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(57) ABSTRACT 

Contents of one or more received messages can be analyzed 

to determine Whether a transceiver device generating the 
inductive ?eld has already been programmed With a unique 
communication code. If not, bidirectional communications 
can be established to program the transceiver device With a 
unique communication code over an inductive link. Orien 
tation or position of a transceiver device can be used to 
initiate a process for programming a communication code. 
Generally, the communication code can de?ne a unique 
relationship betWeen tWo or more transceiver devices. 
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TECHNIQUES FOR INDUCTIVE 
COMMUNICATION SYSTEMS 

RELATED APPLICATION(S) 

[0001] This application is a continuation-in-part of US. 
Application No. 10/004,989 (attorney docket no. 
3058.1008-004) ?led on Dec. 3, 2001, and US. application 
Ser. No. 09/942,372 (attorney docket no. 3058.1008-001) 
?led on Aug. 29, 2001, and claims the bene?t of US. 
Provisional Application No. 60/301,529 (attorney docket no. 
3058.1009-000) ?led on Jun. 28, 2001, US. Provisional 
Application No. 60/296,229 (attorney docket no. 
3058.1008-000) ?led on Jun. 6, 2001, and US. Provisional 
Application No. 60/276,398 (attorney docket no. 
3058.1007-000) ?led on Mar. 16, 2001. The entire teachings 
of the above application(s) are incorporated herein by ref 
erence. 

BACKGROUND OF THE INVENTION 

[0002] Transducers have been incorporated in transceivers 
to transmit and receive inductive ?elds. In a typical appli 
cation, each of tWo transceiver devices supporting bidirec 
tional communication includes tWo speci?cally tuned trans 
ducers, one of Which is tuned for transmitting While the other 
is tuned for receiving. 

[0003] Interference can occur among transceiver devices 
When a common carrier frequency is used by the transceiv 
ers to simultaneously transmit data information. In this 
instance, it is likely that an additional transceiver device 
Within communication range can “eavesdrop” and receive 
information originally intended for another transceiver. This 
can be annoying or even detrimental if the communication 
Was intended to be con?dential. 

[0004] Unlike RF (Radio Frequency) antennas, inductive 
transducers couple to each other via magnetic ?ux. Thus, 
unique problems arise When multiple transceiver devices 
attempt to share an available bandWidth to communicate 
With each other. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed toWards an induc 
tive communication system in Which messages are received 
at a transceiver device over an inductive ?eld. 

[0006] Contents of one or more received messages can be 
analyZed to determine Whether a transceiver device gener 
ating the inductive ?eld has already been programmed With 
a unique communication code. If not, bidirectional commu 
nications can be established to program the transceiver 
device With a unique communication code over an inductive 
link. Typically, the communication code is a sequence of bits 
identifying a relationship betWeen tWo or more transceivers 
for exclusive communications. 

[0007] A communication code can be a unique identi?er 
that is transmitted in messages betWeen transceivers so that 
the recipient can identify a source of the message. If a 
received message includes an unexpected or unknoWn com 
munication code, the message can be ignored. 

[0008] An activation protocol such as orientation or posi 
tion of a transceiver can cause one or multiple transceivers 
to be initialiZed With a communication code. For example, to 
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initialiZe a pair of transceivers With a code, the transceiver 
devices can be moved in close proximity to each other. 
Proximity of a transceiver can be detected by sensing the 
strength of a received signal or orientation of an inductive 
?eld. 

[0009] FolloWing detection of a predetermined activating 
condition, a communication code can be generated and 
assigned for future use by the transceivers. As mentioned, 
the transceivers can maintain an exclusive communication 
relationship based on use of the communication code. 

[0010] In one application, a button is pressed indicating 
that a transceiver device is to be initialiZed With a code. If 
a predetermined sequence of events such as proper orienta 
tion or proximity of the transceiver device is detected Within 
a time WindoW, an initialiZation process to program a code 
is initiated. 

[0011] Another method to initiate the initialiZation process 
of establishing a communication code includes detecting a 
paging message. For example, a paging message received 
from a transceiver device can indicate a desire by a user to 
establish a communication code. Apaging message can also 
indicate a desire by a user to establish an exclusive com 
munication link using the programmed code. 

[0012] A paging message can include a data ?eld includ 
ing the communication code so that a transceiver receiving 
the message can determine Whether communications have 
been established With the transceiver device in the past. If 
the communication code received at a transceiver is a value 
unbeknoWnst to a monitoring transceiver device, a neW 
communication code for communicating can be established. 
On the other hand, if the paging message includes a code 
recogniZed by the receiving transceiver device, a commu 
nication link can be established based on the code. 

[0013] Using the communication code, a transceiver can 
determine the type of transceiver device and its functional 
ity. For example, the code can identify Whether a neWly 
linking transceiver device is a mouse or a keyboard device. 
As discussed, the initialiZation process to establish a code 
can be initiated at least in part by sensing a predetermined 
condition caused by a user. For example, a user can press a 
button on a transceiver device to activate an initialiZation 
process. Also, the user can move a transceiver device closer 
in proximity than is required for normal communications to 
initiate the initialiZation process. In general, a proximity of 
a transceiver device can be sensed based on the strength of 
a received signal. If the received signal is above a threshold 
value, it can be determined that the transceiver device is so 
close in proximity that such a condition is an indication that 
a user desires to program a transceiver With communication 
code. 

[0014] An orientation of the transceiver device can be 
detected based on an axis of a received inductive ?eld to 
determine Whether a user desires to initiate programming of 
a communication code. Proximity of a transceiver device as 
Well as orientation can be monitored to determine that a 
transceiver device should be initialiZed. 

[0015] After programming, a communication code can be 
stored to support future exclusive communications. More 
speci?cally, a base transceiver and remote transceiver can 
both store a communication code in non-volatile memory. A 
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transceiver can store different communication codes for each 
of multiple transceiver devices With Which it can commu 
nicate. 

[0016] When creating a neW link, each device can deter 
mine based on use of a communication code Whether the 
devices have communicated With each other in the past. If 
so, the initialiZation process of programming a communi 
cation code can be skipped and the transceivers can com 
municate almost immediately using a code. 

[0017] A communication code can be derived at least in 
part based on a randomly generated number. Thus, tWo 
different random transceivers are unlikely to be programmed 
With the same code. In a multi-point communication system, 
all or a portion of bits in the communication code can be 
common to multiple transceiver, thereby enabling multiple 
transceivers to communicate using a single, shared commu 
nication code. Use of such a code can be advantageous When 
a transceiver broadcasts to multiple transceivers simulta 
neously. 

[0018] As discussed, a portion of the code can identify a 
type of communication device to Which the transceiver is 
coupled. In this Way, a communication code is unique yet it 
also includes information identifying a type of transceiver. A 
format of data to be transmitted betWeen devices can be 
determined based on a code. 

[0019] In one instance, a base transceiver device is used in 
a cellular phone and a remote transceiver device is used in 
to a headset including a speaker and a microphone. Based on 
use of a communication code and bidirectional communi 
cations betWeen the transceiver devices, a user can commu 
nicate over an eXclusive inductive link betWeen the cell 
phone and headset. Auser Wearing the headset can therefore 
communicate With a remote party through a phone link 
supported by the cell phone. The transceiver devices can 
include multiple transducers so that continuous communi 
cation betWeen the headset and cell phone can be maintained 
regardless of the orientation and position of the transceiver 
devices. 

[0020] Another aspect of the present invention is directed 
toWards a system and method supporting inductive commu 
nications among multiple transceivers in a multi-point com 
munication system. In an illustrative embodiment, bidirec 
tional communications are supported betWeen pairs of 
transceivers selected from at least three transceivers. Each 
pair of communicating transceivers can be assigned one or 
more time slots in Which to communicate. At least one 
transceiver can include multiple transducer elements that are 
selectively activated to support communications betWeen 
the transceivers regardless of their orientation relative to 
each other. A transceiver can be incorporated in many types 
of devices including computer equipment, games, mobile 
phones, Personal Digital Assistants (PDA), or headsets. 

[0021] A comparator can be used to compare link qualities 
of communications of different transmit-receive transducer 
elements of the pairs of transceivers communicating With 
each other. Based on detected link quality, a controller can 
select Which of multiple potential transmit-receive trans 
ducer elements of a transceiver pair Will be used to support 
further communications. Consequently, multiple transceiv 
ers can communicate With each other over selected trans 
ducer elements. 
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[0022] In one application, at least one pair of transceivers 
includes multiple transducers to support communication at 
any angular orientation. For eXample, a ?rst transceiver 
including three orthogonal transducers can communicate 
With a second transceiver including at least one transducer. 
Each combination of transmit-receive pairs of transducers 
betWeen the transceivers can be compared to determine 
Which provides an acceptable link quality. As mentioned, a 
controller can select Which set of transducers betWeen a pair 
of transceivers is used to support future communications 
based on detected link quality. A set of transceivers can 
include a transducer in each transceiver, multiple transduc 
ers in one transceiver and a single transducer in another 
transceiver, or multiple transducers in each transceiver. 

[0023] During operation, a signal can be transmitted from 
one transceiver to multiple transceivers. Each of multiple 
transceivers can simultaneously receive the transmitted sig 
nal to determine link quality for a potential future link 
betWeen transceivers. Since multiple transceivers detect link 
quality simultaneously, less bandWidth is necessary to deter 
mine signal quality of multiple links than When the process 
is performed individually for each transceiver at different 
times. 

[0024] Link qualities can be determined by comparing 
Which of multiple transducer elements in a transceiver 
device produces a strongest signal in a receiving transceiver. 
A message can be sent from the receiving transceiver 
indicating Which of multiple transducer elements in a trans 
mitting device produces a strongest signal. Typically, the 
strongest signal is determined based on Which transducer 
element receives the largest amplitude of a received signal 
such as a voltage signal corresponding to strength of a 
received inductive ?eld. Link qualities can also be deter 
mined by comparing Which of multiple transducer elements 
in a receiving device produces a strongest signal from a 
transmitting transceiver. 

[0025] In one application, link quality can be determined 
by identifying hoW many bits in transmitted signal are 
properly received at a transceiver. 

[0026] A set of multiple transceivers in a communication 
system can include a base transceiver and at least tWo remote 
transceivers With Which the base transceiver communicates. 
The base transceiver can include multiple orthogonal trans 
ducers and each of the remote transceivers can include as 
feW as a single transducer. Based on this topology, each 
transceiver can be positioned at any angular orientation 
relative to the others, yet communication can be continu 
ously maintained via a selected pair of transmit-receive 
transducers in each base-remote transceiver pair. Commu 
nications also can be supported by activating more than tWo 
transducers to transmit or receive an inductive ?eld. 

[0027] Each of multiple remote transceivers communicat 
ing With a base transceiver can include multiple orthogonal 
transducer elements, While the base transceiver includes one 
transducer element. One of the multiple transducers in a 
remote transceiver can be selected to transmit and receive 
messages from the base transceiver including only one 
transducer. 

[0028] As previously discussed, Wireless bandWidth can 
be shared among the multiple transceivers Without interfer 
ing With each other using time slots and, optionally, com 
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munication codes. At least a portion of the Wireless band 
Width can be allocated for receiving paging signals from 
other transceiver devices trying to establish a communica 
tion link. Consequently, paging transceivers can share a 
Wireless bandWidth With other transceivers already commu 
nicating With each other. 

[0029] As mentioned, a group of transceivers communi 
cating With each other can utiliZe communication codes to 
support exclusive communications. A neW transceiver not 
yet initialiZed With a communication code can initiate a 
programming routine in Which a communication code is 
assigned for communications. To establish a neW commu 
nication code or relationship betWeen transceiver devices, a 
transceiver can send paging signals to a base transceiver 
that, in response to an activation sequence, generates a 
unique communication code for bidirectional communica 
tions. Typically, a communication code is transmitted in 
each message so that a receiving transceiver can identify that 
the message is generated from a particular device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the 
folloWing more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
draWings in Which like reference characters refer to the same 
parts throughout the different vieWs. The draWings are not 
necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

[0031] FIG. 1 is a pictorial diagram of a Wireless com 
munication system according to certain principles of the 
present invention. 

[0032] FIG. 2 is a block diagram of transceiver devices 
and corresponding circuit components according to certain 
principles of the present invention. 

[0033] FIG. 3 is a block diagram of a hub topology in 
Which a base transceiver communicates With multiple 
remote transceiver devices according to certain principles of 
the present invention. 

[0034] FIG. 4 is a timing diagram illustrating a bandWidth 
partitioned into time slots according to certain principles of 
the present invention. 

[0035] FIG. 5 is flow chart illustrating a method to estab 
lish communication and program a transceiver device With 
a communication code according to certain principles of the 
present invention. 

[0036] FIG. 6 is a flow chart illustrating a method of 
activating an initialiZation process to program a transceiver 
device With a communication code according to certain 
principles of the present invention. 

[0037] FIGS. 7A and 7B are state diagrams illustrating 
transceiver modes of operation according to certain prin 
ciples of the present invention. 

[0038] FIG. 8 is a timing diagram of a remote transceiver 
device paging a base transceiver to establish communica 
tions according to certain principles of the present invention. 

[0039] FIGS. 9A and 9B are state diagrams illustrating 
transceiver modes according to certain principles of the 
present invention. 
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[0040] FIG. 10 is a timing diagram illustrating hoW mul 
tiple transceiver devices share bandWidth according to cer 
tain principles of the present invention. 

[0041] FIG. 11 is a timing diagram illustrating hoW mul 
tiple transceiver devices share bandWidth according to cer 
tain principles of the present invention. 

[0042] FIG. 12 is a timing diagram illustrating hoW band 
Width can be dynamically allocated to a neW remote trans 
ceiver according to certain principles of the present inven 
tion. 

[0043] FIG. 13 is a timing diagram illustrating a method 
of implementing diversity checks according to certain prin 
ciples of the present invention. 

[0044] FIG. 14 is a block diagram illustrating hoW mul 
tiple transceiver devices can communicate With each other 
over a shared inductive bandWidth according to certain 
principles of the present invention. 

[0045] FIG. 15 is a timing diagram illustrating time slot 
assignment of multiple pairs of communicating transceiver 
devices according to certain principles of the present inven 
tion. 

[0046] FIG. 16 is a block diagram of multiple transceivers 
and corresponding transducer elements according to certain 
principles of the present invention. 

[0047] FIG. 17 is a block diagram illustrating a method of 
implementing diversity checks according to certain prin 
ciples of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] A description of preferred embodiments of the 
invention folloWs. 

[0049] FIG. 1 is a pictorial diagram of a Wireless com 
munication system according to certain principles of the 
present invention. As shoWn, Wireless communication sys 
tem 100 includes cellular phone device 130 and headset 110. 
Generally, headset 110 is Worn by a user to communicate 
With a remote party over one or multiple Wireless links. For 
eXample, inductive link 122 supports communications 
betWeen a user Wearing headset 110 and cell phone 130. 
Radio Frequency (RF) link 127 supports communications 
betWeen cell phone 130 and cellular base station 125. Base 
station 125 is coupled to netWork 129 such as a PSTN 

(Public SWitching Telephone NetWork). 
[0050] Instead of holding cell phone 130 to one’s ear as is 
ordinarily done to communicate over a telephone With a 
remote party, a user Wearing headset 110 can communicate 
With the party using headset 110. For eXample, a user can 
speak into microphone 112 to convey a voice signal to a 
remote party through inductive link 122 and RF link 127. In 
a reverse direction, voice signals generated by a remote user 
at the other end of phone 130 are conveyed through RF link 
127 and inactive link 122 to headset 110. The voice signal 
received at headset 110 are generated over speaker 180. 

[0051] Speech generated by a user is detected by micro 
phone 112 and modulated onto an inductive carrier fre 
quency of inductive link 122. The inductive signal including 
voice information transmitted from headset 110 is received 
and demodulated at base transceiver 120. Base transceiver 
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120 converts the voice signal into a protocol accepted by cell 
phone device 130. Cell phone 130 receiving the voice signal 
transmits it over Wireless link 127 using standard techniques 
such as those based on use of CDMA (Code Division 
Multiple Access) technology. 
[0052] In a reverse direction, signals generated by the 
remote party at the other end of phone 130 are communi 
cated through base station 125. The signals are formatted for 
transmission over radio link 127 to cell phone 130 using 
standard protocols. The signal received at phone 130 is then 
reformatted into an appropriate protocol for reception at 
base transceiver 120 that processes the signal and re-gener 
ates the information over inductive link 122 to headset 110. 
Accordingly, a sound output that is otherWise generated at 
cell phone 130 is instead generated at speaker 180 for a user 
Wearing headset 110. 

[0053] While Wearing headset 110, a user can communi 
cate hands-free Without otherWise being entangled in Wires 
connecting cell phone 130 and headset 110. According to 
one aspect of the present invention, inductive coupling 
techniques are used to minimiZe the siZe and therefore the 
burden of Wearing or using headset 110. 

[0054] In one application, headset 110 communicates With 
base transceiver 120 up to several meters aWay. Thus, cell 
phone 130 can be held at a distance from user or, at a 
minimum, aWay from the user’s head. 

[0055] Although communication system 100 is directed 
toWards a Wireless headset device, it should be noted that a 
combination of base transceiver 120 and remote transceiver 
116 can be used in other Wireless applications as Well. For 
eXample, base transceiver 120 can be coupled to a Wired 
telephone device so that a user can communicate hands-free 
While Wearing headset 110 in an of?ce setting or the like. 
Additionally, the transceivers can be used in other short 
range applications Where the use of inductive technology for 
Wireless voice or data transmissions is appropriate. 

[0056] Base transceiver 120 can include electronic com 
ponents housed in a rigid body made from plastic or other 
durable material. In one application, base transceiver 120 is 
removably attached to cell phone 130. Alternatively, base 
transceiver 120 is coupled to cell phone 120 using a cable 
Wire through a 2.5 mm jack or other suitable phone con 
nector. In yet another application, base transceiver 120 is 
integrated into cell phone 130 so that it does not protrude 
from the end of cell phone 130. 

[0057] While in an operational state, communication sys 
tem 100 can utiliZe TDD (Time Division DupleXed) tech 
niques to communicate. More speci?cally, a usable band 
Width at a chosen carrier frequency such as 12 MHZ can be 
partitioned into time slots shared by tWo or more commu 
nicating transceivers. An advantage of using inductive tech 
nology is the reduced interference among multiple users that 
share use of a common carrier frequency. Typically, induc 
tive communication signals are very dif?cult to detect at 
distance greater than several meters aWay, so the effects of 
an inductive ?eld generated by one remote user can be 
negligible to another remote user. HoWever, techniques 
discussed in this speci?cation can be used to reduce inter 
ference With users Within close range of each other. 

[0058] FIG. 2 is a block diagram illustrating electronic 
circuitry supporting inductive communications according to 
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certain principles of the present invention. As shoWn, base 
transceiver 120 can include three orthogonally disposed 
transducer elements, each of Which can be dynamically 
tuned for transmitting and receiving information over induc 
tive link 122. Remote transceiver 116 can include a single 
transducer element 166 for transmitting and receiving infor 
mation over inductive link 122. Based on this topology, base 
transceiver 120 and remote transceiver 116 can maintain 
continuous communication regardless of their orientation 
relative to each other. 

[0059] Although base transceiver 120 is shoWn including 
three transducer elements, namely, X-transducer 136, 
y-transducer 137 and Z-transducer 138, the number of trans 
ducers used in an application can vary. For eXample, base 
transceiver 120 can include as feW as only a single trans 
ducer or as many transducers that ?t in a transceiver device. 
Similarly, remote transceiver 116 can include any number of 
transducers such as three orthogonal transducers to support 
bidirectional communications With base transceiver 120. 

[0060] Typically, an appropriate number of transducers are 
employed in each transceiver device so that base transceiver 
120 and remote transceiver 116 can communicate With each 
other regardless of their orientation or position using induc 
tive ?elds. In certain applications, feWer transducers are 
necessary in a transceiver because it is knoWn that certain 
orientations of the transceivers relative to each other are not 
possible or alternative transducer con?gurations produce the 
required magnetic ?eld for communication. 

[0061] Either transceiver device can be ?Xed so that its 
orientation does not vary With respect to a complementary 
transceiver. HoWever, in the application as mentioned in 
FIG. 1, an orientation of either transceiver device can vary. 
For eXample, a user carrying phone 130 in his pocket While 
Walking can enjoy continuous connectivity With phone 130 
over headset 110. In this case, both transceiver devices are 
subject to random orientation and position. 

[0062] As shoWn in FIG. 2, base transceiver 120 can 
include controller 115 such as an ASIC (Application Speci?c 
Integrated Circuit), Which is electrically connected to tuner 
circuit 130 via transmit lines 132, receiver lines 133, and 
sWitch control lines 134. Tuner circuit 130 is connected to a 
set of three orthogonal transducers, including X-transducer 
136, y-transducer 137, and Z-transducer 138. In general, 
tuner circuit 130 can select a transducer element and adjust 
its characteristics for transmitting and receiving inductive 
signals. 

[0063] Base transceiver 120 can be also electrically and 
logically connected to base crystal 129, memory 125 such as 
EEPROM, audio line 135, audio/data line in 140, control/ 
status line 141, and poWer source 190. 

[0064] Remote transceiver 116 can include controller 145, 
Which is electrically connected to tuner circuit 160 via 
remote lines 162, receive lines 163, and sWitch control lines 
164. Remote transceiver 110 can also include remote crystal 
150 frequency source, memory 155 such as EEPROM, 
audio/data line out 170, audio/data line in 165, and volume 
control line 185. In a voice application as mentioned, 
headset 110 includes microphone 175 and speaker 180. 
PoWer source 195 can be used to poWer circuitry in remote 
transceiver 116. 
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[0065] In one application, controller 115 and controller 
145 utilize Time Division Duplexing (TDD) and Gaussian 
Minimum Shift Keying (GMSK) to transmit and receive 
data information. 

[0066] If used, custom-designed CMOS (Complementary 
Metal Oxide Semiconductor) chips support full duplex 
transmission of audio and data. Other circuit technologies 
can be used but may not necessarily provide the loW poWer 
and design advantages that CMOS semiconductor chips 
provide. 
[0067] Typically, crystal 129 and crystal 150 are 9.8 MHZ 
frequency sources. Other suitable crystals can be used 
depending on the application. 

[0068] Memory 125 and memory 155 can be EEPROM 
(Electrically Erasable Programmable Read Only Memory). 
Each memory device can include grounding pins that iden 
tify the “personality” of a transceiver device (e.g., a mouse, 
a keyboard, or gaming joystick, Personal Digital Assistant, 
stereo, global positioning system, radio, MP3 player). 
Accordingly, the grounding pins can be used to select 
speci?c softWare functions for use in a particular transceiver 
device. 

[0069] X-transducer 136, y-transducer 137, Z-transducer 
138, and single transducer 166 can be transducer coils 
having a ferrite core. Microphone 175 can be a miniature 
microphone such as Panasonic part number WM-66DC103. 
Typically, poWer source 190 and poWer source 195 are 
rechargeable button cells such as NiMH 40 mA-Hr units. 

[0070] In a phone application as discussed in FIG. 1, 
controller 115 receives audio or data information via input 
audio/data line 140, converts the received information from 
analog to digital for processing (if it is analog audio), and 
drives the information to impedance tuning circuit 130 that 
drives x-transducer 136, base y-transducer 137, and base 
Z-transducer 138 for transmission. The transducers generate 
a magnetic induction ?eld 122, such that remote headset unit 
110 receives the transmitted signals. Transmitted signals on 
inductive ?eld 122 are received by remote unit transducer 
166. The signals are sent to controller 145 and are converted 
to a digital protocol for processing. RaW digital data is then 
converted to an analog signal to drive speaker 180. The 
process may also be reversed such that remote headset unit 
110 sends signals to base transceiver 120. 

[0071] Logic Within controller 115 and controller 145 
controls base and remote sWitch lines 134 and 164 in order 
to operate tuner circuits 130 and 160 that are used to adjust 
characteristics of the transducers. Base and remote transmit 
lines 132 and 162, and base and remote receive lines 133 and 
163 assist in operating base unit 105 and remote unit 1110 
in either transmit or receive mode. Base and remote transmit 
lines 132 and 162 support the operation of base unit 105 and 
remote unit 110 at maximum poWer and loW impedance for 
transmitting; While base and remote receive lines 133 and 
163 support a parallel tuned netWork for receiving. 

[0072] In one application, poWer source 190 and poWer 
source 195 are battery devices. In other applications, base 
poWer source 190 and second poWer source 195 can be 
supplied through an automobile cigarette lighter, or may be 
directly supplied via Wall current. 

[0073] Base and remote control/status lines 141 and 185, 
can be used to “Wake up” the devices from a very loW-poWer 
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operating mode. In another example, base and remote con 
trol/status lines 141 and 185 can be used to instruct con 
troller 115 and controller 145 to “page” the other device to 
“Wake-up” a link. Instructions for controlling these commu 
nications can be stored in memory 125 and 155. 

[0074] FIG. 3 is a block diagram of a point-to-multi-point 
inductive communication system according to certain prin 
ciples of the present invention. As shoWn, base transceiver 
120 can maintain communication With one or multiple 
remote transceivers 116-1, 116-2 . . . 116-n over respective 

inductive links 122-1, 122-2, . . . 122-n. As discussed, each 
transceiver can include as feW as a single transducer element 
or multiple orthogonal transducer elements. Brie?y, FIG. 14 
is a block diagram of yet another topology in Which multiple 
transceivers communicate With each other. This Will be 
discussed in more detail later in this speci?cation. 

[0075] FIG. 4 is a timing diagram of a time-slotted 
inductive communication system according to certain prin 
ciples of the present invention. Each frame 462 includes 
?eld A and ?eld B for transmitting and receiving data in 
respective time slots or data ?elds. Although diagram 400 
depicts an approximate ratio of 50% transmitting to 50% 
receiving betWeen transceivers, apportionment of a band 
Width and use of particular data ?elds can vary depending on 
the application. 

[0076] Both ?eld A and ?eld B are broken doWn into four 
transmit time slots 405 and four receive time slots 410 that 
alternate in a time sequence. An additional time slot can be 
used for link management. For example, a time slot such as 
diversity slot 492 in ?eld A and B can be allocated for 
diversity checks, Which are noted as TX-A and TX-B. 

[0077] A diversity check is used to test Whether other 
uniquely oriented transducer devices support more ef?cient 
communications. More speci?cally, a diversity time slot 492 
can be used by base transceiver 120 or remote transceiver 
116 to monitor a quality of a received signal transmitted on 
a different transducer axis. If one transducer coil provides 
better coupling, e.g., greater detected signal strength at a 
receiver, future bit information can be transmitted or 
received on that transducer coil. 

[0078] It should be noted that there are a number of Ways 
to implement diversity checks. For example, in one appli 
cation, a transceiver device can potentially include three 
orthogonal transducers, namely, x-transducer 136, y-trans 
ducer 137 and Z-transducer 138. Each of the three axes of the 
individual transducers can be tested to determine Whether a 
link betWeen a single transducer and either x, y or Z is more 
optimal. More speci?cally, a signal can be transmitted to 
transducers x, y and Z. It can be determined Which of the 
three axes is optimal for transmitting based on a comparison 
of Which transducer receives a strongest received signal. 
This is one possible method of performing a diversity check. 

[0079] Additional axes can be tested in addition to those of 
each transducer device x, y and Z. For example, multiple 
transducers can be simultaneously selected to transmit or 
receive an inductive ?eld. Thus, combinations of additional 
axes produced by simultaneously activating transducers x-y, 
transducers y-Z, and transducers x-Z can be tested using 
additional diversity checks. Also, all three transducers can 
be activated simultaneously to produce yet another axis on 
Which to perform a diversity check. 
























