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ELECTROMAGNETIC INDUCTION FIELD COMMUNICATION

FIELD

This disclosure relates to an apparatus and method of communicating using

electromagnetic fields.

BACKGROUND

There exist a variety of wireless systems which, illustratively, are used for

short range distance communication. Some systems are used for communication around the

human body; other systems may be used for communication in or around other objects. For

example, currently RF based hearing aids are considered for wireless communication. Often

such hearing aid systems operate in the 2.5 GHz ISM band. Such systems feature propagation

by means of transverse waves, the magnetic and electric fields being in phase and covering a

relatively large range of perhaps 30 meters. The large range may cause problems in terms of

security of the communication content and may cause interference. Furthermore, because of

their relatively high frequency of operation, such systems are heavily influenced by the

human body.

Somewhat more conventional hearing aids employ magnetic field induction as

a wireless communication method. Unfortunately, magnetic field induction based wireless

systems have a limited range if the antenna is comparatively small, such as would be required

in a hearing aid. Not all parts of the human body can be reached with magnetic field

induction-based systems with small antennas. Consequently, it can be difficult to provide

communication between a hearing aid and a hand-held control using such systems.

Fig. 1 is a circuit diagram of a prior art wireless communication system

utilizing magnetic field induction. Reference numeral 11 denotes a transmitter which may

illustratively be contained in a hearing aid designed for positioning proximate to or into one

ear. Reference numeral 13 denotes a receiver which may illustratively be contained in a

hearing aid designed for positioning proximate to or into the other ear. It is desired to have

communication between the two hearing aids so that signals transmitted from transmitter 11

and received by receiver 13 may be processed (by processing circuitry near or inside the



receiver) to enhance the user's hearing experience and make that experience more natural. In

certain implementations, bidirectional communication is also possible in which transmitter 11

and receiver 13 are transceivers. Transmitter 11 contains sources 25 and 27 and a resonant

circuit which includes coil 15 and capacitor 19. Magnetic field 291, also denoted as HI, is

generated via coil 15. Receiver 13 contains a resonant circuit formed by coil 17 and capacitor

2 1 and a low noise amplifier 23. The resonant circuit of receiver 13 resonates at the same

frequency as the resonant circuit of transmitter 11. A voltage is induced in coil 17 by

magnetic field 292, also denoted as H2, thereby creating a signal communication path. The

mutual coupling factor between coils 15 and 17 is denoted by M, reference numeral 4 1.

SUMMARY

Although the appended claims are directed to particular combinations of

features, it should be understood that the scope of the disclosure also includes any novel

feature or novel combination of features disclosed herein.

Features which arc described in the context of separate embodiments may also

be provided in combination in a single embodiment. Conversely, various features which are,

for brevity, described in the context of a single embodiment, may also be prov ided separately

or in any suitable sub-combination.

Comprehended are a communication system having a transmitter having a coil,

a capacitor which has first and second plates, the first plate being connectable to a living

body; the second plate being configured to be exposed to the environment; the transmitter

being capable of generating a combination of magnetic and electric induction fields; and a

receiver having a coil, a capacitor which has first and second plates, the first plate of the

receiver being connectable to a living body; and the second plate being connectable to the

environment; and further, there being no galvanic connection between the transmitter and

ground or between the receiver and ground. Further comprehended is a tuning capacitor in

the transmitter. In addition, there is comprehended a tuning capacitor in the receiver. Also,

the transmitter may be a transceiver and the receiver may be a transceiver. In addition, the

transmitter may be included in a hearing aid and the receiver may be included in a hearing

aid. In further embodiments, the transmitter and receiver are tuned in accordance with the



body's capacitance to effect communication therebetween. In addition, there may be included

a wireless control unit adapted to be held by the hand, such control unit communicating with

the receiver or transmitter via the electromagnetic induction field. Furthermore, there is

comprehended a control unit having a capacitor with two plates, one the plates being adapted

for contact with the body. In addition, the control unit may have a display.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram illustrative of a communication system which uses

magnetic field induction;

Fig. 2 is a circuit diagram of an illustrative embodiment of this disclosure;

Fig. 3 is a diagram of an illustrative embodiment of this disclosure;

Fig. 4 is a diagram of a communication system which uses magnetic field

induction; and that of a communication system which uses the method of this disclosure;

Fig. 5 depicts a control display unit in accordance with another embodiment;

and

Fig. 6 depicts a front view of a human body with an illustrative embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 2 shows an illustrative embodiment. Depicted arc transmitter 111 and

receiver 113. Communication between transmitter 111 and receiver 113 is accomplished via

a combination of electric field and magnetic field as will be further described. Magnetic field

129 1 is generated by current through coil 115. An electric field 13 1 can be generated by a

voltage on coupling capacitor 137. Coupling capacitor 137 has a first conducting plate

coupled to the human body 135 and a second conducting plate coupled to the env ironment as

will be further illustrated below.

Magnetic field 1291 , which may be denoted by H3, and electric field 13 1 can

be generated by the same voltage using sources 125 and 127. In this illustrative embodiment

the sources 125 and 127 are generating a balanced voltage across the coil 115. Howev er the

voltage across the coil 115 can also be unbalanced and in this case only one source is

required.



Magnetic field 1292, which may be denoted by H4, and electric field 133

(which has a different amplitude than electric field 13 1) can be received at a receiver 113

positioned at another place near the human body (perhaps in the other ear) by means of a coil

117 and a coupling capacitor 139. Coupling capacitor 139 has a first conducting plate

coupled to the human body 135 and a second conducting plate coupled to the environment as

will be further illustrated in Fig. 3 . The mutual coupling factor between coils 115 and 117 is

denoted by M, reference numeral 241 .

In Fig. 3, there are depicted capacitors 137 and 139 positioned near human

body 135. Capacitors 137 and 139 may, illustratively, be portions of a hearing aid. Both

capacitors can be formed by two conductive plates. For example, capacitor 137 may have

plates 25 1 and 253, each on an opposite side of the hearing aid. Plate 25 1 is close to or in

contact with the head of human body 135, while plate 253, which is less close to and not in

contact with the head of human body 135 (possibly on the other side of the hearing aid) is

exposed (i.e. connected) to the environment. Similarly, capacitor 139 has plates 257 and 255.

Plate 257 is close to or in contact with the head of human body 135. while plate 255 is less

close to and not in contact with the head of human body 135 is exposed (i.e. connected) to the

environment. Plates 25 1, 253, 257. and 255 are made from conductive material, illustratively

metal. The electronics required for hearing aid function, denoted by reference numerals 271

and 273. may be located between the respective plates of the two capacitors (e.g. between

plates 251 and 253). In general, plates 25 1, 253, 257, and 255 may have a variety of shapes

and may be surrounded by dielectric material as long as the overall structure, 137 and 139

performs a capacitive function. In general, the dimensions of capacitors 137 and 139 should

be small relative to the wavelength of operation. Capacitors 119 and 12 1 are provided to

resonate their respective circuits at the required operational frequency. By way of an example

embodiment, if capacitors 137 and 139 arc approximately 10 pF in value (which is somewhat

defined by coupling capacitor design), while coils I 15 and 117 are be approximately 3.7 µΗ ,

then some extra capacitance may be required to tune the circuit to the desired operational

frequency, for example 10.6 MHz. Consequently the values of capacitors 119 and 12 1 are

approximately 50.96 pF. In an embodiment, capacitors 119 and 12 1 are a capacitor bank

which may be integrated into an RF integrated circuit that is adjustable to resonate at the



required frequency. The adjustability compensates for the added capacitance due to the

human body.

In operation, illustratively, coil 115 generates a magnetic near field 1291

whose field lines are sufficient to reach coil 117 and a voltage is induced in coil 117 by

magnetic field 1292. Capacitor 137 generates an electric near field 131 between the skin of

the human user and the environment. Both the magnetic near field 1292 and electric near

field 133 are capable of being sensed by a similar circuit in receiver I 13. There is no galvanic

connection between transmitter 111 and ground. There is no galvanic connection between

receiver I 13 and ground.

Fig.2 shows an illustrative embodiment of a transmitter and receiver that

allows uni-directional communication. In another embodiment, both 111 and 117 may be also

transceivers and bi-directional communication is thus made possible.

Not illustrated in detail are driving circuitry, signal processing circuitry,

microphones, control circuitry, etc., although such items may be viewed as embodied in

blocks denoted by reference numerals 153 or 15 1 in Fig. 2 or blocks 271 or 273 in Fig. 3 .

Fig. 4 is a diagram illustrat ing comparative ranges of a communication system

which uses magnetic field induction and a communication system which uses the method of

this disclosure. In Fig. 4, the horizontal axis indicates directivity when coils 115 and 117 are

coaxial; the vertical axis indicates directivity when coils 115 and 117 arc parallel. The

directivity in case of a link using the magnetic field induction method is illustrated by line

4 11. It will be noted that the range drops significantly when moving from the case where

both coils are coaxial to the case where coils are parallel. Using the diagram of Fig. 4, if the

transmit coil 115 of Fig. 2 were located at the origin 4 19 of Fig. 4, one can see that the

receiver coil 117 can be placed in either location 42 1or 423 (which correspond, respectively,

to a coaxial orientation with respect to the transmitter coil 115 or a parallel orientation with

respect to transmitter coil 115) and best-case detection of the magnetic fi eld generated by

transmit coil 115 will be achieved. However, if the receiver coil 117 is positioned along a line

which is oriented at forty five degrees between locations 42 1 and 423, (i.e. at location 425),

the receiver coil must be placed substantially closer to the transmitter coil I 15 for adequate

detection to occur. The disclosed embodiment, however exhibits a more omnidirectional



range profile and possibly greater range. The omnidirectional profile and possibly greater

range in case of a link using electromagnetic induction fields facilitate more robust

communication.

Fig. 6 is a front view of a human body with an illustrative embodiment.

Depicted arc a human body 135; transmitter 111, with capacitor 137; and receiver 113 with

capacitor 139. Also depicted is electric field 131 and 133 (which as can be appreciated from a

view of Fig. 4 are parts of the same field). Transmitter 111 and receiver 113 are spaced apart

from human body 135 by an exaggerated distance so that the electric field lines may be

shown. It will be noted that there is no galvanic connection between transmitter 111 and

ground and there is also no galvanic connection between receiver 113 and ground. It will be

noted that the electric field lines 13 1 and 133 extend down the length of the human body 135.

Furthermore as a view of Fig. 4 has illustrated, the electromagnetic field lines extend

circumferentially around the human body 135. Consequently the electromagnetic field may

be utilized to enhance and make more reliable communication between transmitter 111 and

receiver 113. In the embodiments discussed, the coils and coupling capacitors are so small

that (i.e. less than about 5% of the wavelength of the electric 13 1 and magnetic 129 1 fields,

that there is not significant generation of iindesired transverse radiating waves.

In an embodiment, coils 115 and 117 are unscreened and smaller (ideally much

smaller) than the chosen wavelength of operation. The capacitors 137 and 139 each have one

conducting surface, i.e. 25 1 and 257 in Fig. 3, which is close to or in contact with a body,

illustratively, a human body 135. The opposing surfaces, i.e. plates 253 and 255 of Fig. 3 are

closer to the environment than the human body 135, and the size of the plates are smaller

(ideally much smaller) than the chosen wavelength of operation. Plates 253 and 25 1 are

preferably parallel and have the same shape, but it is also permissible that the plates are of

different size and only partially parallel (i.e. somewhat non-parallel) or side by side.

Similarly for plates 257 and 255.

In another embodiment, there may be a separate control and/or display unit.

Fig. 5. Depicts a control and/or display unit 5 11. Control and/or display unit 5 11 has two

plates 5 13 and 5 15 on opposite sides. Control and/or display unit 5 11 may be held in the hand

of a user. One of the plates, 5 13 or 5 15 will be held more securely in the hand than the other



and will therefore be more strongly coupled to the user's body, while the other plate will have

a somewhat stronger coupling to the environment. Control and/or display unit 5 11 is capable

of communicating with transmitter 111 or receiver 113. Illustratively, control and/or display

unit may, in combination, or individually, provide: volume control; noise reduction control;

human body parameters such as heart rate, and other items such as physical parameters

monitored around the body. Operation of the control and/or display unit is facilitated by the

electromagnetic field 129 1 and 131. In an embodiment, dimensioning and parallelism are

similar to that described for plates 253 and 255 above. Control and/or display unit may have

a display, and internal circuitry, 591 , similar to cither transmitter 111or receiver 113 (or may

have internal circuitry which is a transceiver as previously described).

Various exemplary embodiments are described in reference to specific

illustrative examples. The illustrative examples are selected to assist a person of ordinary skill

in the art to form a clear understanding of, and to practice the various embodiments.

However, the scope of systems, structures and devices that may be constructed to have one or

more of the embodiments, and the scope of methods that may be implemented according to

one or more of the embodiments, are in no way confined to the specific illustrative examples

that have been presented. On the contrary, as will be readily recognized by persons of

ordinary skill in the relevant arts based on this description, many other configurations,

arrangements, and methods according to the various embodiments may be implemented.

To the extent positional designations such as top, bottom, upper, lower have

been used in describing this invention, it will be appreciated that those designations are given

with reference to the corresponding drawings, and that if the orientation of the device changes

during manufacturing or operation, other positional relationships may apply instead. As

described above, those positional relationships are described for clarity, not limitation.

The present invention has been described with respect to particular

embodiments and with reference to certain drawings, but the invention is not limited thereto,

but rather, is set forth only by the claims. The drawings described are only schematic and are

non-limiting. In the draw ings, for illustrative purposes, the size of various elements may be

exaggerated and not drawn to a particular scale. It is intended that this invention encompasses



inconsequential variations in the relevant tolerances and properties of components and modes

of operation thereof. Imperfect practice of the invention is intended to be covered.

Where the term "comprising" is used in the present description and claims, it

does not exclude other elements or steps. Where an indefinite or definite article is used when

referring to a singular noun, e.g. "a" "an" or "the", this includes a plural of that noun unless

something otherwise is specifically stated. Hence, the term "comprising" should not be

interpreted as being restricted to the items listed thereafter; it does not exclude other elements

or steps, and so the scope of the expression "a dev ice comprising items A and B" should not

be limited to dev ices consisting only of components A and B. This expression signifies that,

with respect to the present invention, the only relevant components of the device are A and B.



CLAIMS

1. A communication system comprising:

a transmitter having a coil, a capacitor which has first and second plates, said first

plate being connectable to a living body; said second plate being configured to be

exposed to the environment; said transmitter being capable of generating an

electromagnetic induction field.

a receiver having a coil; a capacitor which has first and second plates, said first

plate being connectable to a living body; said second plate being connectiblc to the

environment;

there being no galvanic connection between said transmitter and ground or

between said receiver and ground.

2 . The system of claim 1further comprising a tuning capacitor in said transmitter.

3. The system of claim 1or 2 further comprising a tuning capacitor in said receiver.

4 . The system of any preceding claim wherein said transmitter is a transceiver and

said receiver is a transceiver.

5 . The system of any preceding claim in which said transmitter is included in a

hearing aid and in which said receiver is included in a hearing aid.

6 . The system of any preceding claim in which said transmitter and receiver are

tuned in accordance with said body ' s capacitance to effect communication.



7. The system of any preceding claim further includ ing a wireless control unit

adapted to be held by the hand; said control unit communicating with either said

receiver or transmitter via said electromagnetic induct ion field.

8. The system o f claim 7 wherein said control un it has a capacitor with two plates,

one of said plates adapted for contact with said body.

9 . The system of claim 7 or 8 wherein said control unit has a display.

10. A transmitter as defined in any preceding claim and for use in a communication

system according to any preceding claim .

11. A receiv er as defined in any of claims 1 to 9 and for use in a communication

system according to any of claims 1 to 9 .
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