degrees is equal to the substantially different number of degrees.
10

11. A selective call receiver, comprising:

a receiver circuit; '

a case for holding the receiver circuit, the case having a pair of mounts, at
least one mount electrically coupled to the receiver circuit;

15 at least one longitudinal strap for securing the case to a user having two
sides with a transverse hollow cylindrical opening having a diameter and an
axis and extending between the two sides;

an insulated metallic cylinder having a larger diameter than the diameter
of the transverse hollow cylindrical opening, the insulated metallic cylinder

20 coaxially imbedded within the at least one longitudinal strap;

an antenna carried by the at least one longitudinal strap and electrically
coupled to the insulated metallic cylinder; and
- ametallic cylindrical pin having a diameter approx1mately the diameter
of the transverse hollow cylindrical opening, the metallic cylindrical pin

25 removably mounted to the pair of mounts to form an electrical connection
with the at least one mount and removably positioned coaxially within the
transverse hollow cylindrical opening to capacitively interact with the
insulated metallic cylinder.

30 12. Theselective call receiver of claim 11 in which the metallic cylindrical
pin interacts with the insulated metallic cylinder to produce a capacitance
having negligible reactance at selective call receiver operating frequencies.

13. The selective call recéiver of claim 11 in which the at least one
35 longitudinal strap is capable of pivoting about the case at the transverse
hollow cylindrical opening.
T
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wherein [err] is the permittivity of free space, [err] is the dielectric
constant of’ tlpgpi@isymaterial of the case 14, [err] is the dielectric
constant of air, [err] is the dielectrigs <uyp;: constanf of the material of
the strap 18; [err] is, in general, Iihe angepiaNcei mensgon of the
angularly smaller of the first plate pl ate 26, however

in the preferred enbodinent a is the angul di nension of the first plate
22; - Lis the length of the first plate 22 and of the second plate 26;
R 35, is thelds Thggelestive calhrecgiversf claim 13 inswhighdthe metallic cydindricel pire
radius of theja¢lades nidats $GCHROt aboult@ﬁ@ca%@;atmégaitr%%nﬁdms.segrfent radi us
of the air gap 46 between the external surface 44 of the case 14 and
the external surface 48 of the strap 18; and x is the ring segnent
radi us of a pdbti Theastlettiee vall eeceiter@f cldim ™ irewhird ween t he second

| at d th t f t " tion of . the material 30
bt “the st rip 16 paraaistiliic SHRdal i BEtak o MISRENL I At el dRR e U5 o
t he st r afollomscylindrical epeving, endThe equation (1) is used to calculate
capacitance C of he at IEARSHel1Bhatdirial E&sg%aftﬁé&ﬁ&aﬁﬁgﬁhaﬁ&m ﬁfﬁbt&@f ee
b the t ates of the

different materials . et wee WO ctapacitive p
capaci tor: natt‘égﬁ'-gﬁr withows relative ﬂﬂ"%‘?nt

10 16. The selective call receiver of claim 11 in which the insulated metallic
cylinder substantially surrounds the metallic cylindrical pin.

17. The selective call receiver of claim 11 in which the case and the pair of
mounts are formed of contiguous material.

15 _
18. Anapparatus for electrically coupling an antenna supported by
insulating material to a selective call receiver supported by a case, the
insulating material being pivotally mounted to the case by two hinges,
comprising:

20 a capacitor disposed intermediate the two hinges, the capacitor having a

first plate on the case and a second plate on the insulating material; and
means for maintaining capacitance of the capacitor substantially
constant during pivoting of the insulating material with respect to the case.

25 19. The apparatus of claim 18 in which
each of the two hinges have a portion on the case and another portion
on the insulating material, and
the case and the portion of each of the two hinges on the case are
formed of contiguous material.
30
20. The apparatus of claim 19 in which
the first plate forms a concave portion of an external surface of the case,
and _
the second plate forms a convex portion of an external surface of the
35 insulating material.

/’/
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gap 46, and material of the strap 18. The bapacitor 50 is eq'ui valent to

three ° apaci tors conne O capacitance (err]
contri but ed byP'{?lleéll%{:erl al of thF | S SHEET, H‘Nﬁéﬁ@iqam tance (Jerr]
contributed by the air gap 46, and the REELACER ance contributed by
the material of the strap 18. Therefore thi t ot al capacitance is C
=1/ err] +1/Cerr] +1/Cerr]. The capacit %ce value varies with 5
dielectric material chosen, the plate dinmensions, and the plate spacing.
For exanple, equation (1) with dielectric constants of [err]=5.1,
[err]=1, [err] APP@«%{A R)COUPLINGﬁNf&NMN&'EOAﬁWBE TACABRIEBhs of
L=12.7 mm [err]=135 degrees FSRLECTIVE CALL RECEIVER

5 Abstract of the Disclosure

An apparatus couples signals from a flexible antenna (24) in a strap (18)
to a selective call receiver (10) in a case (14) such as a wristwatch style case
through a capacitor (50) formed by a first plate (22) on case and a second plate -

10 (26)on stfap. The strap is removably mounted to case by a pin (32) such as a
conventional wristwatch pin positioned through an opening (30) in strap. The
pin is held by cavities (60 - 61) on mounts (56 - 59) formed of contiguous
material protruding from case and separate from first plate to allow pivoting
of strap relative to case. The capacitor (50) is separate from mounts (56 -59)

15 and is located between the mounts. The first plate and the second plate form
a portion of an external surface (44) and (48) of case and strap, respectively. In
another embodiment, capacitor (50) is formed by pin (32) and second plate
(26) which rotate together without relative movement during pivoting of
strap.

20
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mm and r=1.4 mm ring segnent x=0.4 nm and ring segnent y=0.1 nmm
results in‘a capacitance C of 2.1 pF. The relatively | ow capacitance of 2.1
PF is 10 due to the relatively large (1,0 nm presel ected distance 51

bet ween the first plate 22 and the second plate 26. As a result, the
apparatus 11 having the foregoi ng difygnsions is nost effective at
sel ective call receiver operating frequenci es above 130 MHz.

Alternatively, the first plate 22 is nounted on the external surface 44 of
15 the case 14 and the second plate 26 is enbedded within the strap 18. The
capacitance C for this firgt alternative is calculated as foll ows:

C=[err] 20 Equation (2WN{for Cwith dielectric constants of [err] = 1,
[err] =9, and [err] = 285 x) 10-12 faradgénegqr; pl at e di nensi ons of
[err] = 180 degreess NR=1.8m & O™ = 1.gbnn1 and ring
segnent x = 0. y = 0.1 mmregults -~ m
- o
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C=Jerr] It has been found that the second alternative is also

effective at all frequencies presently assigned by the FCC for paging
‘'syst ens. In a third alternative, not shown, the first plate 22
is on the external 5 surface 44 of the case 14 and the second plate 26
I's on the external surface 48 of tgﬁ7strap 18. The capacitance for
the third alternative is cal cul ated by equation (4) as follows:

C= [Jerr] (4) 10 The | ack of any
dielectric, other than air, between the capacitive plates in the _
third alternative, limts tgF capaci tance; thereforg, the third alternative
i's -

b
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preferably used at frequencies above 130 MHz. Because the

i nventi on uses capacitive coupling to transfer electrical 15 energy from
‘the antenna 24 to the receiver circuit 12,. the invention is |ess

adversely affected by any dirt between the strap 18 and the case 14 than
are prior art coupling apparatuses i ch use conductive coupling.
Referring nowto FIG 3, in order to further maintain a substantially
constant capacitance of capacitor 50 during pivot or rotation of the strap
18 20 about the pin 32, the selective call receiver R0 al so has neans to
limt pivoting of the strap retarrys to the case to no nore than a
presel ected nunber of degreef ], where [err\ is equal to [err]
mnus [err]. Theypresel ecte degrees [err) is equal to the
substantially dif ent nu# n angul ar di nensi on of
the first plate 22 and the \angul ar di nensi 26.
The strap 18 is

the first plate nd the ses
at extrenme limt rotation
t he capaci t gRce of BaC|
di mensi on of onl t he angu

second plate 26. The neans®30
respect to the case 14 incl



of" the cover 16 and an inside corner 64 of the case 14. In FIG 3, the
strap 18 i s

"REPLACEMENT SHEET ' 10

shown rotated about pin 32 to a maxi mum angul ar di stance in one direction.
Movenent in the one direction is Iinitedé§? alimt of pivot 87 by the edge
62 of the cover 16. Referring to Fl 4, the strap 18 is shown rotated
about pin 32 to a maxi mum angul ar di stance in another direction.
Movenent in the other 5 directionis |imted to another Iimt of pivot
89 by the inside corner 64 of the . case 14. Referring to
FIG 5, a selective call receiver 10 Ps in an alternate

embodi ment of the present imyention. Acc | ter qte enbodi nent
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of the invention, the selective call receiver 10 conprises the receiver
circuit 12 10 of conventional design enclosed within the case 70 and a
smal | er cover 71. The strap 18 is attached to case 70 by pin 32 that
is press fit into transverse hol I ow cyl i ndrical opening 30 of the
strap. The strap 18 is capable of pivotin about the case 70. As a
result of a tight press fit between the rel section 34 of pin 32
and the strap 18, the barrel section and the strap rotate together 15

wi thout relative novenment during pivoting of the strap about the case. The
pl ai n bearings between the barrel section 34 and the extension sections 36

and 38 of the pin produce a constant electrical connection between
each of the ext engphon sections and the barrel section. A top
view of the alternate ottnpent of present invention is shown in 20 FIG

6 depicting the apparatus 11w th a poriigp of the material of the strap 18
cut away to show an insulated netallic/cylinder 86 which acts as one of the
two capacitive plates. FTRe StTap 18 TNclruages preTeraply at Té&€a3t o
flexible l"ongt udlnal wrist strap 43 for securing the cas
user. The strap 18 h a transverse hpplow cylindrical op
a dianeter 83, a 84, 25 and an aXi's 85. Referring now
FIG 6, the case4oqngi at least two si des aqF has protr

of contiguous case hst  OfTE //1

§ RN N
e -----

to a

80 with
FIG 5 and
ng portions




- netallic bracket 74 in each of the

sirde formng a pair of nounts 78 and 69. Munts 78 and 69 have cavities 72
and 73, reSpectively, opposite each other. Tightly fitted into at |east one
of the cavities 72 and 73 is a netallic bracket 74 for holding an end
of at |east one of 30 the extension sections 36 and 38 of pin 32 and for
form ng an el ectrical connection witfzpin 32. The receiver circuit 12
Is electrically connected to the netallic bracket 74 by bracket
connecting wire 75. The extension sections 36 and 38 achi eve
contacting force against an arm 76 of the nmetallic bracket 74 from
spring loading supplied internal to pin 32. Advantageously, the use of a 35
UAYs & and 73 al so increases

off the strap 18 to case 70.

mechani cal strength of the 3
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In-the altern
metallic cyli
two cap
di el ectric.
24 to receive
7, the insula
di ameter 83 o
preferably a
conpressi bl e
of pin 32 is
cylindrical o

so t hat ”]59 air space 54 between t

si ze of

Il lustration.

prevents dirt
removal of th
t he insul at ed
Al ternatively,
openi ng 9{)0 So

15

20

30

35

acitive plates, and fhe material of strap 18 whi

Sél et@iNQY 368 | ebeiver signals are coupl ed fr oo

r ciqcgit 5 opigh™ capacitor 50. Referring nowto Fl
t-ed rreralllc

apE; G £KL ARFFNRIA 0P R WIS CRIERIED S

s1ale conventi ona
wat ch spring pin, r% m FEégERThe di anet er

approxi mately the di arreter 83 of the transverse 10 holl ow

pening 30. The pin 32 | %g |n opening 30 of strap 18
% of §trap is negligible. The

air space 54 is greatly exaggerated in FIG 7 for clarity
TmsAdvemai@g eelusésyin gerwaltd the fieltlvefowineless &anﬁndnittafx@n
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ati vg ; citor 50 is fornmed by the |nsul ated

nder ﬁmﬁ@mﬁﬁ SHEEIFs)e tion 34 which acts as theﬂ@ 9
c acts as

a

S

nder 86 has a larger dianeter 52 than

88 -

of
18

anf) Hors spacaHY Ao aPemarsindh 36° et i e pll)

receivers.i c cyl i nder 86 substantially surrounds pin 32.

the insulated netallic cylinder 86 has an el ongate
that the insul ated r’rﬁtalllc %Ilnder
Bac ground of the Invention

Selective call receivers or pagers mounted within a wristwatch size case
and having an antenna carried by a wristwatch style band are well known.
Wristwatches are usually removably connected to a band or strap by a
removable pin such as a conventional barrel pin or roll pin with spring loaded
extensions. When connected, the strap and the wristwatch are free to pivot
relative to each other. However, disadvantageously, known wristwatch sized
pagers are connected to known antenna-carrying wristwatch style bands by
an apparatus that is substantially different than the apparatus by which
wristwatches are usually connected to wristwatch bands. The antenna carried
by known wristwatch style bands is ele'ctricaliy coupled to the selective call
receiver within known wristwatch size cases by a direct mechanical
connection. As a result, the junction between the case and the band or strap is
disadvantageously stiff and inflexible, and the case and band cannot pivot
relative to each other. Further, antennas used with known wrist worn pagers
cannot be easily replaced because they disadvantageously require breaking
the antenna connection upon removal of an old band and making the antenna
connection upon installation of a new band. A jeweler familiar only with
conventional wristwatches and bands is not able to easily replace a band on a
known prior art wristwatch style pager without special training and
equipment. An example of a wristwatch sized pager having such a
nonstandard connection is shown in U. S. Patent No. 5,179,733 issued January
12, 1993 to Matsui.

In some known wrist worn pagers, the mechanical connection.for
electrically coupling the antenna and the receiver is in addition to another
mechanical connection for securing the case to the band, thereby
dlsadvantageously requiring two separate operatmns to change a band.
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rrerel y partially sur ORIEN_$CWEN'B§HEEFT1e ext ensi on sections 36 and 38 provi de
nmeans for pivoting sirap W respett to case 70. Because both
pi voting of the strap

capacitive 20 plateg qf gg 199650 in the alternative enmbodi nent rotate
t oget her w t hout I tlve rmve et during pivoting of strap 18, the
t han the cove RpHEL-Tehr y E ' _ | /1§

pi voting in tﬁe or#e?&gll reccf I on. e ot Ba%erg lrgsha),vr{ ﬁ‘Zgob PEFE%N& Qﬁc?tﬁsts
linit pivotinipsugdt hne2Bed988 rteclilobutanlh! and Wi Sedladent Blo. 4,769,635 dasiuednt .

The equation § eh%éi-?@dggg)td:@k&élrate the capacitance for the
alternative enb bﬁerf shown i val ue &,,;t th

capaci t ance requi owauwnswqrg mﬁeéﬁ rﬁlmwagwsiry have g mg arnjca
sel ecti ve Bal bofr&giorebetornatheithténef #ad &l ithd pm fotreledtyipgl comlivig 68 th%O
of the case, éeerlat gthe str g‘ Zcﬁgthél? (%nof .the c aC|1t1
ol at es. SRESTH, £, ABR RABST: { PHEhZSct SleF Al annecHOR ERdsEs the pin
paraneters f ononmmovablenm eequilesod speeiat pir fandttabkingpther bamd db thb &ase.r ap
change with f rQxqd rmat

g c}} wnstfv%‘ﬂPﬁEgmr?%ré’fspM ﬂﬁﬁrgs F+t¥n§ﬂlot"§zosgha at

el ectrical pro er es o

frequenci es ofsSHER MRyt &6? woGisiger-Sthlh &t als @andable S. Hatenishes 5;188/7dds e
and the di@l egstibd TV, 1992 BGUsElIASLdICS .

An example of a prior art wristwatch style pager using a spring loaded
pin to mechanically secure a band to a case is shown in U. S. Patent No.
4,817,196 issued March 28, 1989 to MacNak, et al., and assigned to the
assignee of the present invention. However, MacNak, et al., do not disclose

15 capacitive coupling of an antenna to a receiver. Further, MacNak, et al., do
not disclose the spring loaded pin participating in the electrical coupling of
the antenna to the receiver.

An example of electrically coupling a wristwatch pager to an antenna
using a mechanical connection is shown in U. S. Patent No. 5,86,431 issued

20 February 23, 1993 to Marinelli and assigned to the assignee of the present
invention. Marinelli provides satisfactory performance under most, but not
necessarily all, operating circumstances. However, Marinelli depends upon
the concave semicircular arcuate contact constantly touching the convex
semicircular arcuate contact and is affected by dirt between the concave

25 contact and the convex contact. Further, a wiping action between the concave
semicircular arcuate contact on the pager and the convex semicircular arcuate
contact on the band produces undesirable friction.

A cordless telephone with capacitive coupling of an antenna located in a
rigid hinged element to a radiotelephone located in a main body is shown in

30 U. S. Patent No. 5,170,173 issued December 8, 1992 to Krenz et al., and
assigned to the assignee of the present invention. However, Krenz et al.,,
disclose capacitors co-located with, and disposed within, the hinges.

Thus, what is needed is an apparatus for electrically coupling an antenna
carried by a detachable wristwatch style band or strap to a selective call

35 receiver mounted to a wristwatch style case, while overcoming the
deficiencies of the prior art noted above.
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debreasing capaci tance o

decreases at higher frequencie Eﬂ
capaci tor 50. Therfe EMERITE B | ternative of the enbodi nent shown
in FIGS. 1 and 2 REPEAC 12 i n which'the

capacitive plates are xterﬂ@k’ pfacds is preferably used at
hi gher frequencies. The}s zd @!?9 f 4he plates is adjusted such
t hat capacitor 50 phap a ne actance at selective call

recei ver operating f requenci eg the Inv Dependi ng on the type of
antenna and the frequengy_of n“crm.uu %f € ?Qb%fb tance C of capacitor

50 alone is enough to resonate the antenna. The antenna used i n nost
wrist carried sel edDhe aspert bf tecpregentinventioh &04n appRabes to facilitate wearing a

selective call receiver on a wrist. The selective call receiver is supported by a
5 case. The apparatus has a strap rotatably connected to the case for securing -
the case to a wrist, and an antenna carried by the strap. The apparatus,
comprises a capacitor having a first plate and a second plate spaced a
preselected distance. The first plate is fixed on the case and electrically
coupled to the selective call receiver, and the second plate is fixed to the strap

10 and electrically coupled to the antenna.- The apparatus also comprises means,
separate from the first plate, for pivoting the strap with respect to the case.
The apparatus further comprises means, separate from the second plate, for
maintaining the preselected distance between the first plate and the second
plate during pivoting of the strap with respect to the case. _

15 . Another aspect of the present invention is a selective call receiver. The
selective call receiver comprises a receiver circuit and a case for holding the
receiver circuit. The case has a pair of mounts, and at least one mount is
electrically coupled to the receiver circuit. The selective call receiver further
comprises at least one longitudinal strap for securing the case to a user having

20  two sides with a transverse hollow cylindrical opening having a diameter and
an axis and extending between the two sides. The selective call receiver also
comprises an insulated metallic cylinder having a diameter larger than the
diameter of the opening, and the cylinder is coaxially imbedded within the at
least one strap. An antenna is carried by the at least one strap and electrically

25 coupled to the cylinder. The selective call receiver further comprises a
metallic cylindrical pin having a diameter approximately the diameter of the
opening, the pin removably mounted to the pair of mounts to form an
electrical connection with the at least one mount and removably positioned

_ coaxially within the opening to capacitively interact with the cylinder.

30 A further aspect of the present invention is an apparatus for coupling an
antenna supported by insulating material to a selective call receiver supported
by a case. The insulating material is pivotally mounted to the case by two
hinges. The device comprises a capacitor located intermediate the two hinges.
The capacitor has a first plate located on the case and a second plate located

35 on the insulating material. The device also comprises means for maintaining
capacitance of the capacitor substantially constant during pivoting of the
insulating material with respect to the case.
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Irnductive, capacitive tul’ng I's used. Thg type of antenna greatly

influences 10 the anpunti ol ccRPQCigHeNde [needed at the apparatus 11 for
ant enna resonance. ternatively, {a|dipole antenna is used. A dipole
antenna is also el ectrijcaty smatt; |hayever, unlike a | oop antenna, a
di pol e antenna is capacjtive in nat ure. Therefore, inductive | oading
is used in order to enploy cap | PR P Y '-@Qge antennas are
designed to be able to use cap?ci'liétfaryn%gn&no?#%‘g@gﬁwi for antenna
resonance. In the |lower VHF frequencies, a multiple turn | oop ant enna
wound around a ferFliG.el risc iperspesition), Ipartisly. exglpdedd; anew of a2sela@iyecall
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di mensions._The effect|veness of ferrjte decreases wth’increasing _ °
frequency. 9 apparabis for electrsally, éoanb@&th%anﬁem doithe seleqtive 3l eeceimen inoop
antenna at UHFact@rddnowRAthe préfefredidmBodinté it of Re phekeat atveationhi ch in
turn can nmeke the F];%gdf:sa ach fanc | ue resopnance.extrene mal | .. So,

v fo
the ferrite is not 864 sk i B a1PRPRSLe R bls A da g
at UHF frequenEi(esl asgeehtirough lihe quehtiFES, 1.a capaci tance of 1-10 pF is

O and | ow o f g RERiekbal vew G @RCBARS SHERH ARG, Rnifire
capaci t ancl) of limitof pivot pfthestrapsim onre@isectiony on
FIG. 4 is a side view of the apparatus shown in FIG. 1 showing limit of
pivot of the strap in another direction.
FIG. 5 is a perspective, partially exploded, view of another embodiment
of the apparatus for electrically coupling the antenna to the selective call

15 receiver in accordance with the preferred embodiment of the present

invention.
FIG. 6 is a top view of a portion of the apparatus shown in FIG. 5.
FIG. 7 is an enlarged side view of a portion of the apparatus shown in
FIGS. 5 and 6 as seen through line y -y in FIG. 6.
20 FIG. 8 is simplified schematic diagram showing a capacitor of the present
invention and a matching circuit between the antenna and the receiver.

Description of the Preferred Embodiment

25 Referring now to FIG. 1, a selective call receiver 10, such as a pager, is
shown mounted in a wristwatch style case 14, preferably made of plastic. The
operation of the selective call receiver 10 is well known to those skilled in the
art. The selective call receiver 10 comprises a receiver circuit 12 supported by
the case 14. The selective call receiver 10 is enclosed within the case 14 and a

30 cover 16. A strap 18 having at least one end 13 is used to facilitate wearing the
selective call receiver 10 on a wrist of a user. The at least one end 13 of the
strap 18 is preferably similar to an end of a standard wristwatch band. Each
of the at least one end 13 of the strap 18 is removably, rotatably connected to
opposite sides 15 and 17 of the case 14.

35 The apparatus 11 for coupling an antenna to the selective call receiver 10
comprises a capacitor 50 having two capacitive plates, the two capacitive
plates being a first plate 22 and a second plate 26 spaced a preselected



: REPLACEMENT SHEET
ant enna di mensi ons. REPLACEMEW: SHRE rlesonance is achi eved V\,hePn t he
reactance is zero. The feactive canponent of a small |oop antenna is
nmodel ed as an inducto ha\qlmﬂgs,/eﬂq% ~inductance L connected in series

wi th capacitor 50. Thergfore at resonfance, 30 the capacitance of capacitor
50 is C= 1/ [err]L.} The—setf—tnductance 4 of a circular | oop of w.re
I's given by equation [5): [err]

REPLACEMENT SHERInce 51 (FIG. 2). The case 14 includes a substantially arcuate concave >
recess 20 on at least one of the opposite sides 15 and 17 adapted to receive the
first plate 22. As shown in FIG. 2, the first plate 22 is an arcuate portion of a
cylinder having an axis 23, a length 31, L, a radius 35, R, and an angular

5 dimension 63, a. Referring again to FIG. 1, the first plate 22 is mounted

within the substantialiy arcuate concave recess 20 to form a concave portion of
an external surface of the case 14 at one of the opposite sides 15.
Alternatively, as shown in FIG. 2, the first plate 22 is embedded a distance 55
within the case 14 at one of the opposite sides 15 by plastic molding methods

10  well known to those skilled in the art. The first plate 22 is electrically
connected by connecting conductor 28 to the receiver circuit 12.

The strap 18 is preferably flexible and made of a plastic or injection
moldable, electrical insulating material. The strap 18 is longitudinal and has
two sides 19 and 21. The strap 18 has a transverse hollow cylindrical opening

15 30 having an axis 29 and extending between the sides at the at least one end
13. Anantenna 24, preferably a flexible antenna, is disposed within the strap
18. The antenna 24 is preferably a thin, flat longitudinal strip as shown in FIG.
1; alternatively, the antenna is a wire. The antenna 24 is electrically connected
at one end 25 to the second plate 26. The second plate 26 is disposed entirely

20  within the material of the strap 18 coaxially with the transverse hollow
cylindrical opening 30. The operation of embedding the antenna 24 within the
strap 18 and forming opening 30 by insert molding techniques is well known
to those skilled in the art. A distance 49, shown in FIG. 2, is therefore obtained
between the second plate 26 and the external surface 48 of the strap 18.

25 The second plate 26 is an arcuate portion of a cylinder having an axis, a
length 31, L, a radius 37, r, and an angular dimension 65, f, where B is
substantially larger than o, but less than 270 degrees. Alternatively, the
angular dimension 65, B of the second plate 26 is substantially smaller than
the angular dimension o of the first plate 22. In any event, in the preferred

30 embodiment, the first plate 22 and the second plate 26 comprise arcuate
portions 39 and 41, respectively, of cylinders (not shown, except for the
arcuate portions), and each of the arcuate portions subsumes a substantially
different number of degrees.

The strap 18 is attached to case 14 using a pin 32, preferably, a

35 conventional compressible watch spring pin, snugly fitted through the
opening 30 in the strap 18. Advantageously, the pin 32 is a type with which
jewelers are familiar and therefore can install and remove using conventional

(W
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where [err] is the pBEHb%QﬂMENtTySIﬁETt ewire, [err] is the perrir:eability of
,frgebs.pac;:a,h a i TTe Tadi us ¢f {the wire used for the | oop antenna,

an i's e radi us | qog. If the radius of the wire is 1.6

and the radius of tj ?SNIO\S, ?93 gm the self inductance L is ™
approximately 0. 1614 'orle, tlge capacitance C 5 = 5.1 pF
produced by the app‘arat us 11 showmn in FIG 1 is sufficient to achieve
resonance.

With i rrpedanctgd"mques nﬁfir?ﬁf 38 gﬁgﬁ&ggﬁ@%@ﬂg%@éﬂ%ﬁ?@ T tﬁq%ﬁ%ﬁ%r&am
shown in FI Gst&da-da/vnstwatchlhagtdmithout axmaptemae erra material pptherstean 1&n of
Il ustration. Aﬁla‘?%s%ﬂe%@&#ﬁd gnpate g@?ﬁﬁh l?ﬁ@pu{ff é’dlm ﬁsgéﬁﬂrréﬁ s

i nductive at I‘atl nci nd is
capaci tivel y segtied 34A1avm@@|daameter tand havpréﬂaﬁ@élsmn Sech% Sg ah

circuitrysof &hey ézediﬁh'ié@érthéﬁ dhd dihéndter BEHHRI Barfé sb&tion E'I'lﬁéldxtleﬁsmn
apprOX| mately 146. err

circuitry  sectigns @@énfl é\r9éPnE‘5ﬁ£‘t‘B£? rgsi’igﬁlés‘éﬁm%e#?ﬂﬁqq SS%%) o3l i ng
ICapgg ;tng; 2 ]9 ,g. aiiﬂ?ar?? righis fofined betwediPeaheofithe dxtensivorgeatjane 8§ andB38h t he
i gg cdance of qugﬁ}% e%w??@hgﬂgﬁg e Ba&gpsfé ﬂfn‘ﬁo i ‘Eélﬁf(:;lﬁé %chg{él Enr::g dance
of the conbi r@gtemo_msaenm - apparatus 11 circui t (146.04 [err]) to
an input g rcui t rgy HBeHa Bpposite sided 15 30d 17V the @se 14 has a pair of mounts
56 and 57, and 58 and 59, respectively, protruding from the external surface 48
of the case and preferably made from material contiguous with material of the
case. The mounts 56 - 59 are separate from the first plate 22 and the second
plate 26. Each of the opposite sides 15 and 17 of the case 14 is substantially
15 similar; therefore, only one of the opposite sides 15 will be described in detail.
The mounts 56 and 57 have cavities 60 and 61. One of the cavities 60 onone of -
the mounts 56 opposes another of the cavities 61 on another of the mounts 57.
The cavities 60 and 61 are sized to snugly hold the extension sections 36 and
38 of the pin 32. The cavities 60 and 61 are within the material of the case 14;-
20 therefore, the pin 32 is insulated from the receiver circuit 12 and from all other
electrical components of the selective call receiver 10. The cavities 60 and 61
are disposed on the case 14 at a predetermined distance 45 from the external
surface of the case to allow for rotation of the at least one end 13 of the strap
18 about the case when the strap is mounted to the case by the pin 32. The
25 cavities 60 and 61 on the mounts 56 and 57 cooperate with the extension
sections 36 and 38 of pin 32 to form two hinges. When the strap 18 is
connected to the case 14, the axis of the second plate 26 is coaxial with the axis
23 of the first plate 22. The strap 18 is capable of pivoting about the case 14.
During pivoting of the strap 18, the axis of the first plate 22 and axis 23 of the
30 second plate 26 remain coaxial. Furthermore, the strap 18 remains a fixed
distance 53 from the case 14 during pivoting which advantageously allows the
apparatus 11 to be relatively unaffected by friction as compared to prior art
coupling apparatuses.
Capacitive engagement of the first plate 22 with the second plate 26
35 electrically couples the antenna 24 to the selective call receiver 10. The fixed
distance 53 is chosen to allow capacitive coupling between the first plate 22
and the second plate 26 at selective call receiver operating frequencies.
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capacitor 80 is preferfb . md—shunt capacitor 82 is preferably 8.7
pFI.O 20 The couploi ng cap ll-ﬁ;F'ﬁblgfﬂi@E}'h shunt capacitor 82 are used
primarily for i nppdhnce matching goj i nput circuitry of receiver
circuit 12 and have mhof 19 NOY 19mgt ant enna resonance. FI G
8 shows the apparatus fl1} on both of the opp95ite sides 15 and 17 of

case 14. On one of thef o ' 19 of “the case 14, capacitor 50 acts
to 25 resonate the a sel ectli ve cal| receiver _ogﬁrati nlg
frequenci es. OMaintenazgg is sequiged ta maintaim the-praselegted; he

i nvention coupldsanfobBétween the fidstOplatd® Md Sie'Gecdfdiplate 25 ) dhdictbtiena t he
0 i S..not rggw red

1
receiver circuit 12 through a her capacitqr 40.
that the pr eseﬁpnf’ltﬁvtﬁﬂaﬁﬂaﬁré& JMeang, g‘é‘t‘ s 15

| t
T maintyying e prrselspisddiptance
and 17 of the betwedmthe@irseplatsl?2 antiehe sberiDplat2@dusingpiveting dhelatie the

antenna, the i ' ' ed on.only o t he site,sid 5 of
the cace 145 +otand BerkSat pE LR IEAaR 3T ofthd o 32 spt AV SARP Ta oy i
antenna at hi glsaugifitbgtween the extendion sections@6iarst 238 of $@Pin32 arad the cavitiasy
smal | capaci t agpgnidssineeded to cancel inductive reactance of the antenna
in order to bring antenna to, resgnance. In these instances, the other
35 capacitor 40 |§ch-d'ﬁ Wﬁagsmaégeﬁpm‘egwatfiqmrmcefﬁhe.sa@EM9 on the

anot her ofportién op fesstiap 38 sleewh In FIG! Dex&dptehdidhe Firs EpMEL2Z RMowRNCe
to a value;gee aﬁgmatively embedded the distance 55 within the case rather than at the
external surface 44 of the case. Preferably, the distance 55 is approximately 0.5
mm. Capacitor 50 is formed by first plate 22, material of the case 14, an air
gap 46, material of the strap 18, and second plate 26.
Referring to FIG. 2, the capacitance C of the capacitor 50 is described by
15 the following equation:

C- _ EEESL

(z+x) (r+x+y) R 1)
Elﬁzln (—;—) + 8183 In &%) + 6283111 ((r+x+y)

wherein &, is the permittivity of free space, €; is the dielectric constant of the

20 material of the case 14, €; is the dielectric constant of air, £3is the dielectric
constant of the material of the strap 18; I is, in general, the angular dimension
of the angularly smaller of the first plate 22 and the second plate 26, however
in the preferred embodiment « is the angular dimension of the first plate 22;
L is the length of the first plate 22 and of the second plate 26; R, 35, is the

+ 25 radius of the arc of the first plate 22; r, 37, is the radius of the arc of the second

plate 26; y is the ring segment radius of the air gap 46 between the external
surface 44 of the case 14 and the external surface 48 of the strap 18; and x is
the ring segment radius of a portion of the material of the strap between the
second plate and the external surface of the strap. The portion of the material

30  of the strap 18 between the second plate 26 and the external surface 48 of the
strap acts as a dielectric. The equation (1) is used to calculate capacitance C of

~ capacitor 50 in the preferred embodiment with three different materials

between the two capacitive plates of the capacitor: material of the case 14, air
gap 46, and material of the strap 18. The capacitor 50 is equivalent to three
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capacitance is C =l/c, +V/c, +1/c; . The capacitance value varies with
dielectric material chosen, the plate dimensions, and the plate spacing. For
example, equation (1) with dielectric constants of €;=5.1, €,=1, £3=9, £,=8.85 x
1012 farads/meter; plate dimensions of L=12.7 mm, 0.=135 degrees, R=2.4
mm, and r=1.4 mm; ring segment x=0.4 mm, and ring segment y=0.1 mm,
results in a capacitance C of 2.1 pF. The relatively low capacitance of 2.1 pF is
due to the relatively large (1,0 mm) preselected distance 51 between the first
plate 22 and the second plate 26. As a result, the apparatus 11 having the
foregoing dimensioris is most effective at selective call receiver operating
frequencies above 130 MHz.

Alternatively, the first plate 22 is mounted on the external surface 44 of
the case 14 and the second plate 26 is embedded within the strap 18. The
capacitance C for this first alternative is calculated as follows:

.. EoEEs0L |
) Ealn((b;—x))+831n (;lf—x)) . @

Equation (2) for C with dielectric constants of €= 1,€3=9, and 9= 8.85 x 10-12
farads/meter; plate dimensions of o = 180 degrees; L = 14.3 mm; R = 1.8 mm;
r = 1.4 mm; and ring segment x = 0.3 mm and ring segment y = 0.1 mm, results
in a capacitance of 5.1 pF. It has been found that this first alternative is
effective at all frequencies presently assigned by the Federal Communication
Commission (FCC) for paging systems.

In a second alternative, not shown, the first plate 22 is embedded within
the case 14 and the second plate 26 is on the external surface 48 of the strap 18.
In the second alternative, the second plate 26 forms a convex portion of the
external surface 48 of the strap 18. The capacitance for the second alternative
is calculated by equation (3) for C as follows:

REPLACEMEN] oher!
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The lack of any dielectric, other than air, between the capacitive plates in the
third alternative, limits the capacitance; therefore, the third alternative is
preferably used at frequencies above 130 MHz.
Because the invention uses capacitive coupling to transfer electrical

15 energy from the antenna 24 to the receiver circuit 12, the invention is less
adversely affected by any dirt between the strap 18 and the case 14 than are
prior art coupling apparatuses which use conductive coupling.

Referring now to FIG. 3, in order to further maintain a substantially

constant capacitance of capacitor 50 during pivot or rotation of the strap 18

20  about the pin 32, the selective call receiver 10 also has means to limit pivoting
of the strap relative to the case 14 to no more than a preselected number of
degrees 27, 6, where 6 is equal to B minus a. The preselected number of
degrees 6 is equal to the substantially different number of degrees between
angular dimension of the first plate 22 and the angular dimension of the

25  second plate 26. The strap 18 is mounted to the case 14 to provide that the gap
between the first plate 22 and the second plate 26 is angularly equal to o. even
at extreme limits of rotation. By limiting the rotation to 6 degrees, the
capacitance of capacitor 50 is calculated using the angular dimension of only
the angularly smaller of the first plate 22 and the second plate 26. The means

30  tolimit pivoting of the strap 18 with respect to the case 14 include an edge 62
of the cover 16 and an inside corner 64 of the case 14. In FIG. 3, the strap 18 is

10
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capaci tives pl giRetifss ilfted to another limit of pivot 89 by the inside corner 64 of the
case 14.
Referring to FIG. 5, a selective call receiver 10 is shown in an alternate
embodiment of the present invention. According to the alternate embodiment
of the invention, the selective call receiver 10 comprises the receiver circuit 12
10  of conventional design enclosed within the case 70 and a smaller cover 71.
The strap 18 is attached to case 70 by pin 32 that is press fit into transverse
hollow cylindrical opening 30 of the strap. The strap 18 is capable of pivoting
about the case 70. As a result of a tight press fit between the barrel section 34
of pin 32 and the strap 18, the barrel section and the strap rotate together
15  without relative movement during pivoting of the strap about the case. The
plain bearings between the barrel section 34 and the extension sections 36 and
38 of the pin produce a constant electrical connection between each of the
extension sections and the barrel section.
A top view of the alternate embodiment of present invention is shown in
20 FIG. 6'depicting the apparatus 11 with a portion of the material of the strap 18
cut away to show an insulated metallic cylinder 86 which acts as one of the
two capacitive plates. The strap 18 includes preferably at least one flexible
longitudinal wrist strap 43 for securing the case70 to a user. The strap 18 has
~ a transverse hollow cylindrical opening 30 with a diameter 83, a length 84,
25 and anaxis 85. Referring now to FIG. 5 and FIG. 6, the case 70 has at least two
sides and has protruding portions of contiguous case material on at least one
side forming a pair of mounts 78 and 69. Mounts 78 and 69 have cavities 72
and 73, respectively, opposite each other. Tightly fitted into at least one of the
cavities 72 and 73 is a metallic bracket 74 for holding an end of at least one of -
30 the extension sections 36 and 38 of pin 32 and for forming an electrical
connection with pin 32. The receiver circuit 12 is electrically connected to the
metallic bracket 74 by bracket connecting wire 75. The extension sections 36
and 38 achieve contacting force against an arm 76 of the metallic bracket 74
from spring loading supplied internal to pin 32. Advantageously, the use of a
35 metallic bracket 74 in each of the cavities 72 and 73 also increases mechanical
strength of the attachment of the strap 18 to case 70.
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In the alternative embodiment, capacitor 50 is formed by the insulated
metallic cylinder 86, the barrel section 34 which acts as the other of the two
capacitive plates, and the material of strap 18 which acts as a dielectric.
Selective call receiver signals are coupled from antenna 24 to receiver circuit
12 through capacitor 50. Referring now to FIG. 7, the insulated metallic
cylinder 86 has a larger diameter 52 than diameter 83 of transverse hollow
cylindrical opening 30. Pin 32 is preferably a metallic cylindrical pin such as a
conventional compressible watch spring pin, having a diameter 88. The
diameter 88 of pin 32 is approximately the diameter 83 of the transverse
hollow cylindrical opening 30. The pin 32 fits snugly in opening 30 of strap 18 -
so that the air space 54 between the pin and the strap is negligible. The size of
air space 54 is greatly exaggerated in FIG. 7 for clarity of illustration.

- Advantageously, a snug fit between pin 32 and strap 18 prevents dirt from

accumulating in air space 54, while still allowing removal of the pin using
conventional jeweler's techniques. Preferably, the insulated metallic cylinder
86 substantially surrounds pin 32. Alternatively, the in_sulafed metallic
cylinder 86 has an elongate opening 90 so that the insulated metallic cylinder
merely partially surrounds pin 32. The extension sections 36 and 38 provide
means for pivoting strap 18 with respect to case 70. Because both capacitive
plates of capacitor 50 in the alternative embodiment rotate together without
relative movement during pivoting of strap 18, the alternative embodiment
has an advantage of not needing means to limit pivoting of the strap.
Therefore, the smaller cover 71 is smaller than the cover 16 because edge 62 -
(FIG. 2) is not needed to limit pivoting in the one direction. Of course, there is
also no need to limit pivoting in the other direction in the alternative
embodiment. The equation (4) is used to calculate the capacitance for the
alternative embodiment shown in FIGS. 5 -7. '
The value of the capacitance required for coupling is determined by the
following: selective call receiver operating frequencies, antenna type, material
of the case, material of the strap, and the geometry of the capacitive plates.
The dependence on frequency is implicit, in that most parameters for the
material of the case and the material of the strap change with frequency. At
frequencies of approximately 40 MHz, the electrical properties of plastic
materials are more favorable than at frequencies of approximately 900 MHz
because material losses increase and the dielectric constant of many plastics
decreases at higher frequencies, thereby decreasing capacitance of capacitor
50. Therefore, the third alternative of the embodiment shown in FIGS. 1 and 2
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frequencies. thatis electrically small relative to wavelength. Since a loop antenna is
inductive, capacitive tuning is used. The type of antenna greatly influences
10  the amount of capacitance needed at the apparatus 11 for antenna resonance.
Alternatively, a dipole antenna is used. A dipole antenna is also electrically
small; however, unlike a loop antenna, a dipole antenna is capacitive in
nature. Therefore, inductive loading is used in order to employ capacitive
tuning. Dipole antennas are designed to be able to use capacitance of 1 - 10 pF
15 for antenna resonance. In the lower VHF frequencies, a multiple turn loop
antenna wound around a ferrite rod is typically used. Capacitance of 2 -10 pF
for capacitor 50 is acceptable for resonance, depending on antenna
dimensions. The effectiveness of ferrite decreases with increasing frequency.
Also, an excessive amount of turns for a multiple turn loop antenna at UHF
20 frequencies can cause excessive inductance, which in turn can make the
capacitance value for resonance extrerhely small. So, the ferrite is not used
and the number of turns of loop is decreased at UHF frequencies. At UHF
- frequencies, a capacitance of 1 -10 pF is acceptable for resonance, depending
on antenna dimensions. At upper UHF and low GHz frequencies, a small
25  single turn loop antenna and capacitance of 0.5 - 10 pF is used, depending on
antenna dimensions.

Antenna resonance is achieved when the reactance is zero. The reactive
component of a small loop antenna is modeled as an inductor having self
inductance L connected in series with capacitor 50. Therefore at resonance,

30  the capacitance of capacitor 50 is C = 1 / w2L. The self inductance L of a
circular loop of wire is given by equation (5):

L=p,b (ln(jgkl)‘z)‘_il (5)
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the self inductance L is approximately 0.1614 pH. Therefore, the capacitance C
= 5.1 pF produced by the apparatus 11 shown in FIG. 1 is sufficient to achieve
resonance.

FIG. 8 shows a schematic diagram of the antenna 24 with impedance
matching and resonance components. The antenna 24 shown in FIG. 8 isa
single turn loop antenna for simplification of illustration. As previously
described, the anterna 24 in strap 18 is inductive at selective call receiver
operating frequencies, and is capacitively tuned. At resonance, the impedance
seen by input circuitry of the receiver circuit 12 is purely resistive and is
approximately 146.04 Q when copper wire is used. When the input circuitry
of the receiver circuit 12 is slightly inductive, coupling capacitor 80 and shunt

‘capacitor 82 are used to conjugately match the impedance of a combined

antenna 24 - apparatus 11 circuit to the impedance of the input circuitry. For
example, to match the impedance of the combined antenna 24 - apparatus 11
circuit (146.04 Q) to an input circuitry impedance of 50 + j90, coupling
capacitor 80 is preferably 40.4 pF and shunt capacitor 82 is preferably 8.7 pF.
The coupling capacitor 80 and the shunt capacitor 82 are used primarily for
impedance matching to input circuitry of receiver circuit 12 and have minor
effect on antenna resonance.

FIG. 8 shows the apparatus 11 on both of the opposite sides 15 and 17 of
case 14. On one of the opposite sides 15 of the case 14, capacitor 50 acts to
resonate the antenna 24 at selective call receiver operating frequencies. On
another of the opposite sides 17 of the case 14, the invention couples another
end of the antenna 24 to a ground within the receiver circuit 12 through a
other capacitor 40. It is not required that the present invention be used on
both of the opposite sides 15 and 17 of the case 14. Of course, when the
antenna 24 is a dipole antenna, the invention is used on only one of the
opposite sides 15 of the case 14. However, in some instances, especially when
using a loop antenna at higher frequencies, such as approximately 900 MHz, a
very small capacitance is needed to cancel inductive reactance of the antenna
in order to bring the antenna to resonance. In these instances, the other
capacitor 40 is added in series with capacitor 50 and preferably on the another
of the opposite sides 17 of the case 14 to reduce capacitance to a value needed
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capacitance versions of the apparatus 11 on both of the opposite sides 15 and
17 of the case 14, thereby forming a smaller capacitor from two larger series
capacitors (capacitor 50 and the other capacitor 40), is economically preferable

5 to using a smaller capacitance version of the apparatus on.only one of the
opposite sides 15 of the case because the same larger capacitance version of
the apparatus is alternatively available for use on only one of the opposite
sides 15 of the case of other selective call receivers operating at lower
frequencies.

10 The apparatus 11 and the antenna 24 are designed so that minor dust or
dirt between first plate 22 and second plate 26 will not have an adverse affect
on the circuit performance. For example, at lower selective call receiver
operating frequencies, a desired value of capacitor 50, which was herein above
stated to be in the range of 2 - 10 pF, is closer to 10 pF than to than 2 pF.

15  Minor dust or dirt between first plate 22 and second plate 26 would not have a
significant affect on a capacitance value that is close to 10 pF, and circuit
performance is not compromised. Although FIG. 8 shows capacitors being
used for impedance matching, inductors or any other type of impedance
matching circuitry is alternatively used with the invention.

20 . While a detailed description of the preferred embodiments of the
invention has been given, it should be appreciated that many variations can
be made thereto without departing from the scope of the invention as set forth
in the appended claims. For example, while it is preferred that the angular
dimension of the capacitive plate mounted on the case be smaller than the

25  angular dimension of the capacitive plate mounted on the strap, it is also
contemplated that the angular dimension of the capacitive plate mounted on
the case be larger than the angular dimension of the capacitive plate mounted
on the strap. In addition, although it is preferred that the capacitive plate
mounted on the case be concave and the capacitive plate mounted on the

30 strap be convex, it is also foreseen that the capacitive plate on the case be
convex and the capacitive plate on the strap be concave. Moreover, there are
many different antenna configurations that can be used with the invention.
Also, although it is preferred that the apparatus be used when wearing a
selective call receiver on a wrist, it is foreseen that the selective call receiver be

35 worn onanother part of a person's body. Further, the invention is not limited
to selective call receivers but can be used with other types of receivers and
with transmitters and transceivers. In addition, the capacitive plates and the
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1. Anapparatus to facilitate wearing a selective call receiver on a wrist, the
selective call receiver supported by a case, the apparatus having a strap for
securing the case to a wrist, the strap rotatably connected to the case, and a
flexible antenna carried by the strap, comprising;:

a capacitor having a first plate and a second plate spaced a preselected
distance, the first plate fixed on the case and electrically coupled to the
selective call receiver, the second plate fixed to the strap and electrically
coupled to the flexible antenna;

means for pivoting of the strap with respect to the case, the means for
pivoting being on the case and separate from the first plate; and

means for maintéining the preselected distance between the first plate
and the second plate during pivoting of the strap with respect to the case, the
means for maintaining being on the strap and separate from the second plate.

2.  The selective call receiver of claim 1, in which the preselected distance is
selected to produce a capacitance having negligible reactance at selective call
receiver operating frequencies.

3. The selective call receiver of claim 2 in which the first plate forms an
external surface of the case.

4. The selective call receiver of claim 2 in which the second plate forms an
external surface of the strap.

5.  The selective call receiver of claim 1 in which the first plate is without the
means for pivoting the strap with respect to the case.

6. The selective call receiver of claim 1 in which the second plate is without
the means for maintaining the preselected distance between the first plate and
the second plate during pivoting of the strap with respect to the case.

7. The selective call receiver of claim 1, including means to limit pivoting of
the strap with respect to the case to a preselected number of degrees.
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10. The selective call receiver of claim 9 in which the preselected number of

degrees is equal to the substantially different number of degrees.
10

11. A selective call receiver, comprising:

a receiver circuit;

a case for holding the receiver circuit, the case having a pair of mounts, at
least one mount electrically coupled to the receiver circuit;

15 at least one longitudinal strap for securing the case to a user having two
sides with a transverse hollow cylindrical opening having a diameter and an
axis and extending between the two sides;

an insulated metallic cylinder having a larger diameter than the diameter
of the transverse hollow cylindrical opening, the insulated metallic cylinder

20  coaxially imbedded within the at least one longitudinal strap;

" an antenna carried by the at least one longitudinal strap and electrically
~ coupled to the insulated metallic cylinder; and
a metallic cylindrical pin having a diameter approximately the diameter
of the transverse hollow cylindrical opening, the metallic cylindrical pin

25 removably mounted to the pair of mounts to form an electrical connection
with the at least one mount and removably positioned coaxially within the
transverse hollow cylindrical opening to capacitively interact with the
insulated metallic cylinder.

30 12. Theselective call receiver of claim 11 in which the metallic cylindrical
pin interacts with the insulated metallic cylinder to produce a capacitance
having negligible reactance at selective call receiver operating frequencies.

-13. The selective call receiver of claim 11 in which the at least one
35 longitudinal strap is capable of pivoting about the case at the transverse
hollow cylindrical opening.
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5 the metallic cylindrical pin is sized to fit snugly into the transverse
hollow cylindrical opening, and
the at least one longitudinal strap and the metallic cylindrical pin rotate
together without relative movement.

10 16. The selective call receiver of claim 11 in which the insulated metallic
cylinder substantially surrounds the metallic cylindrical pin.

17.  The selective call receiver of claim 11 in which the case and the pair of
mounts are formed of contiguous material.

15 :
18. An apparatus for electrically coupling an antenna supported by
insulating material to a selective call receiver supported by a case, the
insulating material being pivotally mounted to the case by two hinges,
comprising:

20 a capacitor disposed intermediate the two hinges, the capacitor having a

first plate on the case and a second plate on the insulating material; and
means for maintaining capacitance of the capacitor substantially
constant during pivoting of the insulating material with respect to the case.

25 19. Theapparatus of claim 18 in which
- each of the two hinges have a portion on the case and another portion:
on the insulating material, and
the case and the portion of each of the two hinges on the case are
formed of contiguous material.
30 _
20. The apparatus of claim 19 in which _
~ the first plate forms a concave portion of an external surface of the case,
and ' '
. the second plate forms a convex portion of an external surface of the
35 insulating material.
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APPARATUS FOR COUPLING AN ANTENNA TO A WRIST CARRIED
SELECTIVE CALL RECEIVER

Abstract of the Disclosure

An apparatus couples signals from a flexible antenna (24) in a strap (18)
to a selective call receiver (10) in a case (14) such as a wristwatch style case
through a capacitor (50) formed by a first plate (22) on case and a second plate
(26) on strap. The strap is removably mounted to case by a pin (32) such as a
conventional wristwatch pin positioned through an opening (30) in strap. The
pin is held by cavities (60 - 61) on mounts (56 - 59) formed of contiguous
material protruding from case and separate from first plate to allow pivoting
of strap relative to case. The capacitor (50) is separate from mounts (56 -59)
and is located between the mounts. The first plate and the second plate form
a portion of an external surface (44) and (48) of case and strap, respectively. In
another embodiment, capacitor (50) is formed by pin (32) and second plate
(26) which rotate together without relative movement during pivoting of
strap.

Fig. 1 & 5



