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(57) ABSTRACT 

A magnetic induction time-multiplexed tWo-Way short 
range Wireless communications system, and related method, 
includes a ?rst portable unit and a second portable unit. The 
?rst portable unit receives ?rst unit input signals and pro 
vides ?rst unit output signals. Also, the ?rst portable unit 
includes a ?rst unit transducer system for generating a ?rst 
inductive ?eld based upon the ?rst unit input signals during 
a ?rst time slot and for converting a second inductive ?eld 
into the ?rst unit output signals during a second time slot. 
The second portable unit receives second unit input signals 
and provides second unit output signals. Also, the second 
portable unit includes a second unit transducer system for 
generating the second inductive ?eld based upon the second 
unit input signals during the second time slot and for 
converting the ?rst inductive ?eld into the second unit 
output signals during the ?rst time slot. 
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TIME-MULTIPLEXED SHORT-RANGE 
MAGNETIC COMMUNICATIONS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part of: (1) US. patent applica 
tion Ser. No. 08/444,017, ?led May 18, 1995, abandoned; 
and (2) US. patent application Ser. No. 08/696,812, ?led 
Aug. 13, 1996. The entirety of each ofthese two related US. 
patent applications is hereby incorporated hereinto by ref 
erence. 

TECHNICAL FIELD 

This invention relates to short-range wireless communi 
cations and, more particularly, to the use of inductive 
coupling. 

BACKGROUND INFORMATION 

When using a telephone, continually holding the handset 
to one’s ear can be awkward. Also, holding the telephone 
interferes with the use of both hands for other work while 
trying to talk. In particular, the use of cellular telephones, 
which has increased dramatically, can interfere with the 
user’s proper operation of an automobile. Various tech 
niques have been used to overcome these difficulties. 

Speakerphones allow one to talk while roaming around a 
room and using one’s hands. However, speaker volume can 
disturb others around the user. They also cannot be used in 
close proximity to other speakerphones due to interference. 
They have limited privacy since the speaker broadcasts the 
conversation to all within earshot. Typically, the user must 
speak more loudly than normal to have proper reception at 
the microphone. Also, they tend to have poor sound quality 
because the user typically is not near the microphone and 
acoustics in the room typically are poor. 

Headsets have been another way to free up the hands of 
a telephone user. Typically, the headset includes an adjust 
able strap extending across the user’s head to hold the 
headset in place, at least one headphone located by the user’ s 
ear, and a microphone which extends from the headset along 
and around the user’s face to be positioned in front of the 
users mouth. The headset is attached by a wire to the 
telephone. Headsets have the disadvantages of being bulky 
and somewhat awkward to use. Although they permit hands 
free use of the telephone, the user has limited mobility due 
to the connecting wire. 

Wireless headsets also have been developed to eliminate 
the connecting wire to the telephone. The wireless headset 
uses radio frequency (RF) technology or infrared (IR) tech 
nology for communicating between the headset and a base 
unit coupled to the telephone. The need for communications 
circuitry and su?icient power to communicate with the base 
unit increases the bulk and weight of the headset. This 
increased weight can become tiresome for the user. One 
alternative has been to attach the headset by a wire to a 
transmitting unit worn on the belt of the user. Again, the use 
of a connecting wire can become inconvenient and interfere 
with other actions by the user. Signi?cant interference 
rejection circuitry is also needed when multiple wireless 
headsets are used in close proximity. 
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2 
SUMMARY OF THE INVENTION 

The invention relates to a short-range, wireless commu 
nications system including a miniaturized portable trans 
ceiver unit and a base unit transceiver. The miniaturized 
portable transceiver unit sends and receives information 
through magnetic induction to the base unit, which may also 
be portable (i.e., easily carried by hand by a single person). 
Similarly, the base unit sends and receives information 
through magnetic induction to the portable transceiver. The 
information generally can be any type of information includ 
ing voice, audio, data, music, and/or video. The use of 
magnetic induction ?elds limits interference between a 
plurality of systems operating in close proximity to each 
other, and it reduces the power requirements (e.g., the 
battery or batteries in the two units can be smaller in size and 
weight) which allows smaller size units and greater conve 
nience as compared to other types of communications sys 
tems such as those using RF technology and IR technology. 

Each of the base unit and the portable transceiver units 
includes one or more transducers. Each of the transducers 
preferably is a rod antenna such as a ferrite rod within a wire 
coil. Either or both of the units can include multiple trans 
ceivers arranged in a variety of con?gurations to generate 
multiple magnetic ?elds, and in such multiple-transducer 
embodiments a diversity circuit is used to receive and/or 
transmit on at least one of the transducers. For example, 
three orthogonally arranged transducers can be used in the 
base unit, the portable unit, or both. For each unit, whatever 
the physical arrangement of that unit’s transducers with 
respect to each other, the multiple ?elds generated substan 
tially eliminates mutual inductance nulls between the two 
units which typically occurs at certain positions in a gener 
ated magnetic ?eld. In one embodiment, the multiple trans 
ducers are selectively operated based upon a strongest signal 
in order to limit power consumption. 

In one embodiment according to the invention, the system 
is a time-multiplexed short-range wireless communications 
system including a headset with the miniaturized transceiver 
that communicates with the base unit through magnetic 
induction ?elds. The headset may be of the concha type in 
which the speaker ?ts into at least one of the use’s ears 
without a strap across the head and the transceiving trans 
ducer is encapsulated into the microphone boom which is 
short and straight along the user’s cheek. Also, the base unit 
may be a portable telephone, which can be attached to the 
user, to further transmit communications from the wireless 
communication system to a separate device such as a 
cellular telephone network or a cordless telephone unit. The 
headset may ?t in a receptacle in the portable base unit in 
order to recharge the battery pack in the headset, and the 
battery pack may be recharged via the magnetic inductive 
link between the base unit and the headset. 

In one aspect, the invention relates to a magnetic induc 
tion time-multiplexed two-way short-range wireless com 
munications system. The system includes a ?rst portable unit 
and a second portable unit. The ?rst portable unit receives 
?rst unit input signals and provides ?rst unit output signals, 
and the ?rst portable unit includes a ?rst unit transducer 
system for generating a ?rst inductive ?eld based upon the 
?rst unit input signals during a ?rst time slot and for 
converting a second inductive ?eld into the ?rst unit output 
signals during a second time slot. The second portable unit 
receives second unit input signals and provides second unit 
output signals, and the second portable unit includes a 
second unit transducer system for generating the second 
inductive ?eld based upon the second unit input signals 
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during the second time slot and for converting the ?rst 
inductive ?eld into the second unit output signals during the 
?rst time slot. 

In another aspect, the invention involves a method for 
magnetic induction time-multiplexed tWo-Way short-range 
Wireless communications. During a ?rst predetermined 
period of time, a ?rst portable unit With a ?rst unit transducer 
system generates a ?rst inductive ?eld and a second portable 
unit With a second unit transducer system receives the ?rst 
inductive ?eld. During a second predetermined period of 
time, the second portable unit With the second unit trans 
ducer system generates a second inductive ?eld and the ?rst 
portable unit With the ?rst unit transducer system receives 
the second inductive ?eld. 

The foregoing and other objects, aspects, features, and 
advantages of the invention Will become more apparent from 
the folloWing description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings, like reference characters generally refer 
to the same parts throughout the different vieWs. Also, the 
draWings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. 

FIG. 1 is a schematic illustration of a Wireless commu 
nication system according to the invention. 

FIG. 2 is an illustration of a telephone handset as a base 
unit in the communication system of FIG. 1. 

FIG. 3 is an illustration of a headset utiliZed as a portable 
device in the communication system of FIG. 1. 

FIG. 4 is a schematic illustration of a transducer and 
electronics of a portable device according to the invention. 

FIG. 5 is a schematic illustration of a transducer and 
electronics of a base unit according to the invention. 

FIG. 6 is an illustration of another transducer con?gura 
tion for the base unit. 

FIG. 7A is a block diagram of a time-multiplexed short 
range Wireless communications system according to the 
invention. 

FIG. 7B is a more detailed diagram of the system of FIG. 
7A. 

DESCRIPTION 

Referring to FIG. 1, a short-range magnetic communica 
tion system 1 includes a portable device 2 and a base unit 1 
Which connects to a long-range communication network 14. 
Contained Within each of the base unit 1 and the portable 
device 2 is a short-range miniaturized magnetic induction 
transceiver 11, 12 Which can simultaneously transmit and 
receive communications signals 13. These signals may be 
voice, audio, data, or video. The communications network 
14 may be any netWork in Which it Would be desirable for 
these signals to be communicated over a terminal link 
Without Wires, such as a telephone netWork, personal com 
munications (PCS) netWork, special mobile radio (SMR) 
netWork, computer system or netWork, and video confer 
encing systems. The base unit 1 may any part of the 
communications netWork 14 from Which it Would be desir 
able to communicate to another device Without Wires; for 
example, it may be a telephone handset, PCS handset, SMR 
handset, Walkie-talkie, computer or computer peripheral 
devices, Personal digital assistant (PDA), or video game 
controller. The portable device 2 may be any device from 
Which it Would be desirable to communicate Without Wires 
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4 
to a communications netWork; for example, it may be a 
telephone headset or handset, portable computer or com 
puter peripheral device, headphone, or video input device. 

Referring to FIG. 2, one example of the base unit 1 is a 
portable telephone 10 having a plurality of number buttons 
15 and a plurality of function buttons 16. A retractable 
antenna 17 communicates With a cellular telephone netWork 
or a cordless telephone base unit. The portable telephone 10 
operates in a manner similar to that of an ordinary cellular 
or cordless telephone handset. Signals are sent to and 
received from the telephone netWork in an ordinary manner. 
The portable telephone 10 includes a transducer system 30 
Which communicates by magnetic induction With headset 
20, Which operates as the portable device 2, to provide the 
outputs and inputs to the portable telephone 10. The portable 
telephone 10 may also include a mouthpiece or earpiece (not 
shoWn) as in a regular telephone handset, alloWing the user 
to choose betWeen a conventional method of operation and 
a hands-free use afforded by the headset 20. 
The portable device 2 as a headset 20 is shoWn more fully 

in FIG. 3. It includes a body portion 23 Which houses a 
transducer 40 and processing circuitry. A speaker 22 is 
connected to the circuitry Within the body 23. An earpiece 21 
next to the speaker 22 ?ts in the user’s ear to hold the unit 
in place and to alloW the user to hear sounds from the 
speaker. A microphone boom 24 extends from the body 23 
several inches in order to place a microphone 25, located at 
the end of the boom 24, close to the user’s mouth. Altema 
tively the transducer 40 may be housed in the boom 24. A 
rechargable battery 51 is also housed in the body 23 of the 
headset 20 to provide poWer to the headset. Other features 
may be optionally included in the headset 20, such as 
sWitcher or buttons of manually activating different modes. 
For example, a capacitive sWitch or push-button could be 
used to cause the headset 20 to transmit a control signal to 
the portable phone 10 to activate muting of the microphone. 
The portable phone 10 may include a receptacle 19 for 
receiving and holding the headset 20. Depositing the headset 
in the receptacle can provide a variety of functions, in 
addition to maintaining the headset 20 and portable phone 
10 together. A sWitch can be disposed in the receptacle to 
terminate the telecommunication When the headset 20 is 
inserted or initiate the telecommunication When it is 
removed. The receptacle may also include connections to 
recharge the battery 51 in the headset 20. 
The base unit 1 and portable device 2 communicate 

through amplitude modulation of inductive ?elds, although 
other modulation methods such as frequency or phase modu 
lation could be employed. During use, the distance betWeen 
the portable device 2 and the base unit 1 typically is short. 
Since the distance is short, only an inductive ?eld is 
necessary, and little or no radiation occurs. This limits the 
operating poWer, Which alloWs a smaller siZe and Weight for 
the rechargeable battery 51 and, thus, the portable device 2. 
Furthermore, it limits interference betWeen systems operat 
ing in close proximity. Therefore, interference rejection 
circuitry may be limited or not necessary in the portable 
device 2. 

Referring to FIG. 4, for the transducer system in the 
portable device 2, the transducer 40 preferably includes a 
ferrite rod transducer having a ferrite rod 41 Within a Wire 
coil 42. The Wires from the transducer 40 are connected to 
a transceiver 27 having transmitter electronics 28 and 
receiver electronics 29. The transceiver 27 connects to the 
portable device electronics 26, the nature of Which is depen 
dent upon the function of the portable device 2. In the 
example of the portable device as a headset 20, the portable 
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device electronics Would connect to a speaker 22 and a 
microphone 25. Transmission and reception can occur at 
different frequencies, Which permits full duplex operation. 
Alternatively, separate transmitting and receiving transduc 
ers can be used. 

Referring to FIG. 5, for the base unit 1 con?guration, the 
transducer system 30 includes three orthogonally disposed 
ferrite rod transducers, each including a ferrite rod 31, 32, 33 
and a respective coil 34, 35, 36. The use of the orthogonally 
disposed transducers overcomes the occurrence of mutual 
inductance nulls in the resulting inductive ?elds. The three 
transducers are connected to multiplexer electronics 60 for 
selecting one or more of the transducers for transmission and 
reception. Circuitry may be used to select the transducer or 
transducers having the strongest signal for transmission and 
reception to reduce the total poWer consumption of the 
device. The transducer electronics 61 and receiver electron 
ics 62 provide for processing of the communications signals 
from the base unit electronics 70 and the portable device 2. 
As discussed above, for a portable telephone 10, the con 
ventional telephone speaker 71 and mouthpiece 72 may be 
eliminated so that the portable telephone 10 solely uses the 
headset 20 through the transducer system for communicat 
ing to the user. SWitching circuitry (not shoWn) Would be 
included to select betWeen the speaker 71 and microphone 
72, and the headset 20. The sWitching circuitry could be 
included in the receptacle 19 so that the speaker 71 and 
microphone 72 are disconnected When the headset 20 is 
removed. 

Referring to FIG. 6, in another embodiment of the trans 
ducer system 30 for the base unit 1, one of the ferrite rod 
transducers is replaced With a loop coil transducer 37. A loop 
coil transducer can replace any or all of the ferrite rod 
transducers. The loop coil transducer 37 is disposed in the 
plane of the remaining ferrite rod transducers. This creates 
a transducer system having a decreased depth. As shoWn in 
FIG. 2, the three orthogonal transducers can be placed in a 
corner along the sides of the portable telephone 10. 
Alternatively, the loop coil transducer 37 could be placed 
along the back of the portable phone 10, so that is could 
made thinner. 

Additionally, the transmission system can be used for 
charging the battery 51 of the portable device 2. The base 
unit 1 includes a battery charger signal generator 52 con 
nected to the transmitter 61. This generator 52 produces a 
recharging signal Which is sent through one of the ferrite rod 
transducers in the base unit 1 to the ferrite rod transducer 40 
of the portable device 2. Since, in the telephone embodiment 
of FIG. 2, the headset 20 and transducer 40 have a knoWn 
orientation When in the receptacle 19, only one transducer in 
the portable telephone 10 needs to be energiZed to transmit 
inductively the recharging signal. As shoWn in FIG. 3, the 
Wires from the transducer 40 in the portable device 2 are 
connected to a battery charger 50 Which is used to charge the 
battery 51. 

Although the communication system has been illustrated 
in connection With a concha type headset 20 and a cellular 
or cordless telephone handset 10 as a base unit 1, it is readily 
adapted for other types of headsets and uses. The headset can 
be of the over-the-head type, over-the-ear type, or binaural 
type. The system can be used as a Wireless connection to a 
conventional desktop telephone. Such a system Would oper 
ate in the manner discussed above With the cordless handset. 
Since several such units may be used in close proximity, 
interference may become more of a problem. Therefore, the 
system can be designed to operate on various frequencies 
and can select frequencies for the transmission and reception 
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6 
Which are unlikely to have signi?cant interference. 
Similarly, the system can be used With a computer, either 
stationary or portable, for voice data entry, sound 
transmission, and telephone functions. The system can also 
be used With other types of communication systems includ 
ing personal digital assistants (PDAs), cordless phones, PCS 
and SMR cellular phones, tWo Way (e.g., video games), 
tWo-Way half duplex (e.g., Walkie-talkies and CBs), or 
tWo-Way full duplex (e.g., phones). When the base unit is 
stationary and the user is likely to be at certain locations 
relative to the base unit, feWer transducers may be used in 
the base unit Without encountering mutual inductance nulls. 
Alternative transducer systems may also be used for gener 
ating the inductive ?elds. Speci?cally, rather than a single 
transducer for transmission and reception on different 
frequencies, separate transducers may be used. 

Other embodiments of a communications system accord 
ing to the invention also are possible. For example, referring 
back to FIG. 1, the base unit 1 and the portable device 2 can 
communicate through magnetic induction in both directions 
using either analog or digital signals and/or transmission 
techniques. In an embodiment in Which the information that 
is modulated on a carrier and inductively coupled from one 
unit (e.g., the portable device 2) to the other unit (e.g., the 
base unit 1) is digital data, the modulation scheme used can 
involve sWitching or keying the amplitude, frequency, or 
phase of the carrier in accordance With the incoming digital 
data. For example, the quadrature phase-shift keying 
(QPSK) modulation scheme can be employed. Other types 
of modulation schemes can be used such as quadrature 
amplitude modulation (QAM). Regardless of Whether the 
information transmitted and received is analog or digital, 
that information can represent a variety of different types of 
information such as audio, voice, music, video, data, control 
signals, etc. In some embodiments, higher carrier frequen 
cies are used to get higher bandWidth communications. For 
example, a carrier at about 2 MHZ can be used. 

In a presently preferred embodiment according to the 
invention, full duplex tWo-Way communication is achieved 
by time-multiplexing the modulated data in each direction. 
For speech, a multiplexing rate of 120 HZ can be used, and 
this corresponds to a delay of 8 milliseconds Which is 
imperceptible to a user/listener. 

Referring to FIGS. 7A and 7B, an embodiment of a 
time-multiplexed short-range Wireless magnetic communi 
cations system according to the invention includes a portable 
unit 100 (e.g., the portable device 2) and another portable 
unit 102 (e.g., the base unit 1). The tWo portable units 100, 
102 generally Will be referred to hereinafter as “Side A” and 
“Side B” for convenience. Side A includes an integrated 
circuit (IC) 104, an interface 106, and a transducer system 
107 (e.g., a single rod antenna). The IC 104 includes a 
modulator 114 for modulating the digital data, a driver 116 
for driving the rod antenna, a demodulator 118 for demodu 
lating the received signal, and a receiver 120 for recovering 
the small signal from the coil. The interface 106 includes a 
transmit coil interface circuit 122 for matching the driver to 
the coil and a receiver coil interface circuit 124 for matching 
the coil to the receiver. As for Side B, it includes an IC 108, 
an interface 110, an electronic sWitch netWork (ESN) 112, 
and a transducer system 113 (e.g., three orthogonally 
arranged rod antennaix, y, and Z). The IC 108 includes a 
modulator 126 for modulating the digital data, a driver 128 
for driving the rod antenna, a demodulator 130 for demodu 
lating the received signal, a receiver 132 for recording the 
small signal from the coil, a signal strength indicator 134 for 
measuring the received signal from each coil, and decision 
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logic 136 for selecting the best coil based on some algo 
rithm. The interface 110 includes a transmit coil interface 
circuit 138 for matching the driver to the coil and a receiver 
coil interface circuit 140 for matching the coil to the 
receiver. The ESN 112 alloWs the transmit and receive coil 
interface circuits 138, 140 to be effectively multiplexed 
betWeen the three rod antennas (x, y, and Z) of the transducer 
system 113. The ESN 112 thus provides the advantage of 
reducing the size and cost of the inductive communications 
system of the invention by eliminating redundant interface 
components that Would otherWise be needed to multiplex 
betWeen the three rod antennas. That is, Without the ESN 
112, separate transmit and receive coil interface circuits 
Would be needed for each of the three rod antennas, but With 
the ESN 112, only a single interface circuit 110 (Which 
includes one transmit coil interface circuit 138 and one 
receive coil interface circuit 140) is needed in accordance 
With the invention. 

The system of FIGS. 7A and 7B is a tWo-Way system, and 
the tWo-Way feature is implemented by time-multiplexing 
information through the inductive link betWeen Side A and 
Side B. In operation, a typical sequence of events for the 
time-multiplexed communications system of the invention 
can be as folloWs. Side A transmits information (e.g., 
encoded and time-compressed voice data) to Side B for a 
prescribed amount of time such as 8 milliseconds using the 
modulator 114, the driver 116, the interface circuit 122, and 
the rod antenna 107. Side A starts transmitting by sending 
synchronization information for a small percentage of its 
total transmit time slot (e.g., 5 percent of 8 milliseconds or 
0.4 milliseconds) referred to as the synchronization period. 
For the remainder of the transmit time slot (i.e., after the 
synchronization period but before the expiration of the 8 
millisecond transmit time), Side A sends the actual infor 
mation (e.g., the encoded and time-compressed voice data). 
Side B uses the synchronization period and timing to syn 
chronize its receiver 132 and select the best coil or rod (x, 
y, or z) on Which to receive the transmission being sent by 
Side A. The ESN 112, the interface circuit 140, the receiver 
132, the signal strength indicator 134, and the decision logic 
136 are used by Side B to determine Which rod antenna (x, 
y, or z) is the best for receiving the transmission by Side A. 
This Side B hardWare makes the determination by sequen 
tially scanning each of the three rod antennas once and 
looking for the best (i.e., strongest) signal. Depending on the 
relative orientations of the Side A antenna 107 and the Side 
B transducer system 113, signals of different strengths and 
polarities Will exist on the antennas of Side B (x, y, and z). 
It is possible that only one (or tWo) of the three rod antennas 
could have a signal While the other tWo (or one) have (or has) 
no signal. Although the three rod antennas of the transducer 
system 113 are required for full freedom of movement 
betWeen Side A and Side B, tWo rod antennas can be used 
instead of three if some preferred orientation is knoWn or 
desired regarding the tWo units (i.e., Side A and Side B). 
Also, a single rod antenna could be used at Side B, although 
such a single-antenna con?guration of Side B’s transducer 
system 113 may make it dif?cult to communicate When Side 
A and Side B start moving in an uncontrolled or unantici 
pated Way With respect to each other. At the end of the 
synchronization period, Side B starts to receive the trans 
mitted information from Side A on the rod antenna (x, y, or 
z) determined to be best. At the end of the Side A transmit 
time slot, the tWo sides (i.e., Side A and Side B) reverse 
roles, and Side B noW transmits While Side A receives. 

Side B transmits on the rod antenna it determined to be 
best for receiving from Side A during the previous time slot 
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in Which Side B Was receiving from Side A. It should be 
noted here that, unlike a practical RF communications 
system, an inductive communications system according to 
the invention has the characteristic that the transmit and 
receive paths are substantially reciprocal. That is, the rod 
antenna that is determined to be the best for reception is also 
the rod antenna that Will be best for transmission. This 
characteristic is exploited in the invention by transmitting on 
the rod antenna that Was determined to be the best for 
reception. Side B transmits (on the best rod antenna) syn 
chronization and actual information during the Side B 
transmit time slot (in the manner described above for Side A 
When it transmits during the Side A transmit time slot). The 
Side B transmit time slot can be, for example, 8 milliseconds 
in length With a beginning synchronization period of 0.4 
milliseconds folloWed by a substantive or actual information 
transmit period of 7.6 milliseconds. Side A receives the 
synchronization information and the actual information on 
its rod antenna 107. Side A uses the synchronization infor 
mation to synchronize its receiver 120. At the end of the 
synchronization period, Side A receives the actual informa 
tion transmitted by Side B during the remainder of the Side 
B transmit time slot. After the Side B transmit time slot is 
completed, the process repeats itself. That is, Side A noW 
transmits While Side B receives. 
The actual or substantive information that gets sent by 

Side A is received by Side A on the IN line into the IC 104, 
and the actual or substantive information that gets sent by 
Side B is received by Side B on the IN line into the IC 108. 
LikeWise, received and demodulated information is output 
from Side A and Side B on the OUT line of, respectively, the 
IC 104 and the IC 108. In a preferred embodiment, the 
receiving unit (Whether that is Side A or Side B) both 
receives the transmission from the other unit and collects 
actual information coming in on its IN line simultaneously. 
This alloWs that receiving unit to be prepared to transmit 
When its turn comes at the end of the current period during 
Which the other unit is transmitting. Similarly, the transmit 
ting unit, While it is transmitting via its transducer system to 
the noW-receiving unit, sends the information it just received 
in the last time slot out on its OUT line. 

Each of the units 100, 102 includes electronic storage or 
memory (not shoWn) for storing actual information that is 
input via the IN line of the unit, and that stored information 
is extracted and transmitted When it is that unit’s turn to 
transmit. The memory included in each unit 100, 102 
typically Will hold at least about 16 milliseconds of actual 
information such as voice data. 

An 8 millisecond transmit time slot has been used as an 
example above for both the Side A and Side B transmit time 
slots. Transmit time slots of other durations can be used. In 
general, the duration of the transmit time slot for both Side 
A and Side B, is selected to alloW the transmission and 
reception of a reasonable amount of information With a 
minimum of overhead While still maintaining the ability to 
track movements of the tWo portable units 100, 102 (i.e., 
Side A and Side B). 

If the system just described communicates digital data, 
the folloWing might, as an example, be the data stream or 
data packet that gets sent from one unit to the other: 

1) a synchronization header having 32 bits folloWed by 
2) l2 encryption bits folloWed by 
3) voice data represented by 512 bits folloWed by 
4) l2 termination bits. 
Variations, modi?cations, and other implementations of 

What is described herein Will occur to those of ordinary skill 



US RE40,018 E 
9 

in the art Without departing from the spirit and the scope of 
the invention as claimed. Accordingly, the invention is to be 
de?ned not by the preceding illustrative description but 
instead by the spirit and scope of the folloWing claims. 
What is claimed is: 
1. A magnetic induction time-multiplexed tWo-Way short 

range Wireless communications system, comprising: 
a ?rst unit for receiving ?rst unit input signals and 

providing ?rst unit output signals, the ?rst unit includ 
ing 
a ?rst unit transducer system for generating a ?rst 

inductive ?eld based upon the ?rst unit input signals 
during a ?rst time slot and for receiving a second 
inductive ?eld during a second time slot, the ?rst unit 
transducer system comprising at least one 
transducer, 

a ?rst unit processing circuit for modulating the ?rst 
unit input signals during the ?rst time slot, driving 
the at least one transducer With the modulated ?rst 
unit input signals during the ?rst time slot to cause 
the at least one transducer to generate the ?rst 
inductive ?eld, the receiving and demodulating the 
second inductive ?eld to produce the ?rst unit output 
signals during the second time slot, and 

a ?rst unit interface circuit for matching the ?rst unit 
transducer system to the ?rst unit processing circuit; 
and 

a second unit for receiving second unit input signals and 
providing second unit output signals, the second unit 
including 
a second unit transducer system for generating the 

second inductive ?eld based upon the second unit 
input signals during the second time slot and for 
receiving the ?rst inductive ?eld during the ?rst time 
slot, the second unit transducer system comprising at 
least three transducers Wherein each of the at least 
three transducers is arranged orthogonally With 
respect to the other transducers, 

a second unit processing circuit for modulating the 
second unit input signals during the second time slot, 
driving one of the at least three orthogonal transduc 
ers With the modulated second unit input signals 
during the second time slot to cause the one of the at 
least three orthogonal transducers to generate the 
second inductive ?eld, and receiving and demodu 
lating the ?rst inductive ?eld to produce the second 
unit output signals during the ?rst time slot, 

a second unit interface circuit for matching the second 
unit transducer system to the second unit processing 
circuit, and 

a second unit sWitch network for coupling one of the at 
least three orthogonal transducers to the second unit 
interface circuit. 

2. The system of claim 1 Wherein the ?rst unit transducer 
system comprises a single transducer. 

3. The system of claim 2 Wherein the single transducer 
comprises a rod antenna. 

4. The system of claim 1 Wherein each of the at least three 
orthogonal transducers of the second unit transducer system 
comprises a rod antenna. 

5. A method for magnetic induction time-multiplexed 
two-way short-range wireless communications, comprising: 

during a ?rst period of time, generating from a first unit 
with a first unit transducer system a first inductive field 
and receiving the first inductive?eld at a second unit 
with a second unit transducer system, the first trans 
ducer system including multiple transducers; and 
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during a second period of time, generating from the 

second unit with the second unit transducer system a 
second inductive field and receiving the second induc 
tive field at the first unit with the first transducer 
system, the second transducer system including at least 
one transducer, at least one transducer of the first or 
second transducer systems functioning as a transmitter 
and a receiver of an inductive field. 

6. The method as claimed in claim 5further including 
selecting at least one of the multiple transducers of the first 
transducer system to generate or receive the first or second 
inductive ?elds, respectively. 

7. A method as in claim 5, wherein the first unit and 
second units are portable transceiver devices. 

8. A methodfor communicating information over wireless 
links, the method comprising: 

generating a varying magnetic field from a first unit 
during a?rst time slot to transmit information over a 
wireless link, the first unit including multiple 
transducers, at least one of which functions as both a 
transmitter and receiver of a varying magnetic ?eld; 

generating a varying magnetic field from a second unit 
during a second time slot to transmit information over 
the wireless link; 

transmitting informationfrom the second unit to the?rst 
unit; and 

selecting a transducer of the first unit to generate a 
varying magnetic field depending on which of the 
multiple transducers in the first unit receives a stron 
gest signal from the second unit. 

9. A method as in claim 8further comprising: 
positioning each of the multiple transducers in the first 

unit to be uniquely oriented with respect to each other. 
10. A method as in claim 8further comprising: 
disposing a single transducer in the second unit for 

receiving informationfrom the?rst unit and transmit 
ting information from the second unit over the single 
transducer to the first unit. 

1]. A method as in claim 8further comprising: 
selecting a carrier frequency for transmitting information 

over the wireless link to avoid interference. 
12. A method as in claim 8, wherein the first unit and 

second units are portable transceiver devices. 
13. A method as in claim 8further comprising: 
transmitting termination bits at the end ofa time slot. 
14. A method as in claim 8further comprising: 
compressing the information for transmission during a 

time slot. 
15. A method as in claim 8further comprising: 
modulating the information onto a carrierfrequencyfor 

transmission during a time slot. 
16. A method as in claim 8further comprising: 
encrypting the informationfor transmission during a time 

slot. 
1 7. A method as in claim 8, wherein the?rst unit transmits 

to the second unit during the first time slot and the second 
unit transmits to the?rst unit during the second time slot. 

18. A method as in claim 17, wherein the second unit is 
disposed in a headset including a speaker and microphone, 
and the first unit is disposed in a cellular telephone device. 

19. A method as in claim 17, wherein the wireless link 
between the first unit and second units support two-way half 
duplex communication. 

20. A method as in claim 17, wherein the first unit 
transmits information over one of three transducers and the 
second unit transmits and receives over a single transducer. 
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2]. A method as in claim 17, wherein an orientation ofthe 
?rst unit relative to the second unit changes over time. 

22. A method as in claim 17, wherein the first unit is 
coupled to a communications network and the wireless link 
between the second unit and?rst unit is part ofa logical 
connection between the second unit and the communications 
network. 

23. A method as in claim 17further comprising: 
detecting which of multiple transducers disposed in the 

first unit produces a strongest received signal from the 
second unit; and 

generating a varying magnetic?eld in a time slotfrom the 
first unit on a transducer device oriented on a similar 
axes as the transducer that produces the strongest 
received signal. 

24. A method as in claim 23, wherein the?rst unit detects 
which of multiple transducers receives a strongest signal in 
a previous time slot to transmit on that transducer in a 
following time slot. 

25. A method as in claim 17further comprising: 
utilizing a portion of the first time slot to transmit syn 

chronization information from the first unit to the 
second unit. 

26. A method as in claim 25further comprising: 
synchronizing the second unit to receive during the first 

time slot based on received synchronization informa 
tion from the first unit. 

27. A method as in claim 25further comprising: 
at the second unit, receiving data information from the 

first unitfollowing receipt ofthe synchronization infor 
mation. 

28. A method as in claim 17further comprising: 
tracking movements ofthe?rst unit relative to the second 

unitfor maintaining communication over the wireless 
link. 

29. A method as in claim 17further comprising: 
at the?rst unit, processing data information received in a 
previous time slot while transmitting to the second unit 
in afollowing time slot. 

30. A method for communicating information over a 
wireless link, the method comprising: 
from a first unit including multiple transducers uniquely 

oriented with respect to each other and at least one of 
which functioning as both a transmitter and receiver of 
a varying magnetic field, generating a varying mag 
netic?eld to transmit synchronization information and 
data information over the wireless link; 

at a second unit, receiving the varying magnetic?eld and 
using the synchronization information to synchronize 
the second unit to receive the data information over the 
wireless link; 

transmitting a signalfrom the second unit; and 
selecting a transducer of the first unit to generate a 

varying magnetic field depending on which of the 
multiple transducers receives a strongest signal from 
the second unit. 

3]. A method as in claim 30, wherein the synchronization 
information is a header including multiple bit. 

32. A method as in claim 30further comprising: 
disposing a single transducer in the second unit for 

receiving informationfrom the?rst unit and transmit 
ting information from the single transducer in the 
second unit to the first unit. 

33. A method as in claim 30, wherein the wireless link 
between the first unit and second unit supports two-way full 
duplex communication. 
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34. A method as in claim 30, wherein the first unit 

transmits information over one of three transducers and the 
second unit transmits and receives over a single transducer. 

35. A method as in claim 30, wherein the second unit is 
disposed in a headset including a speaker and microphone, 
and the first unit is disposed in a cellular telephone device. 

36. A method as in claim 30, wherein an orientation ofthe 
first unit and second unit changes over time. 

37. A method as in claim 30, wherein the first unit is a 
portable transceiver device. 

38. A method as in claim 37, wherein the second unit is a 
portable transceiver device. 

39. A method as in claim 30, wherein the first unit is 
coupled to a communications network and the wireless link 
is part ofa logical connection between the second unit and 
the communications network 

40. A method as in claim 30further comprising: 
transmitting a signalfrom the second unit; and 
detecting which of multiple transducers disposed in the 

first unit produces a strongest received signal from the 
second unit; and 

generating a varying magnetic?eld in a time slotfrom the 
first unit on a transducer device oriented on similar 
axes as the transducer that produces the strongest 
received signal. 

4]. A method as in claim 30further comprising: 

at the second unit, receiving data information from the 
first unitfollowing receipt ofthe synchronization infor 
mation. 

42. A method as in claim 30further comprising: 

utilizing a portion ofthe time slot to transmit synchroni 
zation informationfrom the?rst unit to the second unit. 

43. A method as in claim 42 further comprising: 
synchronizing the second unit to receive in the time slot 

based on received synchronization information. 
44. A method as in claim 40, wherein the?rst unit detects 

which of multiple transducers receives a strongest signal in 
a previous time slot to transmit on the transducer in a 
following time slot. 

45. A method as in claim 30further comprising: 

tracking movements of the first unit relative to the second 
unitfor maintaining communication over the wireless 
link. 

46. A method as in claim 30further comprising: 
compressing the information for transmission over the 

wireless link in a time slot. 
47. A method as in claim 30further comprising: 
processing data information received in a previous time 

slot while transmitting in a reverse direction in a 
following time slot. 

48. A system for communicating information over wireless 
links, the system comprising: 

a first unit including at least two transducers to transmit 
and receive and at least one of said at least two 
transducers functioning as both a transmitter and 
receiver of a varying magnetic field, the first unit 
generating a varying magnetic?eld during a?rst time 
slot to transmit information; and 

a second unit including at least one transducer to transmit 
and receive, the second unit receiving the varying 
magnetic field during the?rst time slot to receive the 
information transmitted by the first unit, the second unit 
transmitting information to the first unit during a 
second time slot not overlapping with the?rst time slot, 
a transducer of the first unit generating a varying 
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magnetic?eld depending on which ofthe at least two 
transducers receives a strongest signal from the second 
unit. 

49. A system as in claim 48, wherein the at least two 
transducers in the first unit are uniquely oriented with 
respect to each other 

50. A system as in claim 48, wherein a single transducer 
is disposed in the second unitfor receiving informationfrom 
the?rst unit and transmitting information to the first unit. 

5]. A system as in claim 48, wherein the wireless link 
between the first unit and second unit supports two-way full 
duplex communication. 

52. A system as in claim 48, wherein the first unit 
transmits information over one of three uniquely oriented 
transducers and the second unit transmits and receives over 
a single transducer 

53. A system as in claim 48, wherein an orientation ofthe 
first unit and second unit changes over time due to motion 
of a user 

54. A system as in claim 48 further comprising: 
a first circuit to detect which of multiple transducers 

disposed in the first unit produces a strongest received 
signalfrom the second unit; and 

a second circuit to generate a varying magnetic?eld in a 
time slot from the first unit on a transducer device 
oriented on a similar axes as the transducer that 
produces the strongest received signal. 

55. A system as in claim 54, wherein the first unit detects 
which of multiple transducers receives a strongest signal in 
a previous time slot to transmit on the transducer in a 
following time slot. 

56. A system as in claim 48, wherein aportion ofthe time 
slot is used to transmit synchronization information from the 
first unit to the second unit. 

57. A system as in claim 56, wherein the second unit 
synchronizes to receive in the time slot based on the received 
synchronization information. 

58. A system as in claim 48, wherein movements ofthe 
first unit relative to the second unit are tracked for main 
taining communication over the wireless link. 

59. A system as in claim 48, wherein data information 
received in a previous time slot is processed while other data 
information is transmitted in a reverse direction in a fol 
lowing time slot. 

60. A system for communicating information over a 
wireless link, the system comprising: 

a first unit including at least two transducers to transmit 
and receive and at least one of said at least two 
transducers functioning as both a transmitter and 
receiver of a varying magnetic field, the first unit 
generating a varying magnetic field to transmit syn 
chronization information and data information over the 
wireless link; and 

a second unit including at least one transducer to transmit 
and receive, the first and second units being movable 
relative to each other, the second unit receiving the 
varying magnetic field and using the synchronization 
information to receive the data information over the 
wireless link, a transducer of the first unit generating a 
varying magnetic ?eld depending on which of the at 
least two transducers receives a strongest signal from 
the second unit. 

6]. A system as in claim 60, wherein the at least two 
transducers in the first unit are uniquely oriented with 
respect to each other. 

62. A system as in claim 60, wherein a single transducer 
is disposed in the second unitfor receiving informationfrom 
the?rst unit and transmitting information to the first unit. 
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63. A system as in claim 60, wherein the wireless link 

between the first unit and second unit supports two-way full 
duplex communication. 

64. A method as in claim 60, wherein the first unit 
transmits information over one of three uniquely oriented 
transducers and the second unit transmits and receives over 
a single transducer 

65. A system as in claim 60, wherein an orientation ofthe 
first unit and second unit changes over time due to motion 
of a user 

66. A system as in claim 60, wherein a carrierfrequency 
is selected for transmitting information over the wireless link 
to avoid interference. 

67. A system as in claim 60further comprising: 
a first circuit to detect which of multiple transducers 

disposed in the first unit produces a strongest received 
signalfrom the second unit; and 

a second circuit to generate a varying magnetic?eld in a 
time slot from the first unit on a transducer device 
oriented on a similar axis as the transducer that 

produces the strongest received signal. 
68. A system as in claim 60, wherein the?rst unit detects 

which of multiple transducers receives a strongest signal in 
a previous time slot to transmit on the transducer in a 
following time slot. 

69. A system as in claim 60, wherein aportion ofthe time 
slot is used to transmit synchronization informationfrom the 
first unit to the second unit. 

70. A system as in claim 69, wherein the second unit 
synchronizes to receive in the time slot based on the received 
synchronization information. 

7]. A system as in claim 60, wherein movements ofthe 
first unit relative to the second unit are tracked for main 
taining communication over the wireless link. 

72. A system as in claim 60, wherein data information 
received in a previous time slot is processed while other data 
information is transmitted in a reverse direction in a fol 
lowing time slot. 

73. A methodfor communicating information over wire 
less links, the method comprising: 

generating a varying magnetic field from a first unit 
during a?rst time slot to transmit information over a 
wireless link; 

generating a varying magnetic field from a second unit 
during a second time slot to transmit information over 
the wireless link; and 

transmitting termination bits at the end ofa time slot. 
74. A methodfor communicating information over wire 

less links, the method comprising: 
generating a varying magnetic field from a first unit 

during a?rst time slot to transmit information over a 
wireless link; 

generating a varying magnetic field from a second unit 
during a second time slot to transmit information over 
the wireless link; 

transmitting informationfrom the?rst unit to the second 
unit during the ?rst time slot and transmitting infor 
mationfrom the second unit to the?rst unit during the 
second time slot; 

wherein an orientation of the first unit relative to the 
second unit changes over time. 

75. A method as in claim 74further comprising: 
detecting which of multiple transducers disposed in the 

first unit produces a strongest received signal from the 
second unit; and 
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generating a varying magnetic?eld in a time slotfrom the 
first unit on a transducer device oriented on a similar 
axis as the transducer that produces the strongest 
received signal. 

76. A method as in claim 75 further including detecting 
which of the multiple transducers in the first unit receives a 
strongest signal in a previous time slot to transmit on that 
transducer in afollowing time slot. 

77. A method as in claim 74further comprising: 
utilizing a portion of the first time slot to transmit syn 

chronization information from the first unit to the 
second unit. 

78. A method as in claim 77further comprising: 
synchronizing the second unit to receive during the first 

time slot based on received synchronization informa 
tion from the first unit. 

79. A method as in claim 77further comprising: 
at the second unit, receiving data information from the 

first unitfollowing receipt ofthe synchronization infor 
mation. 

80. A method as in claim 74further comprising: 
at the?rst unit, processing data information received in a 
previous time slot while transmitting to the second unit 
in afollowing time slot. 

8]. A method as in claim 74further comprising: 
generating the magnetic?eldfrom the?rst unit in multiple 

unique orientations. 
82. A methodfor communicating information over wire 

less links, the method comprising: 
generating a varying magnetic field from a first unit 

during a?rst time slot to transmit information over a 
wireless link; 

generating a varying magnetic field from a second unit 
during a second time slot to transmit information over 
the wireless link; and 

tracking movements ofthe?rst unit relative to the second 
unitfor maintaining communication over the wireless 
link. 

83. A method as claimed in claim 82, the methodfurther 
comprising: 

operating a transducer system in the first unit, the trans 
ducer system containing multiple uniquely oriented 
transducers. 

84. A method as claimed in claim 83, the methodfurther 
comprising: 

detecting which of the multiple transducers disposed in 
the first unit produces a strongest received signal from 
the second unit. 

85. A method for communicating information over a 
wireless link, the method comprising: 
from a?rst unit, generating a varying magnetic field to 

transmit synchronization information and data infor 
mation over the wireless link and transmitting both 
types of information over one of three transducers; 

at a second unit, receiving the varying magnetic?eld at a 
single transducer used to transmit and receive and 
using the synchronization information to synchronize 
the second unit to receive the data information over the 
wireless link. 

86. A method for communicating information over a 
wireless link, the method comprising: 
from a?rst unit, generating a varying magnetic field to 

transmit synchronization information and data infor 
mation over the wireless link; 

at a second unit, receiving the varying magnetic?eld and 
using the synchronization information to synchronize 
the second unit to receive the data information over the 
wireless link; 
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transmitting a signal from the second unit; 
detecting which of multiple transducers disposed in the 

first unit produces a strongest received signal from the 
second unit; and 

generating a varying magnetic?eld in a time slotfrom the 
first unit on a transducer device oriented on similar 
axes as the transducer that produces the strongest 
received signal. 

87. A method for communicating information over a 
wireless link, the method comprising: 
from a?rst unit, generating a varying magnetic field to 

transmit synchronization information and data infor 
mation over the wireless link; 

at a second unit, receiving the varying magnetic?eld and 
using the synchronization information to synchronize 
the second unit to receive the data information over the 
wireless link; and 

tracking movements of the first unit relative to the second 
unitfor maintaining communication over the wireless 
link. 

88. A method as claimed in claim 87, the methodfurther 
comprising: 

operating a transducer system in the first unit, the trans 
ducer system containing multiple uniquely oriented 
transducers. 

89. A method as claimed in claim 88, the methodfurther 
comprising: 

detecting which of the multiple transducers disposed in 
the first unit produces a strongest received signal from 
the second unit. 

90. A system for communicating information over wireless 
links, the system comprising: 

a first unit including at least two uniquely oriented 
transducers to transmit and receive, the first unit gen 
erating a varying magnetic?eld during a?rst time slot 
to transmit information over one of the transducers; 
and 

a second unit including at least one transducer to transmit 
and receive, the second unit receiving the varying 
magnetic field during the?rst time slot to receive the 
information transmitted by the first unit, the second unit 
transmitting information to the first unit during a 
second time slot not overlapping with the?rst time slot. 

9] . A system for communicating information over wireless 
links, the system comprising: 

a first unit including at least two transducers to transmit 
and receive, the first unit generating a varying mag 
netic?eld during a first time slot to transmit informa 
tion; and 

a second unit, changing orientation over time with respect 
to the first unit, including at least one transducer to 
transmit and receive, the second unit receiving the 
varying magnetic field during the first time slot to 
receive the information transmitted by the first unit, the 
second unit transmitting information to the first unit 
during a second time slot not overlapping with the?rst 
time slot. 

92. A system for communicating information over wireless 
links, the system comprising: 

a first unit including at least two transducers to transmit 
and receive, the first unit generating a varying mag 
netic?eld during a first time slot to transmit informa 
tion; 

a second unit including at least one transducer to transmit 
and receive, the second unit receiving the varying 
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magnetic ?eld during the?rst time slot to receive the 
information transmitted by the?rst unit, the second unit 
transmitting information to the first unit during a 
second time slot not overlapping with the?rst time slot; 

a first circuit to detect which of multiple transducers 
disposed in the first unit produces a strongest received 
signalfrom the second unit; and 

a second circuit to generate a varying magnetic?eld in a 
time slot from the first unit on a transducer device 
oriented on a similar axis as the transducer that 
produces the strongest received signal. 

93. A system for communicating information over wireless 
links, the system comprising: 

a first unit including at least two transducers to transmit 
and receive, the first unit generating a varying mag 
netic?eld during a?rst time slot to transmit informa 
tion; and 

a second unit including at least one transducer to transmit 
and receive, the second unit receiving the varying 
magnetic field during the?rst time slot to receive the 
information transmitted by the?rst unit, the second unit 
transmitting information to the first unit during a 
second time slot not overlapping with the?rst time slot; 
and 

a tracking circuit coupled to the first or second units to 
track movements of the first unit relative to the second 
unit to maintain communication over the wireless link. 

94. A system for communicating information over wireless 
links, the system comprising: 

a first unit including at least two transducers to transmit 
and receive, the first unit generating a varying mag 
netic?eld during a?rst time slot to transmit infor 
mation and (ii) termination bits at the end ofthe?rst 
time slot; and 

a second unit including at least one transducer to transmit 
and receive, the second unit receiving the varying 
magnetic field during the?rst time slot to receive the 
information and termination bits transmitted by the 
first unit, the second unit transmitting information to 
the?rst unit during a second time slot not overlapping 
with the?rst time slot and (ii) termination bits at the 
end ofthe second time slot. 

95. A system for communicating information over a 
wireless link, the system comprising: 

a first unit including at least three uniquely oriented 
transducers to transmit and receive, the first unit gen 
erating a varying magnetic field to transmit synchro 
nization information and data information over one of 
the three transducers over the wireless link; and 

a second unit including at least one transducer to transmit 
and receive, the first and second units being movable 
relative to each other, the second unit receiving the 
varying magnetic field and using the synchronization 
information to receive the data information over the 
wireless link. 

96. A system for communicating information over a 
wireless link, the system comprising: 

a first unit including at least two transducers to transmit 
and receive, the first unit generating a varying mag 
netic?eld to transmit synchronization information and 
data information over the wireless link; and 

a second unit, changing orientation over time with respect 
to the first unit due to motion ofa user, including at 
least one transducer to transmit and receive, the first 
and second units being movable relative to each other, 
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18 
the second unit receiving the varying magnetic?eld and 
using the synchronization information to receive the 
data information over the wireless link. 

97. A system for communicating information over a 
wireless link, the system comprising: 

a first unit including at least two transducers to transmit 
and receive, the first unit generating a varying mag 
netic?eld to transmit synchronization information and 
data information over the wireless link; 

a second unit including at least one transducer to transmit 
and receive, the first and second units being movable 
relative to each other, the second unit receiving the 
varying magnetic field and using the synchronization 
information to receive the data information over the 
wireless link; 

a first circuit to detect which of multiple transducers 
disposed in the first unit produces a strongest received 
signalfrom the second unit; and 

a second circuit to generate a varying magnetic?eld in a 
time slot from the first unit on a transducer device 
oriented on a similar axes as the transducer that 

produces the strongest received signal. 
98. A system for communicating information over a 

wireless link, the system comprising: 
a first unit including at least two transducers to transmit 

and receive, the first unit generating a varying mag 
netic?eld to transmit synchronization information and 
data information over the wireless link; 

a second unit including at least one transducer to transmit 
and receive, the first and second units being movable 
relative to each other, the second unit receiving the 
varying magnetic field and using the synchronization 
information to receive the data information over the 
wireless link; and 

a tracking circuit coupled to the first or second units to 
track movements of the first unit relative to the second 
unit to maintain communication over the wireless link. 

99. A system for communicating information over wireless 
link, the system comprising: 

a first unit including at least two transducers to transmit 
and receive, the first unit generating a varying mag 
netic field to transmit synchronization information 
and data information over the wireless link and (ii) 
termination bits at the end ofthe?rst time slot; and 

a second unit including at least one transducer to transmit 
and receive, the first and second units being relative to 
each other, the second unit receiving the varying mag 
netic?eld and using the synchronization information to 
receive the data information and termination bits over 
the wireless link. 

100. A system for magnetic induction time-multiplexed 
two-way short-range wireless communications, the system 
comprising: 

a first unit, with a first unit transducer system including 
multiple transducers generating during a first period of 
time a first inductive field and receiving a second 
inductive?eld during a second period oftime, 

a second unit, with a second unit transducer system 
including at least one transducer, the first unit receiving 
the first inductive field during the first period of time 
and generating the second inductive field during a 
second period of time; 

at least one transducer of the first or second transducer 
systems functioning as a transmitter and a receiver of 
an inductive ?eld. 
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10]. A system as in claim 100, wherein the?rst unit and 
second unit are portable transceiver devices. 

102. A system as in claim 100 wherein: 

each of the multiple transducers in the first unit are 
positioned to be uniquely oriented with respect to each 
other. 

103. A system as in claim 100, wherein a single trans 
ducer is disposed in the second unit for receiving informa 
tion from the first unit and transmitting information to the 
first unit. 

104. A system as in claim 100, wherein the wireless link 
between the first unit and second unit supports two-way full 
duplex communication. 

105. A system as in claim 100, wherein the first unit 
transmits information over one of three uniquely oriented 
transducers and the second unit transmits and receives over 
a single transducer 

106. A system as in claim 100, wherein the second unit is 
disposed in a headset including a speaker and microphone, 
and the first unit is disposed in a wireless telephone device. 

107. A system as in claim 100, wherein an orientation of 
the first unit and second unit changes over time due to 
motion ofa user 

108. A system as in claim 100, wherein a carrier fre 
quency is selected for transmitting information over the 
wireless link to avoid interference. 

109. A system as in claim 100, wherein the first unit is a 
portable transceiver device. 

110. A system as in claim 100, wherein the second unit is 
a portable transceiver device. 

1]]. A system as in claim 100, wherein the first unit is 
coupled to a communications network and the wireless link 
between the second unit and?rst unit is part ofa logical 
connection between the second unit and the communications 
network. 

112. A system as in claim lOOfurther comprising: 
a first circuit to detect which of the multiple transducers 

disposed in the first unit produces a strongest received 
signalfrom the second unit; and 
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a second circuit to generate a varying magnetic?eld in a 

time slot from the first unit on a transducer device 
oriented on a similar axis as the transducer that 
produces the strongest received signal. 

113. A system as in claim 100, wherein the first unit 
detects which of the multiple transducers receives a stron 
gest signal in a previous second period of time to select a 
transducer with which to transmit in a following first period 
of time. 

114. A system as in claim 100, wherein a portion ofthe 
first period of time is used to transmit synchronization 
information from the?rst unit to the second unit. 

115. A system as in claim 114, wherein the second unit 
synchronizes to receive in the second period of time based on 
the received synchronization information. 

116. A system as in claim 114, wherein the second unit 
receives data information from the first unit following 
receipt ofthe synchronization information in the?rstperiod 
of time. 

117. A system as in claim 100, wherein movements ofthe 
first unit relative to the second unit are tracked for main 
taining communication over the wireless link. 

118. A system as in claim 100, wherein termination bits 
are transmitted at the end of the first and second periods of 
time. 

119. A system as in claim 100, wherein the information is 
compressed for transmission over the wireless link in the 
first or second periods of time. 

120. A system as in claim 100, wherein information is 
modulated onto a carrier frequency for transmission from 
the first unit to the second unit. 

12]. A system as in claim 100, wherein data information 
received in a previous period of time is processed while 
other data information is transmitted in a reverse direction 
in afollowing period oftime. 

122. A system as in claim 100, wherein information is 
encrypted for transmission over a wireless link between the 
first unit and second unit in the?rst or secondperiod oftime. 
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