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TIME-DUPLEX WIRELESS TELEPHONE WITH
IMPROVED_ HEARING-AID COMPATIBILITY
FIELD OF THE INVENTION
The present invention relates generally to a time-
duplex wireless telephone that reduces magnetic

coupling between the wireless telephone and hearing
aids. '

BACKGROUND OF THE INVENTION

Time-duplex wireless telepheones are used throughout
the world and are employed in cellular systems such as
the Buropean GSM system, the U.S. IS54 system and the
Japanese PDC system. Time-duplex wireless telephones
are wifeless telephones that intermittently transmit '
speech with a transmitter and receive speech with a
receiver. The transmitter operatea.for a short time
slot in a repetitive frame period to transmit speech to
a base station alternating with the receiver operating
in a different short time slot to receive speech from
the base station. Time-duplex wireless telephones are
advantageous in not requiring simultaneous transmission
and reception, allowing costs to be reduced and giving
longer battery life.

One problem with time-duplex wireless telephones is

, that the transmitter consumes higher current from the

battery than the receiver. This causes the current
drawn from the battery to be cyclic at the frame
repetition rate. The cyclic current gives rise to an

| MPROVED HEARI NG- Al D

PCT/USS7/01147



FI ELD OF THE | NVENTI ON The present invention relates generally to

a tine- dupl ex wirel ess tel ephone that reduces nmagnetic coupling
bet ween the wirel ess tel ephone and hearing ai ds.

BACKGROUND QETHE LNVENTI ON 5 Ti me- dupl ex wirel ess tel ephones are
used t hroughout the world and are enployed in cellul &€ BH47 such
as . the European GSM system the U S. 1S54 system and the

Japanese PDC system Tine-duplex wirel ess tel ephones are wirel ess

tel ephones that intermttently transmt 10 speech with a transmtter and
recei ve speech with a receiver. The t&ansnmitter operates for a short
tinme slot in a repetitive frane period to transmt speech to a
base station alternating with the receiver operating in a different

short time sl oty i 4 Raiie e 30RERTS LI AN diimer 1tN83 073 4 1 WA cauhle™- dUPI ex
wi rel ess tel ephones are advant ageo i onot Te arring siTtaneous
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| onger battery 91d gnagnetic coupling that may occur between a wireless
telephone and certain hearing aids may generate noise
S or hum in the hearing aid making use of the wireless
telephone less than optimal.

A wireless telephone is needed that will reduce
magnetic coupling and hum generated in certain hearing
aids when a person with a hearing aid uses the wireless

10 telephone. Unrelated art areas have addressed magnetic
coupling and techniques for reducing magnetic coupling
have been referred to as “humbucking”. For example, in
certain types of antique radio sets that operated from
the AC supply hum at one or two times the supply

15 frequency could originate in a number of ways.

One particular source of hum was use of a
loudspeaker having an electromagnet instead of a
permanent magnet. The electromagnet‘s coils served a
dual purpose and also provided a smoothing inductance

20 for the main supply rectifiers. In removing supply
ripple from the supply, the speaker’s electromagnet
caused an AC field at the ripple frequency which
induced a hum component into the speaker armature coil.
To remove this, a known practice was to provide an

25 -~ auxiliary winding around the electromagnet’s coil to
obtain a sample of the ripple signal by transformer
action. This was then added in antiphase in series
with the speaker’s armature coil to cancel hum. The
extra winding was known as a *humbucking coil” and

30 | functioned to cancel an internal voltage fed to the
speaker. '

Another source of hum that was reduced by a
Eechnique known as “humbucking” occurred when directly
heated filament tubes were connected to an AC filament

s suppiy. 1f one end of the filament was grounded and
the other connected to an AC filament supply, then part
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transmtter consunes higher current fromthe battery than the
receiver. This causes the current drawn fromthe battery to be cyclic
at the frane repetition rate. The cyclic current gives rise to an
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2 - alternating transm ssion magnetic field that nay cause

magnetic coupling with certain types of hearing aids. The magnetic
coupling that may occur between a wreless t el ephone and certain
hearing aids nmay generate noise 5 or humyin the hearing aid naking use

of the wireless

of the filament, which was also the cathode, would have
a line-frequency voltage relative to the control grid.
This line freguency voltage caused anode current
fluctuations at the line frequency and therefore hum in
5 the speaker. One method to avoid that was to use a
center-tapped filament transformer such that one end of
the filament was energized with an antiphase line
frequency component compared to the other. If the tube
filament was symmetrically constructed, line frequency
10 hum was thereby reduced. ~This arrangement was
sometimes improved by using a variable potentiometer
acrosgs the filament transformer winding to provide a
variable center tap connection to ground. The tap
position could then be adjusted to providé improved
15 cancellation, not only of the filament-induced hum but
also of other sources of line frequency hum. The
process of adjusting the tap position was known as
“bucking the hum. ~ .
More recently, adaptive humbucking has been
20 provided on certain musical instrument amplifiers.
Electric guitars are usually coupled by long leads to
heavy high-power amplifiers to provide the artist with
mobility. The long leads are a potential source of hum
pick-up. 1In certain constructions, the amplifier may
25  contain a means to inject a variable amount of line
frequency or ripple or its harmonics in order to cancel
" the hum. This may be done when no music is being
played by manually initiating the “humbucking”
- operation. :
30 Another type of humbucking is a method for removing
unwanted long-term repetitive components from an audio
. System that are related to a line frequency. A trigger
clock is generated from line supply voltage zero
crossings and synchronizes the sampling of the audio
35 output into a digital signal processor (DSP) memory.
The DSP accumulates like samples from one line period



t el ephone | ess than optimal. - A wireless tel ephone is needed that

w |l reduce magneti c coupling and hum generated in certain hearing

ai ds when a person with a hearing aid uses the wireless 10 t el ephone.

Unr el at ed ag*RE; have addressed magnetic coupling and techni ques
for reducing i ¢ coupling have been referred to BIUSYMI#Ki ng".
For exanple, in certain types of antique radio sets that operated
from the AC supply hum at one or two tinmes the supply 15 frequency
could originate in a nunber of ways. One particular source of hum
was use of a | oudspeaker having an ejectromagnet instead of a

per manent nmagnet. The el ectronagnet's coils served a dual purpose and
al so provided a snoot hi ng i nductance 20 for the main supply rectifiers.

I n renoving SUpELyth ripple fromthe supply, the speaker's

el ect r omagnet @ el igh oxderi Epdbuiléhe pigmize jofegbendynehi ch
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known as a "hu wﬁféﬂr¥L(¥ﬂén é%QQracted from the audic output. If the
process successfully removes all repetitive components,
the cancellation waveform ceases to accumulate and
convergence has occurred.

SUMMARY

10 The wireless telephone of the present invention is
designed for people with hearing aids. The wireless
telephone includes a battery, a radio circuit, and a
humbucking coil. The radioc circuit is connected to the
battery and has a transmit mode where transmit signals

15 are transmitted and a receive mode where received
signals are received. The radio circuit intermittently
is switched between the transmit mode and the receive

" mode. The radio circuit generates a transmission

magnetic field when the radio circuit is transmitting

20  transmit signals. A humbucking coil is connected in
the radio circuit to generate a cancellation magnetic
field that is directly proportional to the transmission
"magnetic field and in antiphase with the transmission
magnetic field. The cancellation magnetic field at

25  least partially cancels the transmission magnetic field
and reduces magnetic coupling between the wireless
telephone and a hearing aid used in conjunction with
the wireless telephone. '

Accoidingly. it is an object of the present

30 invention to provide a time-duplex wireless telephone
that reduces hum pickup in a héaring aid during use of
the wireless telephone, |

Another object of the presené invention is to

provide a humbucking coil for generating a cancellation



30 functioned to cancel an internal voltage fed to the speaker.
Anot her source of humthat was reduced by a t echni que known as
"hunbucki ng" occurred when directly heated fil anent tubes were
connect ed t O b oh¥erehs | ament 35 supply. If one end of therdinisameris7 was
grounded and. the other connected to an AC filanment supply, then part
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3 of the filanment, which was al so thg cat hode, woul d have

magnetic field that is directly proportional to the
magnetic field generated by the radio circuit of the
wireless telephone during operation. '

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified block diagram of a
5 preferred embodiment wireless telephone.
Figure 2 is a schematic side view of a wireless
. telephone of the preferred embodiment depicting the
physical location of components in the wireless
telephone.

10 Figure 3a is a electrical schematic showing the
humbucking coil connected between the power amplifier
and battery according to the preferred embodiment. -

Figure 3b is an equivalent electrical schematic
showing the humbucking coil connected between the

1s battery and power amplifier according to the preferred
embodiment. .

Figure 4 is a simplified block diagram of an
alternate embodiment wireless telephone.

Referring to the drawings, a time-duplex wireless
20 telephone according to the present invention is shown
‘and indicated by the numeral 10. In the preferred _
- embodiment, wireless telephone 10 is telephone of the
type which is operational in a TDMA cellular system
such as the European GSM system, the U.S. IS54 system
25 and the Japanese PDC system. The wireless telephone 10
is a time-duplex telephone that receives signals from a
base station and transmits signals to the base station
during different time slots in a conventional manner.
The present invention is directed to a time-duplex
30 lhireless telephone 10 that has been adapted to reduce
magnetic coupling between the wireless telephone 10 and
a hearing aid or other electronic apparatus placed in a



a line-frequency voltage relative to the control grid.
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frequency vol tage caused anode current fluctuations at the line
frequency and therefore humin 5 t he speaker. One nethod to avoid that

was to use ay, center-tapped filanment transformner
the fil anent ﬁﬁ?”@W€rglzed wi th an anti phase |ine
conpared to the other. If the tube filament was

such that one ‘end of
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constructed, line frequency 10 =~ humwas thereby reduced. This
arrangenment was soneti mes i nproved by using a variabl e potentioneter

across the filanment transformer winding to prOV|de a

vari abl e center

tap connection to ground. The tap position could then be adjusted to
provi de inproved 15 cancel lation, not only of the filanent-induced hum
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pi ck- up. In certain constructions

a nmeans

to inject a varildbVariRpEntive division multiple access (TDMA) and
code division multiple access (CDMA) cellular systems.

As shown in Figure 1, wireless telephone 10
generally includes a radio circuit 12, a humbucking
10 coil 14, a power source or battery 16, and various

is

20

25

30

35

telephone components such as an earpiece 18, microphone
20, keyboard 22 and display 24. Radio circuit 12 is a
conventional radio circuit that provides for
intermittent reception and transmission by operating a
transmit/receive (T/R) switch 26 from a controller 28
that-includes contrxrol circuitry. The T/R switch 26
alternatively connects an antenna 32 to receiver 32 to
switch the wireless telephone 10 too a receive mode and
to transmitter 34 to switch wireless telephone 10 to a
transmit mode.

The total active circuitry in the radio circuit 12
is shown partitioned into a receiver 32 that operates
intermittently, transmitter 34 that operates
intermittently and more or less continuocusly active

. controller 28. The receiver 32, transmitter 34, and

controller 28 include conventional receiver,
transﬁitter, and control circuits, respectively. This
partitioning shown in Figure 1 is not meant to imply
any particular physical partitioning but rather a
functional partitioning. Nevertheless, it is usual
that the transmitter circuits of transmitter 34, which
consume the highest intermittent currents to be drawn
from battery (16), are contained in a physically
distinct component or Power Amplifier (PA) chip. The
PA chip is usually connected directly to the battery 16
to avoid the voltage drop or loases associated with any



frequency or ripple or its harnmonics in order to cancel the hum This

may be done when no nmusic is being pl ayed by manually initiating the
"hunbucki ng" operation. 30 Anot her type of hunbucking is a
method for re v&ag unwanted | ong-termrepetitive conpge;&%;mﬁLgn1an'
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clock is generated fromline supply voltage zero , crOSS|ngs and
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switch or regulator circuit. The transmitter 32 is

designed in a conventional manner to be disabled when
T/R switch 26 is switched to connect the antenna 30 to
the receiver circuitry 32. The transmitter 32 is
5  disabled by removing a bias aignal or the radio
frequency drive signal, upon which it ceases to consume
current although it remains connected to the battery
16. _
The transmitter 34, receiver 32, and controller 28
10 are connected to the battery 16 by a supply path 36.
The supply path 36 is formed by tracks within a printed
circuit board that lead from the positive lead 16a of
battery 16 to the radio circuitry 12. The battery
current path 36 is schematically shown in Figure 1 to
15 include a receiver path 36a, cpncroller path 36b, and a
transmitter path 36c. Low currents flow through the
receiver path 36a to receiver 32 and through the
controller path 36b to the controller 28. These low
currents do not typically induce magnetic field that
20 could cause problematic coupling with hearing aids.
High currents do flow through the transmitter 34.
The transmitter current from battery 16 flows to
transmitter 34 in a loop formed by transmitter path 36c
and a ground path 36d. Ground path 36d extends from
25 the negative terminal 16b of battery 16 to the ground
- terminal 34b of transmitter 34.
The transmitter current flows in a loop during
transmission creating a transmission magnetic field.
The greater the area of the loop, the greater the
30 magnetic field will be at a given distance from the
wireless telephone 10. The actual, physical path taken
by transmitter current flowing from the battery 16 to
the transmitter 34 may be quite complicated and not
"usually designed to be of any particular form.
3s Attempts can be made in design to minimize area of the
cu;fent loop around the PC board through which



4 to the next in order to build a picture of ‘the |ine-

frequency-rel ated interference waveform Qher, wanted S|gnal
conponents that would not in general correlate with the line
frequency are averaged out of this 5 process so only the interference
waveformis Wexaarznese, which is then subtracted from t berayésigii€ut put.
If the process successfully renoves all repetitive conponents,

t he cancel |l ati on wavef orm ceases to accunul ate and convergence has
occurr ed. 10 The wirel ess tel ephone of the present i nvention is
desi gned for people with hearing aids. The W#irel ess ~ tel ephone

I ncl udes a battery, a radio circuit, and a : hunbucki ng coil. The radi o
circuit is connected to the battery and has a transmt node where

transmt signal sgg S Er LEPSIA ¢ dyd e nDd ere received
signals are FECEIﬁfﬁzml eéiéélo C|%cg¥$#yq ern15$e phys SRS &WF%ched

bet ween t he tran€ LORY (MAY make Fhe batheny. flémdethadlo circuit
generates a trandomisabe.

Humbucking coil 14 in the preferred embodiment is
5 connected in the transmitter path 36c to bypass a
fraction of the transmitter current and generate a
cancellation magnetic field. The humbucking coil 14
generates a cancellation magnetic field that is
_ directly proportional to the transmitter current, and
10 that is in antiphase with the transhission magnetic
field. As discugsed in more detail below, the
humbucking coil 14 generates a cancellation magnetic
field that at least partially cancels the transmission
magnetic field to reduce coupling between the wireless
15 telephone 10 and other electronic apparatuses such as
hearing aids.
Referring to Figure 2, wireless telephone 10 is
schematically shown. ‘A removable, rechargeable battery
16 is attached to the back side of the wireless
20 telephone 10 and earpiece 18 is connected to the froat
side. Battery 16 and earpiece 18 are electrically
connected to a printed circuit board 40. A transmitter
power amplifier 42 (PA), which includes transmitter
- circuits of transmitter 34, lies at a top end of
25 - wireless telephone 10 in as close proximity to the
antenna 30 as possible in order to minimize RF losses,
and the battery terminals 16a and 16b lie at the bottom
end. The transmitter current must therefore pass from
o: 2 end of the wireless telephone 10 clear to the other
30 er.d through a path which in the prior art was largely
' accidental in shape.
The humbucking path 14a connects the positive
-Battery terminal 16a from a point near the battery
terminal 16a on the PC board 40 to another point in the
35 transmission path 36c on the PC board 40 near the
transmitter power amplifier 42. The humbucking path



magnetic field when the radio circuit is transmtting 20 . transmt
signals. A hunbucking coil is connected in the radio circuit to
generate a cancellation magnetic field that is directly proportional
to the transm ssi on magnetic field and in antiphase mﬁth/&he
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| east partially cancels the transm ssion nmagnetic field and reduces
magneti ¢ coupling between the wreless t el'ephone and a hearing aid
used in conjunction wth the wirel ess gel ephone. .
Accordingly, it is an object of the present 30 I nvention to provide a
time-dupl ex wrel ess tel ephone t hat reduces hum pickup in a hearing

aid during use of the wireless tel ephone. | Anot her obj ect of
the present inventfdncpanegrts that hugbugkinghaablickt it &8 for generating
a cancellation  transW{3&idr fath 36c so that a portion of the

PCT/US97/ 01147 transmission current will flow through the humbucking
coil 14 when the transmitter 34 is activated. The
5 humbucking ceil 14 is placed in the wireless telephone
10 in a location that will place the humbucking coil 14
generally adjacent a hearing aid when the wireless
telephone 10 is held to a person’s ear during use. 1In -
the preferred embodiment, the humbucking coil 14

10 encircles the earpiece 18 and is located in an upper
front portion of the wireless telephone 10. This
results in the humbucking coil generating a
cancellation magnetic field in a location proximate the
earpiece 18 where a hearing aid will be located when

15 the wireless telephone 10 is held adjacent to a
person’s ear. Accordingly, the humbucking coil 14
provides for greatest coupling in the area where the
hearing aid will be located during use of the wireless
telephone 10. _

20 The dimensions, sense, orientation and numbexr of
turns of the humbucking coil 14 must of course be
determined by experimentation using a particular
wireless telephone 10 design in order to generate a
cancellation magnetic field that effectively cancels

25 the transmission magnetic field. The humbucking coil
14 is not necessarily oriented or placed exactly as
drawn in Figure 2, which is meant only to be
illustrative of the principle of locating the
humbucking coil 14 such that it will be generally

30 adjacent the hearing aid during use of the wirelesgs
telephone 10. .

Figure 3a and 3b show schematic representations of
.the transmission path 36c connecting the battery 16 to
the power amplifier (PA) 42. The transmission path 36c
3s for current flow between battery 16 and power.;mplifier
42 is optionally extended by inclusion of a little



5 magnetic field that is directly proportional to the

magnetic field generated by the radio circuit of the W rel ess

t el ephone during operation. _ , BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a sinplified block diagramof a 5
preferred ewawmstiavesat wirel ess tel ephone. Fi gure Pcorussusghenatic
side view of a wireless t el ephone of the preferred enbodi nent
depicting the physi cal |ocation of conponents in the wreless

t el ephone. 10 _ Figure 3a is a electrical schematic show ng the
hunbucki ng coil connected between the power anplifier and battery
according to the preferred enbodi nent. : Figure 3b is an equival ent
el ectrical schematic showi ng the hunb®icki ng coil connected between

the 15 battery and power anplifier according to the preferred
enbodi nent . '

extra, deliberate tract length or humbucking resistor
44 on the printed circuit board 40. The humbucking
resistor 44 allows a selected small voltage drop to
occur, allowing a proportion of the transmission
5 current to flow through the humbucking coil 14 which is

connected in parallel to the transmission path 36c, as
shown in the equivalent electrical circuit of Figuré
3b. The extra track length forming the humbucking
resistor 44 can optionally comprise a meander line with

10 breakable links to provide a means of adjusting the
amount of transmission current that is bypassed through
the humbucking coil 14.

Bypassing only a fraction of the tramsmission

current is not meant to imply a limitation of the

.15 invention to this mode. 1Indeed, the humbucking coil 14
may bypass a fraction of the entire battery current
consumed by all circuits. To bypass a fraction of the
entire battery current, the humbucking resistor 44 is
positioned in the battery path to receive the entire

20  battery current and the humbucking coil is connected in
parallel with the humbucking resistor 44.

Moreover, the inventive introduction of a
humbucking coil 14 to reduce radiated magnetic hum
fields is not restricted to a passive implementation as

25 shown in Figure 2 and Figures 3a and 3b. As an
alternative, humbucking coil 14 could be provided that
would only require a small current drive to produce a
cancelling field. The low-current drive could be
provided by a transistor switch activated by the

30 transmit enable signal to the T/R switch, for example.
In the case of a PIN diode switch, the diode current
itself could flow through the humbucking coil thus
obtaining dual use of the same current for efficiency.
Such a low current is more convenient to adjust in the

3s case that adjustment is necessary, but also creates the
need to adjust it in proportion to the current



Figure 4 is a sinplified block diagram of an al ternate embodi ment

wi rel ess tel ephone. Referring to the draw ngs, a tine-duplex
wireless 20 t el ephone according to the presené inventlﬁg hs sh?mm -

and i ndi cated t he nuneral 10. In the preferre enbodi nmen

wirel ess tel epHQfé?182is tel ephone of the type which |§C'HH§9r7Q!ﬁ46nal
in a TDVA cel lul ar system such as the European GSM system the U. S

| S54 system 25 and the Japanese PDC system The wireless telephone 10
is a tine-duplex tel ephone that receives signals froma base .station
and transmts signals to the base station 11 during different time slots
I n a conventional nmanner. The present invention is directed to a

ti me-duplex 30 wirel ess tel ephone 10 that has been adapted to reduce
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© cancg lation. Thls could be achieved by use of a D-to- '

A converter to convert digitally prestored current
values to currents in relation to the transmit power
5 level selected, or could be user-adjusted by means of
the display 24 and keyboard 22 for best operation.
Turning to Figure 4, a wireless telephone 10a
according to an alternative embodiment is shown.
Wireless telephone 10a includes the components of the
10 wireless telephone 10 shown in Figures 1,2,3a & 3b. In
wireless telephone 10a, however, the humbucking coil 14
is connected to a current drive S0 which passes current
through the humbucking coil 14 for generating the
cancellation magnetic field. The current drive 50 is
15 adjustable to control the current passing through the
humbucking coil 14 and the corresponding cancellation
magnetic field generéted. The current drive is
preferably a D-to-A converter. The D-to-A converter
includes prestored current values and generates a
20 selected current to be passed through the humbucking
coil 14 based on the prestored current value selected.
Controller 28 activates and selects a prestored
current value in the current drive 50 by outputting a
control signal to the current drive 50. The control
25 - signal activates the current drive 50 when the
transmitter 34 is transmitting by using, for example,
the transmit enable signal. 1In one embodiment, the
control signal also represents a prestored current
value that corresponds to the current consumption of
30 the transmitter 34. The control current, accordingly,
causes the current drive 50 to be adjusted in
proportion to the current consumption of the .
“transmitter 34. In another embodiment, the prestored
current value outputted to the current drive 50 can be
35 user-selected using the keyboard 22, allowing a user of
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6 | ocati on proximate to the one 10. The

present invention is applicable to a wi rel ess tel ephone
that tr ansnmf g‘ r ecel ves at | mas Accorl,q.{.r he

ti me-dupl ex Wﬁlﬁﬁ Ss t el ephone 10 of the present inve |oh’g%% be

enpl oyed in. varlous time division nultiple access (TDNA) and
code divi sion mul tiple access (CDMA) cellul ar systens.

in Figure 1, wireless tel ephone 10 ggneral ly incl ubhs WEQCNAS
12, a hunbucking 10 coil 14, a power source or battdry 1

t el ephone conponents such as an earpiece 18, m crophone » eayhaa]d
22 and display 24. Radio circuit 12 is a conventional radio circuit
that provi des foireless itmilephpneclfa rea amnuallyh@dirahshhesi on by
operating a cancellation magnetic field.

It will be appreciated by those of ordinary skill
in the art that the present invention can be embodied
5 in other specific forms without departing from the
spirit of essential character thereof. The presently
discloged embodiments are therefore considered in all
respects to be illustrative and not restrictive.



15 transmit/receive (T/ R) switch 26 froma controll egmull ml“ "il“““l
I ncl udes control circuitry. The T/R switch 26 al t i S

an antenna 32 to receiver 32 to switch the wirel ess t &l ephohe %0 oo
a recei ve nodgoanshesz to transmtter 34 to switch wrel esgerngdogpiione 10
to a 20 transmt node. The total active circuitry in the radio
circuit .12 . - 1s shown partitioned into a receiver 32 that operates
intermttently, transmtter 34 that operates I Nt er fd-ttari--y—ar |

¥ AS BEE’NT

or less continuously active 25 control l.er 28. The rgcBilG&H
transmitter 34, and control l er 28 incl3de conventilonal REPEAGES
transmtter, and control circuits, respectively. This ! partiilonl ng
shown in Figure 1 is not neant to inply any particul ar physical
partitioning but rather a3 functional partitioning. Nevertheless, it
is usual tH&FEtﬁg F}ﬁﬂﬂﬁ?t%%& circuits of transnitter 34, which
consune the highest intermttent currents to be drawn frombattery
(16), are contained hn a pRYSifdidde telephdns! bBfprEQIRPNENt Or Power
Amplifier (PA) chip. The 35 PA chip is usually connected directly to the
battery 16 to avoid the v%nR%ﬂﬁglﬂ9ﬁ§°8ﬁ | osses associated with any
b) transmitter means connected to the power

source for intermittently transmitting transmit
s signals, wherein a transmission magnetic field is
generated during transmission of said transmit

signals;
c) receiver means connected to the power
source for intermittently receiving receive signals -
10 at times different from when said transmitter means
transmits transmit signals; and '
~qd) humbucking means for generating a
cancellation magnetic field when said transmitter
means is transmitting transmit signals so as to at
15 least partially cancel said transmission magnetic
field and reduce magnetic coupling between saiad
wirelegs telephone and proximate electronic
apparatuses.

2. The wireless telephone of claim 1, further
including an earpiece for converting said receive
signals to corresponding acoustic signals, and wherein

- said humbucking means is dispogsed adjacent said
5 earpiece so as to generate said cancellation magnetic
field in an area proximate said earpiece so that
magnetic coupling between said wireless telephone and
electronic apparatuses proximate said earpiece is
reduced.

3. The wireless telephone of claim 1, wherein
“said humbucking means generates said cancellation .
magnetic field in antiphase with said transmission
magnetic field. '
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designed in a conventional nmanner to be di sabl ed wh R switch®

is switched to connect the antenna 30 to t he recelver_C|rCU|try 32.
The transm WQ9$772382i s 5  disabled by renoving a bias sigearuse7ims r adi o
frequency drive signal, upon which it ceases to consune current
al'though it renmins connected to the battery 16. +he
transmtter 34, receiver 32, and controller 28 10 RIS GHEET tHAS BEEN
battery 16 by a supply path 36. The Bupply path |36 | SREPLAGED by
tracks wwthin a printed ' :

4. The wireless telephone of claim 1, wherein
the humbucking means includes a humbucking coil.

5. The wireless telephone of claim 4, including
a supply path for passing supply current from said
power supply to said transmitter means and said
receiver means, wherein said humbucking coil is
s connected to said supply path to bypass a fraction of
said supply current during transmission of said
transmit signals.

6. The wireless telephone of claim 5, wherein
the supply path includes a transmitter path for passing
transmitter current from said power supply to said

S transmitter means, wherein said humbucking coil is
connected in said transmitter path so as to pass a
fraction of said transmitter current, and wherein said
fraction of said transmitter current passing through
said humbucking coil is directly proportional to said

10 transmitter current such that said cancellation
magnetic field is directly proportional to said
transmission magnetic field.

7. The wireless telephone of claim 5, wherein
the humbucking coil is connected in parallel across a
path length in said supply path having a selected
resistance.

8. The wireless telephone of claim 7, wherein
‘the resistance of said path length in said supply path
is adjustable so as to adjust said fraction of said
sgpply current passing through said humbucking coil.

9. - The wireless telephone of claim 1, further
including control circuitry and a T/R switch for

This Sheet Has Been Rerlaced




circuit board that lead fromthe positive | ead 16a of _ nm I““a"m“m
the radio circuitry 12. The battery current path 36 qs l

shown in Figure 1 to 15 i nclude a receiver path 36a, contreller patth s
36b, and a wo sfrgdasm tter path 36¢c. Low currents flow thr QegRshiifizey
receiver path 36a to receiver 32 and through the controller path 36b
to.the controller 28. These | ow- currents do not typically indu
magnetic field that 20 coul d cause problematic coupli AAS BEEN
ai ds. H gh currents do flow throud® the trans ACED The
transmtter current frombattery 16 flows to transfitter A—e—t00p
formed by transmtter path 36¢ and a ground path 36d. G ound path 36d

extends from25 inddifniREAREIYCCORALLE R W LT ARALLELVed G4 1 9r ound

termmnal 34b of transmtter € trans nt flows in
a |l oop during receiversPsanomnkeRBAi ng a transm ssi on magnetic field.
"The greater the area of the |oop, the greater the 30 magnetic field wll

be at a given distan fromthe i r.el ess telephope 10. .The ,actual,
physi cal gpat h taken 1. g‘iet?%ﬁ%ﬁﬁ \é@rglﬁi’%’é’ﬁt of| 81&?% ¥r YhemRdmpattery
16 to t he tsadsk umbuckidag meanse inglugdesoaphiwbuekingkoidt and a

usual |y desi gned dua-/eatolravy PSF (p£el Hig 'WirPentSenrAhdic By can be made in

design to MM 3R nbue igL ngl 80 as to generate said cancellation

5 magnetic field.

11. The wireless telephone of claim 10, wherein
said current drive is adjustable to control the current
outputted by said current drive.

12. The wireless telephone of claim 11, wherein
said humbucking means includes means for adjusting said
current drive so that current is outputted from said
current drive in proportion to said current consumed by

s said transmitter means.

13, The wireless telephone of claim 11, wherein
said current drive is adjustable in response to
keyboard inputs from said wireless telephone.

14. A wireless telephone comprising:
a) a power source;
b} a radio circuit connected to said power
source and having a transmit mode where transmit
5 signals are transmitted by a transmitter and a
receiver mode where receive signals are received by
receive circuitry, said radio circuit
intermittently switched between said transmit mode
and said receive mode, and wherein said radio
10 . circuit generates a transmission magnetic field
h when said radio circuit is transmitting transmit
'signals; and

This. Sheet Has Been Reﬂlaced




Igé;_/r 82;7} 82?4$round t. he PC board t hrough which V\ﬂmmmim'u’“mu%ull

current flows, but the | arge physical size of the bat tery may "m

t he batteryvt,bg.},p,ﬁgﬁen dom nat e. Hurmbucking coil 14 in the
preferred enbodinent is 5 connected in the fransnitterqHEWFmﬁgU‘¥o
bypass.a fraction of the transmtter current and generate a
cancel l ati on magnetic field. The humbucking coil 14 gener at es

cancel l ation magnetic field that is

16 THIS SHEET HAS BEEN
R

EPLACED

c¢) a humbucking coil connected in said'radid
circuit for generating a cancellation magnetic
15 field that is directly proportional to said
transmission magnetic field so as to at least
partially cancel said transmission magnetic field
and reduce magnetic coupling between said wireless
telephone and proximate electronic apparatuses.

15. The wireless telephone of claim 14, further
including an earpiece for converting said receive
signals to corresponding acoustic signals, and wherein
said humbucking coil is disposed adjacent said earpiece

S so as to generate said cancellation magnetic field in
an area proximate said earpiece so that magnetic
coupling between said wireless telephone and electronic
apparatuses proximate said earpiece is reduced.

16. The wireless telephone of claim 14, wherein
said humbucking coil generates said cancellation
magnetic field in antiphase with said transmission
magnetic field.

17. The wireless teléphone of claim 14, including
a supply path for passing supply current from said
-power supply to said transmitter and said receiver,
wherein said humbucking coil is connected to said
5 supply path to bypass a fraction of said supply current
during transmission of transmit signals.

18. The wireless telephone of claim 14, wherein
the supply path includes a transmitter path for passing
transmitter current from said power supply to said
éransmitter, wherein said humbucking coil is connected

S in said transmitter path so as to pass a fraction of
said transmitter current, and wherein said fraction of

said transmitter current passing thfough said

This Sheet Hiiﬁili‘elnllfilaced




directly proportional to the transmtter current, and 10 m

anti phase with the transm ssion magnetic field. As H mllﬂwnm”u“l
detail bel ow, the hunbucki ng coil 14 generates a camcerlafldn "
magneti c wofshgdedz t hat at |east partially cancel s the trapcHisvond?
magnetic field to reduce coupling between the wirel ess 15 t el ephone 10

and ot her el ectronic apparatuses such as - -hearing aids.
Referring to Figure 2, wireless telephone 10 is schematically sho

A renovabl e, rechargeable battery - 16 is attached t ﬁ@ijﬁggﬂﬁ

the wirel ess 20 t el ephone 10 and earpi ecgz 18 is connef
side. Battery 16 and earpiece 18 are electrically
printed circuit board 40. A transmtter power anplifier 42 (PA),

whi ch includes transmtter ' circuits of transmtter 34, lies at a top
end of 25 wirehusRuekingraid i Rirsstly Reoparhiomadytesaigd

antenna 30 as posgahsgittenrdarrent suohnthst Raildeameellationand the

battery te&@ nal Y é‘tfgdf 'feed%e&@f}qgl%fﬁﬁi a1 gg(rje?%ge transmtter

current nust thereégre pass s tel ephone 10
clear to the othéFaBBm155¥9ﬂiWqﬂnGG§ﬁ figtdh which in the prior art was

| argely acci dental in shape. The hunbucki ng path 14a
connects the positin9

The wifeless'telephone of claim 17, wherein
the humbucking coil is connected in parallel across a
path length in said supply path having a selected
resistance.

20. The wireless teiephone.of claim 19, wherein
the resistance of said path length in said supply path
is adjustable so as to adjust said fraction of said
supply current passing through said humbucking coil.

21. The wireless telephone of claim 14, further
including a current drive connecting said humbuckihg
coil to said radio circuit, said current drive passing
current through said humbucking coil so as to generate

5 said cancellation magnetic field.

22, The wireless telephone of claim 21, wherein
said current drive is adjustable to control the current
outputted by said current drive.

23. The wireless telephone of claim 22, further
including means for adjusting said current drive so as
to output current from said current drive in proportion
to said current consumed by said transmitter means.

24. The wireless telephone of claim 22, wherein
,said current drive is adjustable in response to

keyboard inputs from said wireless telephone.

25. A wireless telephone comprising:

a) a power source;
Sheet Has Been Reﬁaced
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battery terminal 16a from a point lwa ggg

e ssi on” UMM

the PC board 40 to another point i

PC board 40 near the transnltt fier 42. The hunbudklﬁg *
pat h WD 97/ 27682

PCT/ US97/ 011W® 97127682 , PCT/USO7OCINECT S

t hat humbucking coil 14 in the transm ssi on path 36Cc so that a
poirtion of the transm ssion current wll fIOM/through t he hunbucklng
coil 14 when the transmtter 34 is activated. The 5 r 14
is placed in the wirel ess tel ephone i in a |0Ccltl ‘U%Ef%% ﬁﬁ:—:ﬂ Ace
t he hunbucking coil 14 LACED

b) a radio circuit for transmitting and

receiving, wherein turning operating of said radio
5 circuit a first magnetic field is generated by said
radio circuit; and :

c) a humbucking coil coupled to said radio
circuit for generating a second magnetic field to
at least partially cancel said first magnetic field

10 and reduce magnetic coupling between said wireless
telephone and proximate electronic apparétuses.

26. The wireless telephone of claim 25, wherein
" said humbucking coil is coupled in said radio circuit
so that said second magnetic field is directly
proportional to current consumed by said radio circuit.

27. The wireless telephone of claim 25, further
including a transmitter for transmitting transmit
signals and connected to said power supply by a
transmitter path, and wherein said humbucking coil is

5 connected to said transmitter path to bypass current
from said transmitter path and generate said second
magnetic field.

28. The wireless telephone of claim 25, further
including a current drive connecting said humbucking
coil to said radio circuit, said current drive passing
current through said humbucking coil so as to generate
5 said cancellation magneti  field.

29. The wireless telephone of claim 28, wherein:
said current drive is adjustable to control the current
outputted by said current drive.

30. The wireless telephone of claim 29, where the
further including means for adjusting said current
drive so as to output current from said current drive



general ly adjacent a hearing aid when the wireless temnm“"“m””"l
held to a person's ear during use. In the preferred e t
hunmbucking coil 14 10 encircles the earpiece 18 and is located itn &n * *

upper fwontnwer tion of the wirel ess tel ephone .10. Thi Spcrusyrofigsul ts
in the hunbucking coil generating a cancel | ati on magnetic field in a
| ocation proximte the ear pi ece 18 where a heari ﬁ?—af-d—w-H——-be—-—

| ocat ed when 15 the wirel ess tel ephone 10 is hel d afjH&ebHEETOHAS BEEN
person's ear. Accordingly, the hunbucking t®il 14 - pr REPUAGED or
greatest coupling in the area where the hearing ard WTT De rocared
during use of the wreless- t el ephone 10. 20 The di nensi ons,
sense, orientati &&H}% roaf . ns of the nbucki_.ng coil 14 mnust
of course be - 28 eterm ng‘dt ysgige?}‘%%?ét‘f%% Ya83f: i cul ar |
wirel ess t ePephohEangmitd8ryfMeAR8eor der to generate a cancel | ation
magnetic field that effectively cancels 25 ‘the transm ssion nagnetic

field. The hunbucki Coi . i ot, necessarily oriented or placed
exactly as dr aﬁ’ in ‘ﬂl!lle o 5%%6%?%#?1? c3ALH 23 pgherein

illustrative of satd (punrans| drive| §€a!ﬁﬁgat¢hil.e in rebpohsektag coil 14 such
that it will be geymsatd Minglts £26h6£08 WiFelIRA kldeBhdndy i Ng use of the

W rel ess

This Sheet Has Been Reﬁaced .




‘tel ephone 10. Figure 3a and 3b show schematic representations of

,the transm ssion path 36¢c connecting the battery 16 to t he power
anplifier (PA) 42. The transm ssion path 36¢c 35 for current flow
bet ween batt ekgyo dpreg2d power anplifier 42 is optional | pcgnisensiess by
inclusion of-a little WO 97/ 27682
PCT/ US97/-01147 . 1/5 10 extra,
deli berate tract |ength or hunmbucking resistor =
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44 on the printed circuit board 40. The hunbucking resistor 44
allows a selected snall voltage drop to occur, allowing a proportion
of the transmssion 5 current to flow through the hunmbucking coil 14
whi ch is wo §pRcted in parallel to the transm ssion patlcTRSsoias
shown in the equivalent electrical circuit of Figure 3b. The extra
track length formng the hunbuckﬂﬂg resistor 44 can optionally
conprise a neander line with 10 breakabl e links to provide a neans of

adj usting the anount of transmi ssion current that is bypasséd through
t he hunbucking coil 14. Bypassing only a fraction of the
transm-ssi on current is not neant to inply a limtation of the 15
invention to this node. |Indeed, the hunmbucking coil 14 may bypass a
fraction of the entire battery current consuned by all circuits. To
bypass a fraction of the entire battery current, the hunbucki ng
resistor-44 is positioned in the battery path to receive the entire
20 battery current and the hunmbucking coil is connected in

parallel with the hunbucking resistor 44. Mor eover, the inventive
i ntroduction of a hunbucki ng coil 14 to reduce radi ated nggneti c hum
fields is not restricted to a passive inplenentation as 25 shewn in
Figure 2 and Figures 3a and 3b. As an '
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al ternative, hunbucking coil 14 could be provided that woul d ‘only

require a small current drive to produce a cancelling field. The
| ow-current drive could be provi ded by a transistor swt.ch activated
by the 30 woangrez enable signal to the T/R switch, for ercirpsso1147
In the case-of a PIN diode switch, the diode current itself could
f]l ow.t hrough the hunbucking coil thus - obtai ning dual use of the sane
current for efficiency. Such 351 ow current is nore convenient to
adjust in the 35 case that adjustnent is necessary, but also creates the
need to adjust it in proportion to the current WO 97/27682
PCT/ US97/ 01147 _ ' 11
3
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consunption of power anplifier 42 in order to achieve cancel l ati on.
This coul d be achi eved by use of a D-to- A converter to convert
digitally prestored current values to currents in relation to the
transmt powekyo §276s2l evel sel ected, or coul d be user-adj ust egrRieiiads of
the display 24 and keyboard 22 for best operation. Turning to
Figure 4;,. a wrel ess tel ephone | Oa / according to an alternative
enbodi ment i s shown. Wrel ess té?gphone 10a includes the conmponents
of the 10 wirel ess tel ephone 10 shown in Figures 1,2,3a & 3b. In

w rel ess tel ephone 10a, however, the hunbucking coil 14 _ i s connected
to a current drive 50 which passes current t hrough t he hunbucki ng
coil 14 for generating the cancel l ati on magnetic field. The current
.drive 50 is 15 adjustable to control the current passing through the
hunbucki ng coil 14 and thg correspondi ng cancel | ation magnetic field
generated. The current drfye is" preferably a D-to-A converter. The
D-to- A converter i ncl\udes prestored current val ues and generates a 20

sel ected current to be pass tyhr obghy t he hunbucki ng coil 14 based on
the prestored current val ue sel cf T. Controller 28 activates and
sel ects a prestored

'/143

FIG. 3b
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current value in the current drive 50 by outputting a control signal
to the current drive 50. The control 25 signal activates the current

drive 50 when the transmtter 34 is transmtting by using, for
exanpl e, ogﬂﬁahransnit enabl e signal. In one enbodi nentpcrittse7/01147
control signgY al’'soO represents a prestored current val ue that

- corresponds to the current consunption of 30 the transmtter 34. The
control current, accordingly, caus®Sthe current drive 50 to be
adjusted in proportion to the current consunption of the '
transmtter 34. In another enbodinent, the prestored current. val ue
outputted to the current drive 50 can be 35 user -sel ected using the
keyboard 22, allow ng a user of WO 97/ 27682

PCT/ US97/ 01147
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~-W rel ess tel ephone |1 0a to adjust 't he. cancel | ati on magnetic field.
13 1. A wireless tel ephone conprising: a) a power source;
b) transm tter means connected to the power source for
interm tte@qy.,'ll,.g smtting transmt signals, wherein a transm ssion
magnetic freld'r 6%3enerat ed during transni s&®on of said t r anpOriysoTanaLs
c) recei ver means connected to the power source for intermttently
receiving receive signals at times different fromwhen said transmtter
Wireless telephone 10a to manually adjusec thk
cancellation magnetic field.



RER ' Rl I RS L ) - —————

means transmts transmt signals; d) si ng
.supply eurrent fromsaid power supply to s Iljm “ m!“mgans and
u

.sai d receiver neans; e) hunbucki ng neans cki ng
coil for | current directly proQgrtlonaI to the nt
t hr ough s§?§f§i&hﬁszhunbucking coil during transm ssion of sgﬁgﬂﬂké7§ﬁiff
signals to generate a cancellation magnetic field directly
proportional to said transn1§§|on magnetic field

transmtter nean tra transm t Si gh east
partially cancelﬁgﬁ (Saal gﬁ%%i ﬁ magnetic field _ Mce ghetic
coupling between said wrel ess telephone and e el ectronic
appar at uses. 2. The wngpgggé Eggeggegg gkechgthQngﬁnther i ncluding an
earpi ece for converting said receive sign Ps to cofrespofidi ng acoustic
signals, and wherein said Rinbu@kPRyeHedRY*F8/di sposed adj acent said

earpi ece sosas to generatexjai dacgaddbl atreqirngnenieeckideld baidnpanes

proximate sai d_eqpiase 50 by PANELaGSRIUPhERE HRLURCR BALALW Tel oo

t el ephone and el ECtrom & Usés proximate said ear reduced.
51gﬂals are transnltted by a tvansmltter and a receiver

rmode where raceive signals are recelved Ly receive

circuitry, said radio circuit incermittently switched
10 between said transmit mode and sald receive mode, and
wnerein said radio circuit generates a transmission
magnetic field when said radio circuit is tranamitcing
cransmit signals; ard _ '
' ¢} & humbucking coil connected in said
15 radio circuit for gensrating a cancellaticn magnetic
field that is directly proportional to said N
transmission magnetic field so as to at ieagt partially
cance: said transmission magnetic £field arnd reduce
magrietic coupling between said wireless telgphcne and
20 proximate electronic appératusea._ '

2. The wireless telephone of claim 1, further
including an earpiece for converting said receive
. gignals to corresponding accustic signals, and wheresin
25 said humbucking coil is disposed adjaceunt said earplece
30 aa to generate gaid eancellation magnetic field in

_an area proximate said earpiece so that magnet c _

coupling between said wireless telephore and electronic
apparatuses proximate said earpiece is reduced.

a0
. 3. The wireless telephahe of olaim 1, wherein
said humbucking coil generates said cancellation
magnetic field in antiphase with said transmission
. | gagnetxc field. - &
. ) . . . @
&
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14 . 3. - The wirel ess tel ephone of ' , il sai '
‘gener ates sai d cancel | ati on magnet i ﬂlmlmlm lmﬂml'iﬂl'mas Thil$ SHEET diA
transmi ssion. magnetic field. 4.  The® witrelMesd t¥l epjone oRERUAGER 1,
wherein sgid hunpucking coil is connected tg,said suppl'yparn_To bypass a
SO s 2 ;
5

\v2

fraction pply current during transmission of sai d RGBUSH01147
signal s. The wirel ess tel ephone of claim4, wherein the supply path
includes a transmitter path for passing transmtter current fromsaid power

supply to said transmtter ans erein,said humbucking coil is connected
in sajd transnitter pdth sgggstEegggg SF*F8§§Fea°Fra frdnlof 1agigcing
transmitter currensppely phacheifprspadsingcsiupplyf caavdntr pami shed current

passing through sakd-Nuuuell 8g 6gkh L2afbhelly BhAPALYEODELALfeRal d
transmtter current sych That sal canch ation magnetic fie S tirectly
proportional to ¥heFeinafadds SuBRuAK4RGt Feili dBdconnectad to maid

5 supply path tc bypass a fraction of said supply current
during transmission of transmic signals. '

5. The wiralegss telaphone of claim 1, wherain
the supply path includes a transmitter path for passing
10 ‘transmitter current Efrom said power supply to asaid
transmitcer, wherein said humbucking coil is connected
in said cransmitter, wherein said humbucking coil is
connected in said transmitter path sa as to pass a
fraction c¢f said transmitcter cuzrent,'and wherein said
15 fraction of said transmitter current passihg through
gaid humbucking coil 1is directly proportional to said N
transmitter current such thatc said cancellation '
magnetic field is directly proporticnal to said
transmigsion magﬁetic field.
20 :
6. ' The wireless telephone of claim 4, wherein
the humbucking coil is connected in parailel across a
path length in said supply path having a selected
resistance, '
25
7. - The wirelessa telsphona of ¢laim g, whcreig
- the resistance of said path length in said supply path
. is adjustable sc as to adjust said fraction of said
N supply current passing through said humbucking coil.
30
8, The wireless telephone of claim 1, furthar
including a current drive connecting said humbucking
coil to said radio circuit, said current drive passing
_ current through said humbucking coil so - as td generate
15 said cancellation magnetic field. B

heet Has Been R:ilaced
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6 The wirel ess tel ephone of claim4

;cbn;nect ed in parallel across a path Ieﬂﬂﬁﬂ“ﬂﬂﬂ Bﬁsﬂ I%:’El
.sel ected resistance. 7. The wirel e sof*cl

[=cB3 I“-'J{IU(- JVITLS |

o

resistance of said path length in said supply path is ad ustable so as to

adj ust sal Whoagiigep of said supply current psssing through spgg
: The W rel ess tel ephone of claim1, further including control

coil.

C|rCU|try and a - T/R switch fobr intermttently connecting said transnitter
and said recé€iver to an antenna.

5 9. The wireless tglephgpg Qfrglaid éela\éaﬁaﬁénoéaéﬁamn@uthﬂﬂef@ans

10

said current dr:.ve is adjustable to contrecl the current
outputted by =said current drive.

10. The wireless telephone of claim 3, Zurther
including mears for adjusting said current drive sc as
to output current from said curreant drive in proportion

to maid current consumed by said transmitter means.

11. The wireless calephone of claim 9, wherein
said current drive is adjustable in response to
keybcard inputs from said wireless telephone.

This Sheet Has BeenrRe| Iaced
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I ncludes a current drive for passing current ucki ih -2
so a5 to generate said cancel |l ation magnetic m "m ll W reless
t el ephone of claim9, wherein said current drIer kS adjmstisable to control

the current outputted by said current drive. The wirel ess _t ne
of claim 10, wherein said hunbucking nmeans,jncl udes [:W

said current drive so that current is outputted from shi 2nt rvde i n
proportion to said current consumed by said transmitte ans.

eﬁ&sJ

t el ephone conpri si ng: a) a power source; a radlo circgyit
connected to said power source and having a trangmt

transmt signg s aU@vJﬁﬁ&%ﬁbk%ﬁ@ng smtter and a receiver node
where receive S|gnals are recelve y CI itry, said radio circuit

internittently sw tajhed dpbweesowses transnit node and
b) transmltter means connected to the power source for
intermittently transmitting transmit signals, wherein a transmission
magnetic field is generated during transmission of said transmit signals;
c) receiver means connected to the power source for intermittently
receiVing receive signals at times different from when said transmitter
means transmits transmit signals; _
d) a supply path for passing supply current from said power supply
to said transmitter means and said receiver means;
e) humbucking means including a humbucking coil for passing
current directly proportional to the supply current through said
humbucking coil during transmission of said transmit signals to generate
a cancellation magnetic field directly proportional to said transmission
magnetic field when said transmitter means is transmitting transmit
signals so as to at least partially cancel said transmission magnetic field
and reduce magnetic coupling between said wireless telephone and

proximate electronic apparatuses.

2. The wireless telephone of claim 1, further including an earpiece for
converting said receive signals to corresponding acoustic signals, and wherein
said humbucking means is disposed adjacent said earpiece so as to generate
" said cancellation magnetic field in an area proximate said earpiece so that
magnetic coupling between said wireless telephone and electronic

apparatuses proximate said earpiece is reduced.

| AMENDED ~ SHEET




said receive node, and wherein said radio circuit generates
transm ssion magnetic field when said radio circuit is transﬁ"l“lmﬂ”(]"" 'LI(IJIUII'
al dw *

transmt signals; and c) a hunbucki ng coil connected=*ines

circuit for generating a cancel | ation magnetic.field that is directly
proportional to said transm ssion magnetic field so as to at |east
partially cancel said transm ssion magnetic field and reduce nmagnetic

coupl i ng bet wskn safhe wireless\telephone ©of clainode winerepn saidrbumhsicking organs

%EBTA?SE‘,\’,SEE? sigeperates said cancellation magnetic field in antiphase with said,tgansmissioq;,

wreless tel egﬂggﬁeﬁgﬁghgi m 13, further including an earpiece for
converting sai ecel ve signals to correspondi ng acoustic signals, and

wherein said hunbucking coil is disposed adjacent said earpiece so as to

generate said cancellation nmagnetic field in an area proximate said .
ear pi ece so t ht mﬂ?%tW'&'@%ﬁjg?lﬁﬁbothXe@ﬁ"%zﬁ:dwﬂﬁl’%'l‘%dt@!@%‘lﬁ‘é}ﬂ%@a‘?ﬂ! is

electroni ¢ apRYALUfsPio said supply path to bypass a fraction of said supply current during

transmission of said transmit signals.

5. The wireless telephone of claim 4, wherein the supply path includes a
transmitter path for passing transmitter current from said power supply to said
transmitter means, wherein said humbucking coil is connected in said
transmitter path so as to pass at least a fraction of said transmitter current, and
wherein said fraction of said transmitter current passing through said
humbucking coil is directly proportional to said transmitter current such that
said cancellation magnetic field is directly prop'o'rti'onal to said transmission

magnetic field.

6. The wireless telephone of claim 4, wherein the humbucking coil is
connected in parallel across a path length in said supply path having a

selected resistance.

7. The wireless telephone of claim 6, wherein the resistance of said path
length in said supply path is adjustable so as to adjust said fraction of said
supply current passing through said humbucking coil.

- 8. The wireless telephone of claim 1, further including control circuitry and
a T/R switch for intermittently connecting said transmitter and said receiver to
an antenna. '
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proxi mate sai d earpiece is reduced. 15. The wireless tel '
13, "wherei n said hunmbucking coil generates said cancellati OEW“&'&[W”’"
i‘n anti phase with said transm ssion magnetic field. 16. it s %
t el ephone of claim 13, including a supply path for passing supply current
fromsaid power supply to said transmtteriand said receiver, wherein said
hunbucki ng coil is connected to said supply path to pass at |east a
fraction of s&.d sufim wirsless bielephone ®f telains i, sshereirfsaid hmswbuckinigy nedans

17. The wireless tel ephone of claim 13, wherein the supply path includes a
transmtter pdbeludes artemgrivedaspassing Céﬁﬁﬁkﬁhfowg’bﬁﬁlgafﬁﬂ% g 6B §P\AS: o

said transm tter e] g? HP %é . Gk IS connected in said
transmtter patﬁigesn\g?%%dﬁggs lﬂg ?ﬁ rP"fﬁhr?cf%éj'said transmtter current, and
wherein said fraction of said transmitter current passing through said
hunbucking coil is directly proportional to said transmtter current such

that said canc¥)l atThm wisgikssitelephane iof drirac®l whereiibrsaidneurrens dave is

\tNLgP Zimnsf Lgnh[?@ﬁﬁet%bf?g{o'c%q%ql ;helgt'wrer-igchoeut%\ﬁtieec} 8}5 ‘féaltde él?rPé‘n‘%’b%v%‘f claim 16,
-11.  The wireless telephone of claim 10, wherein said humbucking means
includes means for adjusting said current drive so that current is outputted from
said current drive in proportion to said current consumed by said transmitter -

means.

12. The wireless telephone of claim 10, wherein said current drive is

adjustable in response to keyboard inputs from said wireless telephone.

13. A wireless telephone comprising:

a) a power source;

b) " a radio circuit connected to said power source and having a
transmit mode where transmit signals are transmitted by a transmitter
and a receiver mode where receive signals are received by circuitry,
said radio circuit intermittently switched between said transmit mode and
said receive mode, and wherein said radio circuit generates a
transmission magnetic field when said radio circuit is transmitting
transmit signals; and

¢) . ahumbucking coil connected in said radio circuit for generating a
cancellation magnetic .' field that is directly proportional to said
transmission magnetic field so as to at least partially cancel said
transmission magnetic field and reduce magnetic coupling between said

wireless telephone and proximate electronic apparatuses.
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connected in parallel across a path length in said supply pat '
sel ected resi stance. 19. The wireless tel ephone of claim 1@'@&“@!“““"*""
resi stance of said path length in said supply path is adjusta LldSal Os '«
adjust said fraction of said supply current passing through said hunbucki ng
coil. 16 17 20. The wirel ess

t el ephone of claim 13, further including a current drive connecting said
hunbucki ng coit4. t o The Wwinchabisotetephomet of shaimt t3,r fiatherdincludingpani earpisrce fort

t hrough sai d hunbucking coil so as to generate said cancell ation nagnetj c.

21. The wi r elcOB¥eRiEGSRIE fecaiye signals toocorRpopding aceutiGrSighals qand whegein

said humbucking coil is disposed adjacent said earpiece so as to generate said
cancellation magnetic field in an area proximate said earpiece so that magnetic
coupling between said wireless telephoné and electronic apparatuses

proximate said earpiece is reduced.

156. The wireless telephone of claim 13, wherein said humbucking coil
generates said cancellation magnetic field in antiphase with said transmission

magnetic field.

16. The wireless telephone of claim 13, including a supply path for passing
supply current from said power supply to said transmitter and said receiver,
wherein said humbucking coil is connected to said supply path to pass at least

a fraction of said supply current during transmission of transmit signals.

17.  The wireless telephone of claim 13, wherein the supply path includes a
transmitter path for passing transmitter current from said power supply to said
transmitter, wherein said humbucking coil is connected in said transmitter path
so as at least a fraction of said transmitter current, and wherein said fraction of
said transmitter current passing through said humbucking coil is directly
proportional to said transmitter current such that said cancellation magnetic
field is directly proportional to said transmission magnetic field.

18. The wireless telephone of claim 16, wherein the humbucking coil is
connected in parallel across a path length in said supply path having a

selected resistance.

19.  The wireless telephone of claim 18, wherein the resistance of said path
length in said supply path is adjustable so as to adjust said fraction of said

supply current passing through said humbucking coil.
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22.

adjustable to control the current outpu ent drive.
The ‘wi rel ess tel ephone of claim 21, furﬂ “ L'IIH mnm R 5#@’#

said current drive so as to out put current from dai 8 current

RT' SHEET

proportion to said current consumed by said transmtter nmegns
wi rel ess tel ephone of claim 21, wherein saihgd current driveli s
response to keyboard inputs from said wirel ess tel ephone.

The

'ﬁuﬁuiams.

24.

A wirel esg

]

t el ephone conpri sing: a) a power source; b)
for transm’ttlgg and receivin erein durin
radio circuit

paSS|ng currren m Sal 0o Circul

araaro crrcuart
eraftion of said
fir&he n‘ﬁkﬁ@l@ﬁ gelppbpamoj @}@ﬁ%r ,e@'r%vyrs;a%dmg a Cyrggptoanve

circuit; and copnedih RUARUCKhE SR 'saftP & ik e, 33id! ur‘?gﬂtodrﬁ)erﬁ
p s ARGk &

and énera I'ng a secon

magnetic fi el deurrent thtolght $aid PR@BBGERING adoilt 8o Ca§ f@ngeﬁa@w@d hoarseligtion
radio circuit and in anti phase with said first magnetic field to at

| east parti al | pagagtiel said first magnetic field and reduce nmagnetic
coupling between said wreless t el ephone and proxi mate el ectronic

appar at uses.

21. The wireless telephone of claim 20, wherein said current drive is

adjustable to control the current outputted by said current drive.

22. The wireless telephone of claim 21, further including means for adjusting

said current drive so as to output current from said current drive in proportion to

said current consumed by said transmitter means.

23. The wireless telephone of claim 21, wherein said current drive is

adjustable in response to keyboard inputs from said wireless telephone.

24. A wireless telephone comprising:

a) a power source;

b) a radio circuit for transmitting and receiving, wherein during

operation of said radio circuit a first magnetic field is generated by said

radio circuit; and

c) a humbucking coil coupled to said radio circuit for passing

currrent from said radio circuit and generating a second magnetic field

directly proportional to current consumed by said radio circuit and in

antiphase with said first magnetic field to at least partially cancel said

first magnetic field and reduce magnetic coupling between said wireless

telephone and proximate electronic apparatuses.

25. The wireless telephone of claim 24, further including a transmitter for

transmitting transmit signals and connected to said power supply by a

transmitter path, and wherein said humbucking coil is connected to said
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-25. The wireless tel ephone of claim24, further including a
for transnmitting transnmit signals and connect ed to said pomrlmmﬂﬂ!m "‘I”“"I

transmtter path, and wherein said hunbucking coil is connect

C L M S transmtter path
to bypass current fromsaid transmtter path and generate sai d second
magnetic field. 26. The wirel ess tel ephone of claim?24, further

i ncl udi ng a cutramsmitidripath toobypass cured ifisonh saldutcamsmitteo patht and gederatdisaid
circuit, said current driye gassi ng current through said hunbucking coil so
as to generat eS¥& m2gpeli¢ Beldon magnetic fiel d.

26. The wireless telephone of claim 24, further including a current drive
connecting said humbucking coil to said radio circuit, said current drive passing
current through said humbucking coil so as to generate said cancellation

magnetic field.

27. The wireless telephone of claim 26, wherein said current drive is
adjustable to control the current outputted by said current drive.

28. The wireless telephone of claim 27, where the further including means
for adjusting said current drive so as to output current from said current drive in

proportion to said current consumed by said transmitter means.

29. The wireless telephone of claim 27, wherein said current drive is

adjustable in response to keyboard inputs from said wireless telephones.
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27. The wirel ess tel ephone of claim 26, wherein said current drive

adj ustable to control the current outputted by said current drive. 28’()‘,753
The.wirel ess tel ephone of claim 27, where the further incl udi ng NS f'or
adj-usting said current drive so as to output current fromsaid : :F“

drive in proporti iCIP sai d CUNRENNTELORITFUIATRGPERYy Si@hflzArioRNS M \»_,,ﬁ,.)‘.:;n

29, The wirel ess tél'ephone of claim 2P 4itdPuseh said current drive
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(57) Abstract

. A time-duplex wircless telephone for reducing magnetic coupling between the wireless telephone and a hearing aid to prevent hum
pick-up in the hearing aid. The wireless telephone includes a batte: » a radio circuit, and a humbucking coil. The radio circuit is connected
to the battery and has 2 transmit mode where transmit signals are transmitted and a receive mode where received signals are received.
The radio circuit: intermittently is switched between the transmit mode and the reccive mode. The radio circuit generates a transmission

magnetic field when the radio circuit is transmitting transmit signals. A humbucking coil is connected in the radio circuit to generate a
cancellation magnetic field that is directly proportional to the transmission magnetic field and in antiphase with the transmission magnetic
field. The cancellation magnetic field at least partially cancels the transmission magnetic field and reduces magnetic coupling between the
wireless telephone and a hearing aid used in conjunction with the wireless telephone.




