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(57) Abstract: A first electronic device may include a first electronic circuit and a second electronic circuit is provided. The first
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CONTACTLESS SIGNAL SPLICING

TECHNICAL FIELD

The disclosure relates to data transfer using Extremely High Frequency (EHF)

communications devices. More particularly, the disclosure relates to contactless monitoring

or other control of a first device by a second device using EHF communication.

BACKGROUND

Advances in semiconductor manufacturing and circuit design technologies have

enabled the development and production of integrated circuits (ICs) with increasingly higher

operational frequencies. In turn, electronic products and systems incorporating such

integrated circuits are able to provide much greater functionality than previous generations of

products. This additional functionality has generally included the processing of increasingly

larger amounts of data at increasingly higher speeds.

Many electronic systems include multiple printed circuit boards (PCBs) upon which

these high-speed ICs are mounted, and through which various signals are routed to and

from the ICs. In electronic systems with at least two PCBs and the need to communicate

information between those PCBs, a variety of connector and backplane architectures have

been developed to facilitate information flow between the boards. Unfortunately, such

connector and backplane architectures introduce a variety of impedance discontinuities into

the signal path, resulting in a degradation of signal quality or integrity. Connecting to boards

by conventional means, such as signal-carrying mechanical connectors, generally creates

discontinuities, requiring expensive electronics to negotiate. Conventional mechanical

connectors may also wear out over time, require precise alignment and manufacturing

methods, and are susceptible to mechanical jostling. Finally, conventional mechanical

connectors are bulky in comparison to other components typically found mounted on a PCB

or otherwise within an apparatus such as a portable electronic device, thus adding significant

bulk to the overall dimensions of the device. This is true when the mechanical connector is

between two internal circuits, and especially true when the mechanical connector is

configured to allow connection between two devices.

BRIEF SUMMARY

In an example, an electronic device may include a first electronic circuit and a second

electronic circuit. The electronic device may also have an internal communication link

providing a signal path for conducting communication signals between the first electronic

circuit and the second electronic circuit. An interface circuit operatively coupled to the

internal communication link. The interface circuit may include an extremely high frequency

(EHF) communications circuit configured to receive an EHF electromagnetic signal from an

external device and generate from the received EHF electromagnetic signal a receive



communication signal. This receive communication signal may be selectively applied by the

interface circuit to the internal communication link. The external device may control the

electronic device with the EHF electromagnetic signal.

In another example, an electronic device may include a first electronic circuit and a

second electronic circuit. The electronic device may also have an internal communication

link providing a signal path for conducting communication signals between the first electronic

circuit and the second electronic circuit. An interface circuit may be operatively coupled to

the internal communication link. The interface circuit may include an EHF communications

circuit configured to transmit to an external device an EHF electromagnetic signal

representative of a communication signal conducted on the internal communication link. The

external device may use such an EHF electromagnetic signal to monitor the electronic

device.

In another example, an electronic device may include a controller configured to

generate a transmit communication signal appropriate for controlling an operation of an

external device by applying the transmit communication signal to a communication link

between two circuits in the external device. Also, an extremely high frequency (EHF)

communications circuit operatively coupled to the controller and configured to convert the

transmit communication signal into a transmit EHF electromagnetic signal and transmit the

transmit EHF electromagnetic signal to the external device.

In another example, an electronic system may include a first device and a second

device external to the first device. The first device may include a first electronic circuit, an

operational component and an internal communication link providing a signal path for

conducting communication signals between the first electronic circuit and the operational

component. A first interface circuit may be operatively coupled to the internal communication

link and include a first EHF communications circuit configured to receive an EHF

electromagnetic signal from an external device and generate from the received EHF

electromagnetic signal a receive communication signal, the interface circuit selectively

applying the receive communication signal to the internal communication link.

The second device may include a controller configured to generate a transmit

communication signal appropriate for controlling an operation of an external device by

applying the transmit communication signal to a communication link between two circuits in

the external device. A second EHF communications circuit may be operatively coupled to the

controller and configured to convert the transmit communication signal into a transmit EHF

electromagnetic signal and transmit the transmit EHF electromagnetic signal to the first

device. Further, the first and second EHF communication circuits may provide an EHF

electromagnetic communication link when the first device and the second device are

positioned with the first EHF communication circuit and the second EHF communication



circuit in proximity.

In yet another example, a method of communication between a first EHF-

communication enabled device and a second EHF-communication enabled device is

provided. In the method the first EHF-communication enabled device may be placed in close

proximity to the second EHF-communication enabled device. Thereafter, the first EHF-

communication enabled device may transmit an EHF signal and the second EHF-

communication enabled device may receive the EHF signal transmitted by the first EHF-

communication enabled device. This signal may then be interpreted by the first EHF-

communication enabled device, and a response to the interpreted EHF signal is generated

by enabling at least one of monitoring of the second EHF-communication enabled device by

the first EHF-communication enabled device and controlling by the first EHF-communication

enabled device a function of the second EHF-communication enabled device.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of methods and apparatus that are believed to be novel are set forth

with particularity in the appended claims. The following description references the

accompanying drawings. These drawings and the associated description are provided to

illustrate some embodiments of the inventions, and not to limit the scope of the inventions.

Fig. 1 shows a side view of an exemplary communication unit including an IC

package and PCB;

Fig. 2 is an isometric view of another exemplary communication unit including an IC

package with external circuit conductors;

Fig. 3 is a block diagram showing two illustrative devices communicating via EHF

communication circuits;

Fig. 4 is a block diagram showing another example of two illustrative devices

communicating via EHF communication circuits;

Fig. 5 is an isometric view of a portion of two illustrative devices communicating via

two pairs of EHF communication units;

Fig. 6 is an isometric view of a portion of two other illustrative devices communicating

via one pair of EHF communication units; and

Figs. 7A and 7B show simplified isometric views of two illustrative devices in spaced

relationship without intercommunication and in proximity with intercommunication.

Figs. 8A and 8B show simplified block diagrams of the devices of Figs. 7A and 7B in

spaced and proximal positions.

Those with ordinary skill in the art will appreciate that the elements in the figures are

illustrated for simplicity and clarity and are not necessarily drawn to scale. For example, the

dimensions of some of the elements in the figures may be exaggerated, relative to other

elements, in order to improve the understanding of the disclosure.



There may be additional structures described in the description that are not depicted

in the drawings, and the absence of such a drawing should not be considered as an

omission of such design from the specification.

DETAILED DESCRIPTION

Before describing the present invention in detail, it should be observed that the

present invention utilizes apparatus components and method steps related to electronic

devices capable of EHF communication. Accordingly the apparatus components have been

represented where appropriate by conventional symbols in the drawings, showing specific

details that are pertinent for an understanding of the present invention so as not to obscure

the disclosure with details that will be readily apparent to those with ordinary skill in the art

having the benefit of the description herein. While the specification concludes with the claims

defining the features that are regarded as novel, it is believed that the claims will be better

understood from a consideration of the following description in conjunction with the

drawings.

As required, detailed embodiments are disclosed herein; however, it is to be

understood that the disclosed embodiments are merely exemplary of the claimed elements,

which can be embodied in various forms. Therefore, specific structural and functional details

disclosed herein are not to be interpreted as limiting, but merely as a basis for the claims

and as a representative basis for teaching one skilled in the art to variously employ the

disclosed concepts in an appropriate structure. Further, the terms and phrases used herein

are not intended to be limiting but rather to provide an understandable description of the

subject matter.

Furthermore, in today's society and ubiquitous computing environment, high-

bandwidth modular and portable memory devices are being used increasingly. Methods and

apparatus using EHF communication may provide secure, stable, and high-bandwidth

communication between and within these devices.

An example of an EHF communications unit is an EHF comm-link chip. Throughout

this disclosure, the terms comm-link chip, comm-link chip package, and EHF communication

link chip package will be used to refer to EHF antennas embedded in IC packages.

Examples of such comm-link chips are described in detail in U.S. Provisional Patent

Applications Ser. Nos. 61/491 ,81 1, 61/467,334, 61/485,543, and 61/535,277, all of which are

hereby incorporated in their entireties for all purposes. Comm-link chips are an example of a

communication device, also referred to as communication unit, whether or not they provide

wireless communication and whether or not they operate in the EHF frequency band.

Fig. 1 shows a representative side view of a communication unit 100 including an IC

package 102 flip-mounted to an exemplary printed circuit board (PCB) 104. In this example,

it may be seen that IC package 102 includes a die 106, a ground plane 108, an antenna 110,



bond wires, including bond wire 112, connecting die 106 to the antenna 110. Die 106,

antenna 110, and bond wires 112 are mounted on a package substrate 114 and

encapsulated in encapsulating material 116. Ground plane 108 may be mounted to a lower

surface of die 106, and may be any suitable structure configured to provide an electrical

ground for die 106. The PCB 104 may include a top dielectric layer 118 having a major face

or surface 120. IC package 102 is flip-mounted to surface 120 with flip-mounting bumps 122

attached to a metallization pattern (not shown).

Die 106 may include any suitable structure configured as a miniaturized circuit on a

suitable die substrate, and is functionally equivalent to a component also referred to as a

chip or an integrated circuit (IC). A die substrate may be any suitable semiconductor

material; for example, a die substrate may be silicon. In an embodiment, die 106 may have a

length and a width dimension, each of which may be about 1.0 mm to about 2.0 mm, and

preferably about 1.2 mm to about 1.5 mm. Die 106 may be mounted with further electrical

conductors, such as a lead frame, (not shown in Fig. 1) , providing connection to external

circuits. Further, a transformer (not shown) may also be provided to provide impedance

matching between a circuit on die 106 and antenna 110.

Antenna 110 may be in the form of a folded dipole or a loop antenna. In an example,

antenna 110 may be configured to operate at radio frequencies such as in the EHF

spectrum, and may be configured to transmit and/or receive electromagnetic signal, in other

words to act as a transmitter, a receiver, or a transceiver. Antenna 110 may be separate

from but operatively connected to the 106 by suitable conductors like the bond wires 112,

and may be located proximal to die 106. In an embodiment, dimensions of antenna 110 are

suitable for operation in the EHF band of the electromagnetic frequency spectrum.

Encapsulating material 116 may be used to assist in holding the various components

of the IC package 102 in fixed relative positions. Encapsulating material 116 may be any

suitable material configured to provide electrical insulation and physical protection for the

electrical and electronic components of IC package 102. For example, encapsulating

material 116, also referred to as insulating material, may be a mold compound, glass,

plastic, or ceramic. The encapsulating material may also be formed in any suitable shape.

For example, the encapsulating material may be in the form of a rectangular block,

encapsulating all components of the IC package except the unconnected ends of conductors

connecting the die to external circuits. External connections may be formed with other

circuits or components. For example, external connections may include ball pads and/or

external solder balls for connection to a printed circuit board.

PCB 104 may further include a layer 124 spaced from the surface 120 made of

conductive material forming a ground plane within the PCB. The PCB ground plane may be

any suitable structure configured to provide an electrical ground to circuits and components



on PCB 104.

Turning to Fig. 2 , another exemplary communication unit 200 is shown including an

IC package 202 with external circuit conductors 204 and 206. In this example, IC package

202 may include a die 208, a lead frame 210, conductive connectors 212 in the form of bond

wires, an antenna 214, encapsulating material 216, and other components not shown to

simplify the illustration. Die 208 may be mounted in electrical communication with lead frame

210, which may be any suitable arrangement of electrical conductors or leads 218

configured to allow one or more other circuits to operatively connect with the die. The

antenna may be constructed as a part of the manufacturing process that produces the lead

frame.

Leads 218 may be embedded or fixed in a lead frame substrate 220, shown in

phantom lines, corresponding to package substrate 114. The lead frame substrate may be

any suitable insulating material configured to substantially hold the leads in a predetermined

arrangement. Electrical communication between the die and the leads of the lead frame may

be accomplished by any suitable method using the conductive connectors. As mentioned,

conductive connectors 212 may include bond wires that electrically connect terminals on a

circuit of die 208 with corresponding lead conductors 218. For example, a conductor or the

leads may include a plated lead 222 formed on an upper surface of lead frame substrate

220, a via 224 extending through the substrate, a flip-mounting bump 226 mounting the IC

package 202 to a circuit on a base substrate, such as a PCB, not shown. The circuit on the

base substrate may include external conductors, such as external conductor 204, which for

example, may include a strip conductor 228 connecting bump 226 to a further via 230

extending through the base substrate. Other vias 232 may extend through the lead frame

substrate 220 and there may be additional vias 234 extending through the base substrate.

In another example, die 208 may be inverted and conductive connectors 212 may

include bumps, or die solder balls, as described previously, which may be configured to

electrically connect points on a circuit of the die directly to corresponding leads 218 in what

is commonly known as a "flip chip" arrangement.

In one example, first and second communication units, similar to communication

units 100 and 200 may be co-located on a single PCB and may provide intra-PCB

communication. In other examples, a first communication device may be located on a first

PCB and a second communication device may be located on a second PCB and may

therefore provide inter-PCB communication. In an embodiment, either of the two

communication devices may be configured to transmit and/or receive electromagnetic

signals, providing one- or two-way communication between the first and the second

communication devices respectively, and accompanying electronic circuits or components.



Referring now to Fig. 3 , a block diagram depicting an electronic system 300 that

includes a first electronic device 302 and second electronic device 304 external to and

configured to enable monitoring or other control of the first electronic device.

First electronic device 302 includes a first electronic circuit 306, a second electronic

circuit 308, and an internal communication link 310 providing a signal path for conducting

communication signals between the first and second electronic circuits. The first and second

electronic circuits may be portions of a larger circuit or may be separate circuits with different

functionality. Further, the first electronic device 302 may also inlcude an interface circuit 312

operatively coupled to the internal communication link and including a first EHF

communication circuit 313. First EHF communication circuit 313 may include one or more

EHF communication units, such as EHF communication unit 315, and may be configured to

transmit an EHF electromagnetic signal 318 and/or receive an EHF electromagnetic signal

320, to and from an external device, like the second electronic device 304. In an example,

the first EHF communication circuit may generate from a received EHF electromagnetic

signal, a receive communication signal. In an example, the interface circuit may selectively

apply the receive communication signal to the internal communication link 310. In another

example, the interface circuit may be configured to transmit to an external device, like the

second electronic device 304, an EHF electromagnetic signal representative of a

communication signal conducted on the internal communication link 310.

In an embodiment, first electronic device 302 may further include a second EHF

communications circuit (not shown) configured to generate an EHF electromagnetic signal

from an internal communication signal conducted on the internal communication link 310,

and transmit the generated EHF electromagnetic signal to the second electronic device 304.

Also, the first EHF communication circuit 312 may be configured to transmit a modulated

EHF signal representing communication signals between the first electronic circuit 306 and

the second electronic circuit 308 or transmit a moduated EHF signal, which may represent

an output of one of the first and second electronic circuits.

The second electronic device 304 may include a controlling circuit 314 and a second

EHF communication circuit 316. The second EHF communication circuit may include one or

more EHF communication units, such as EHF communication unit 322 configured to receive

and interpret an EHF signal transmitted by first electronic device 302. Further, based on the

interpretation the EHF communication circuit generates a receive transmission signal that is

in turn used by the controlling circuit to generate a transmit communication signal

appropriate for monitoring or otherwise controlling an operation of the first electronic device

302 by applying the transmit communication signal to the communication link 310 between

first and second electronic circuits 306 and 308.



In an example, the second electronic circuit 308 can include an operational

component. In a case, the operational component may be a processor and the controlling

circuit 314 may be configured to generate the transmit communication signal appropriate for

selectively bypassing signal communication between the first electronic circuit 306 and the

processor of second electronic circuit 308 of the first device and enable control of the

processor of the first device 302 by the second device 304. Similarly, in another example,

first and second EHF communication circuits 312 and 316 may be configured to selectively

monitor signal communication between the first electronic circuit 306 and the processor in

second electronic circuit 308. Optionally, the second device may provide different

information to or control operation of the second electronic circuit based on information

received from the first electronic circuit.

In some examples, the first electronic circuit may include a processor and the second

electronic circuit may include a data storage component as an operational component.

Second device 304 may take over control of the data storage component in the first device.

In this example, the controlling circuit may be configured to read contents of the data storage

component and the interface circuit may be configured to write the contents to the data

storage component.

For example, first electronic device 302 may include a first EHF communication unit

that is in communication with the data storage component. In this example, the first

electronic device may be placed such that the first EHF communication unit is in proximity

with the second EHF communication unit. Placing the devices in proximity may enable data

to be electromagnetically transferred between a processor in second electronic device 302

and the data storage component by transferring data between the processor in controlling

circuit 314 and EHF communication unit 322, transferring electromagnetic signals between

the EHF communication unit 322 and the EHF communication unit 313, and transferring data

between the EHF communication unit 313 and data storage component in electronic

circuit 308.

Referring to Fig. 4 , a block diagram is shown depicting an exemplary electronic

system 400 configured to enable monitoring or other control of an electronic device 402 by

an external device 404 is shown. Electronic device 402 is shown to include a first electronic

circuit 406 and a second electronic circuit 407 in communication by an interconnecting signal

pathway or communication link 408. Further, the first electronic device 402 may also inlcude

an interface circuit 409 having a first EHF communications circuit 410 including EHF

communication units 4 11 and 412. EHF communication units 4 11 and 412 may be

configured, respectively, to transmit and receive EHF electromagnetic signals, such as

transmit signal 414 and receive signal 416, transmitted to and received from an external

device, like second electronic device 304. Accordingly, second electronic device 404 may



include a second EHF communication circuit 418 that may be configured to act as a

transceiver for communicating with electronic device 402.

Interface circuit 409 may also include a controller 420 and a multiplexer 422. Further,

communication link 408 may include a first communication link portion 424 connecting an

output of electronic circuit 406 with an input of multiplexer 422, and a second link portion 426

connecting an output of the multiplexer with an input to electronic circuit 408. The

communication link thus provides communication between the two electronic circuits via the

multiplexer.

In an embodiment, a signal from the receiver EHF communication unit 412 may also

be routed to another input of multiplexer 422. Accordingly, the multiplexer may have a

receiver-generated input and an internal communication link input. The controller may be

configured to receive a signal from receiver EHF communication unit 412 and, in response to

an interpretation of that signal, control the multiplexer to switch between the internal

communication link input and the receiver generated input, thus linking one or the other

signal path to the electronic circuit 407 and controlling operation of the multiplexer to

selectively substitute the communication signal received from the external device 404.

Additionally, the controller may also be configured to selectively enable or disable

transmitter EHF communication unit 4 11 in response to the received EHF electromagnetic

signal to substitute on the internal communication link a communication signal received from

the external device 404 for a communication signal generated by one of the first and second

electronic circuits 406 and 408. This arrangement may allow first device 402 to transmit an

EHF signal 4 16 ,such as the one illustrated in Fig. 4 . In an embodiment, receive signal 416

may contain a control sequence 428 and a data payload 430. Control sequence 428 may be

interpreted by controller 420 as a signal to enable or disable the transmitter EHF

communication unit and/or to switch the multiplexer 422 between inputs. The data payload

430 may subsequently be routed to the second electronic circuit 408 or ignored, while a

signal from first electronic circuit 406 may be transmitted or isolated, or any combination of

these actions. This allows external second electronic device 404 to selectively control,

monitor, or transfer data to and from the first electronic device 402, such as for monitoring

information conducted on communication link 408 or controlling operation of an operational

component, such as second electronic circuit 407.

In an example, controller 420 may be configured to respond to a received EHF

electromagnetic signal to substitute on the internal communication link the communication

signal generated by one of first electronic circuit 406 and second electronic circuit 408. In

another example, the controller may be configured to direct an internal signal generated by

the first electronic device 402 to the second electronic device 404 and to direct the

communication signal received from the second electronic device to second electronic



circuit 407.

Figs. 5 to 7 illustrate various simplified exemplary systems having two electronic

devices in communication. In Fig. 5 , a communication system 500 includes first and second

electronic devices 502 and 504. First electronic device 502 is shown to include two EHF

communication units 506 and 508, acting as a transmitter and a receiver respectively, which

are configured to pair with two corresponding EHF communication units 510 and 512 on

second electronic device 504 such that a signal pathway or communication link 513 between

two operational components 514 and 516 may be monitored or otherwise controlled.

In an embodiment, the EHF communication units may configured and aligned when

the first and second electronic devices are placed in close proximity to each other, thereby

enabling contactless signal monitoring or other form of control of the first electronic device

502 by the second electronic device 504, data transfer from the second electronic device

and the first electronic device.

Similarly in Fig. 6 there is shown a similar arrangement. Specifically, a

communication system 600 includes first and second electronic devices 602 and 604. In this

example, first electronic device 602 is shown to include a single EHF communication unit

606, functioning as a transceiver and second electronic device 604 is shown to include a

single EHF communication unit 608 also functioning as a transceiver. The two EHF

communication units are configured to communicate as described above such that a signal

pathway or communication link 609, coupled to EHF communication unit 606, and extending

between two operational components 610 and 612 may be monitored or otherwise

controlled.

Fig. 7A illustrates a representative communication system 700 similar to system 600

having first and second electronic devices 702 and 704. First electronic device 702 is shown

to include an EHF communication unit 706, functioning as a transceiver, operational

components 708 and 710, such as electronic circuits, and a communication link 712

providing communication between the operational components and coupled to EHF

communication circuit 706. Second electronic device 704 includes a controller 714 and an

EHF communication circuit 716 in communication with the controller. The two EHF

communication circuits are configured to communicate as described above along a

communication signal path 718.

However, in the positions shown the first and second electronic devices are spaced

apart too far to enable communication between the respective EHF communication circuits.

Fig. 8A illustrates simplistically a further example of system 700 with the electronic devices

in the positions shown in Fig. 7A. In this example, operational component 708 of electronic

device 702 includes a CPU and operational component 710 includes a data storage device,

such as a memory. Controller 714 of electronic device 704 also includes a CPU and may



include a data storage device as well. Communication link 712 is shown connecting

operational components 708 and 710. Communication signal path 718 is shown terminated

with an 'X' indicating there is no communication between the CPU of controller 714 and

communication link 712 over communication signal path 718.

Fig. 7B illustrates the position of electronic devices 702 and 704 when they are

placed proximate each other appropriately to establish communication signal path 718.

When in this position, electronic device 704 may send signals to electronic device 702 to

substitute the data transmitted from the CPU of controller 714 for the data that would

otherwise be transmitted from the CPU of operational component 708 to the memory of

operational component 710. In some examples, data from a data storage device on one

electronic device may be communicated to the other electronic device and may be stored on

a data storage device of the other electronic device. This may be achieved by appropriate

control circuitry in electronic device 702, such as are provided in interface circuit 409 of

electronic device 402 described above. This reconfiguration of the signal paths is illustrated

in Fig. 8B, which shows a signal path from the CPU of controller 714 to the memory of

operational component 710, but the signal path from the CPU of operational component 708

provided normally by communication link 712 is not terminated at operational component

710.

It will be appreciated that systems, devices, and methods as described above for

providing wireless communication may include one or more of the following examples.

In an example, an electronic device may include a first electronic circuit and a second

electronic circuit. The electronic device may also include an internal communication link

providing a signal path for conducting communication signals between the first electronic

circuit and the second electronic circuit. An interface circuit may be operatively coupled to

the internal communication link. The interface circuit may include an EHF communications

circuit configured to receive an EHF electromagnetic signal from an external device and

generate from the received EHF electromagnetic signal a receive communication signal.

This receive communication signal may be selectively applied by the interface circuit to the

internal communication link, thereby enabling the external device to control the electronic

device.

Further, the electronic device may also include a second EHF communications circuit

configured to generate an EHF electromagnetic signal from an internal communication signal

conducted on the internal communication link, and transmit the generated EHF

electromagnetic signal to the external device. Also, the EHF communications circuit may be

configured to transmit a modulated EHF signal representing communication signals between

the first electronic circuit and the second electronic circuit. In another example, the EHF

communications circuit may be configured to transmit a modulated EHF signal representing



an output of the first electronic circuit.

In an embodiment, the interface circuit may include a controller configured to enable

or disable a transmit EHF communications circuit in response to the received EHF

electromagnetic signal. In response to the received EHF electromagnetic signal, the

controller may substitute on the internal communication link a communication signal received

from the external device for a communication signal generated by one of the first and second

electronic circuits.

In another embodiment, the interface circuit may include a multiplexer having as

inputs the communication signal from the external device and the internal communication

link from the first circuit, such that the controller may selectively substitute the

communication signal received from the external device by controlling operation of the

multiplexer.

In an embodiment, the controller may be configured to respond to the received EHF

electromagnetic signal to substitute on the internal communication link the communication

signal generated by one of the first and second circuits. In another embodiment, the

controller may be configured to direct an internal signal generated by the first electronic

circuit to the external device and to direct the communication signal received from the

external device to the second electronic circuit.

In another example, an electronic device including a first electronic circuit and a

second electronic circuit is provided. The electronic device may be provided with an internal

communication link providing a signal path for conducting communication signals between

the first electronic circuit and the second electronic circuit. An interface circuit may be

operatively coupled to the internal communication link. The interface circuit includes an

extremely high frequency (EHF) communications circuit configured to transmit to an external

device an EHF electromagnetic signal representative of a communication signal conducted

on the internal communication link, thereby enabling the external device to monitor the

electronic device.

In another example, an electronic device is provided. The electronic device may

include a controller configured to generate a transmit communication signal appropriate for

controlling an operation of an external device by applying the transmit communication signal

to a communication link between two circuits in the external device. An extremely high

frequency (EHF) communications circuit may be operatively coupled to the controller and

configured to convert the transmit communication signal into a transmit EHF electromagnetic

signal and transmit the transmit EHF electromagnetic signal to the external device.

In an example, the EHF communication circuit may be configured to receive a

receive EHF electromagnetic signal communicated from the communication link of the

external device and generate a receive communication signal. The controller may further be



configured to generate the transmit communication signal in response to the receive

communication signal.

In another example, the controller may be further configured to generate the transmit

communication signal as a signal to be conducted to one of the two circuits on the

communication link of the external device.

In another example, an electronic system may include a first device and a second

device external to the first device. The first device may include a first electronic circuit, an

operational component and an internal communication link providing a signal path for

conducting communication signals between the first electronic circuit and the operational

component. Also provided is a first interface circuit operatively coupled to the internal

communication link and including a first EHF communications circuit configured to receive an

EHF electromagnetic signal from an external device and generate from the received EHF

electromagnetic signal a receive communication signal, the interface circuit selectively

applying the receive communication signal to the internal communication link.

The second device may include a controller configured to generate a transmit

communication signal appropriate for controlling an operation of an external device by

applying the transmit communication signal to a communication link between two circuits in

the external device. An extremely high frequency (EHF) communications circuit may be

operatively coupled to the controller and configured to convert the transmit communication

signal into a transmit EHF electromagnetic signal and transmit the transmit EHF

electromagnetic signal to the first device. The first and second EHF communication circuits

may provide an EHF electromagnetic communication link when the first device and the

second device are positioned with the first EHF communication circuit and the second EHF

communication circuit in proximity.

In an embodiment, the controller in the electronic system may be configured to

generate the transmit communication signal appropriate for selectively bypassing signal

communication between the first electronic circuit and the operational component of the first

device, and enabling control of the operational component of the first device by the second

device.

In another embodiment, the first EHF communication circuit and the second EHF

communication circuit may be configured to selectively monitor signal communication

between the first electronic circuit and the operational component of the first device.

In yet another embodiment, the first device may comprise a first data storage

component and a second storage component, respectively, wherein the controller may be

configured to read contents of the second data storage component and the interface circuit

may be configured to write the contents to the first data storage component.



One or both of the first and second EHF communication circuits may include an EHF

communication unit that includes an integrated circuit (IC), an antenna operatively connected

to the IC, a lead frame, a ground plane operatively connected to the IC and an insulating

material encapsulating the IC, the lead frame, the ground plane, and the antenna to form an

IC package.

The EHF communication units may be configured and aligned when the first device is

placed in close proximity to the second device, thereby enabling contactless signal

monitoring of the first device by the second device. Also, the EHF communication units may

be configured and aligned when the second device is placed in close proximity to the first

device, thereby enabling contactless data transfer from the second device and the first

device. In another embodiment, the EHF communication units may be configured and

aligned when the second device in placed in close proximity to the first device, thereby

enabling contactless control of the first device by the second device.

In yet another example, a method may provide communication between a first EHF-

communication enabled device and a second EHF-communication enabled device. In the

method the first EHF-communication enabled device may be placed in close proximity to the

second EHF-communication enabled device. Thereafter, the first EHF-communication

enabled device may transmit an EHF signal and the second EHF-communication enabled

device may receive the EHF signal transmitted by the first EHF-communication enabled

device. This signal may then be interpreted by the first EHF-communication enabled device,

and a response to the interpreted EHF signal may be generated by enabling at least one of

monitoring of the second EHF-communication enabled device by the first EHF-

communication enabled device and controlling by the first EHF-communication enabled

device of a function of the second EHF-communication enabled device.

INDUSTRIAL APPLICABILITY

The inventions described herein relate to industrial and commercial industries, such

as electronics and communications industries using devices that communicate with other

devices or devices having communication between components in the devices.

It is believed that the disclosure set forth herein encompasses multiple distinct

inventions with independent utility. While each of these inventions has been disclosed in its

preferred form, the specific embodiments thereof as disclosed and illustrated herein are not

to be considered in a limiting sense as numerous variations are possible. Each example

defines an embodiment disclosed in the foregoing disclosure, but any one example does not

necessarily encompass all features or combinations that may be eventually claimed. The

present invention is intended to embrace all such alternatives, modifications and variances

that fall within the scope of the appended claims.



Where the description recites "a" or "a first" element or the equivalent thereof, such

description includes one or more such elements, neither requiring nor excluding two or more

such elements. The term "another", as used herein includes at least a second or more. The

terms "including" and/or "having" as used herein are synonymous with 'comprising.' Further,

ordinal indicators, such as first, second or third, for identified elements are used to

distinguish between the elements, and do not indicate a required or limited number of such

elements, and do not indicate a particular position or order of such elements unless

otherwise specifically stated.



WHAT IS CLAIMED IS:

1. An electronic device comprising:

a first electronic circuit;

a second electronic circuit;

an internal communication link providing a signal path for conducting communication

signals between the first electronic circuit and the second electronic circuit; and

an interface circuit operatively coupled to the internal communication link and including

an extremely high frequency (EHF) communications circuit configured to receive an EHF

electromagnetic signal from an external device and generate from the received EHF

electromagnetic signal a receive communication signal, the interface circuit selectively applying

the receive communication signal to the internal communication link.

2 . The electronic device according to claim 1 further comprising a second EHF

communications circuit configured to generate an EHF electromagnetic signal from an internal

communication signal conducted on the internal communication link, and transmit the generated

EHF electromagnetic signal to the external device.

3 . The electronic device according to claim 2 , wherein the transmitter is configured

to transmit a modulated EHF signal representing communication signals between the first

electronic circuit and the second electronic circuit.

4 . The electronic device according to claim 2 , wherein the transmitter is configured

to transmit a modulated EHF signal representing an output of the first electronic circuit.

5 . The electronic device according to claim 2 , wherein the interface circuit further

includes a controller configured to enable or disable the transmitter in response to the received

EHF electromagnetic signal and in response to the received EHF electromagnetic signal to

substitute on the internal communication link a communication signal received from the external

device for a communication signal generated by one of the first and second circuits.



6 . The electronic device according to claim 5 , wherein the interface circuit includes

a multiplexer having as inputs the communication signal from the external device and the

internal communication link from the first circuit, the controller substituting the communication

signal received from the external device by controlling operation of the multiplexer.

7 . The electronic device according to claim 5 , wherein the controller is configured to

further respond to the received EHF electromagnetic signal to substitute on the internal

communication link the communication signal generated by one of the first and second circuits.

8 . The electronic device according to claim 5 , wherein the controller is configured to

direct an internal signal generated by the first circuit to the external device and to direct the

communication signal received from the external device to the second circuit.

9 . An electronic device comprising:

a first electronic circuit;

a second electronic circuit;

an internal communication link providing a signal path for conducting communication

signals between the first electronic circuit and the second electronic circuit; and

an interface circuit operatively coupled to the internal communication link and including

an extremely high frequency (EHF) communications circuit, the interface circuit being coupled to

the internal communication link and configured to transmit to an external device an EHF

electromagnetic signal representative of a communication signal conducted on the internal

communication link.

10. An electronic device comprising:

a controller configured to generate a transmit communication signal appropriate for

controlling an operation of the external device in a manner applying the transmit communication

signal to a communication link between two circuits in the external device; and

an extremely high frequency (EHF) communications circuit operatively coupled to the

controller and configured to convert the transmit communication signal into a transmit EHF

electromagnetic signal and transmit the transmit EHF electromagnetic signal to an external

device.



11. The electronic device of claim 10, wherein the EHF communication circuit is

further configured to receive a receive EHF electromagnetic signal transmit signal from the

communication link of the external device and generate a receive communication signal, the

controller being further configured to generate the transmit communication signal in response to

the receive communication signal.

12. The electronic device of claim 11, wherein the controller is further configured to

generate the transmit communication signal as a signal to be conducted to one of the two

circuits on the communication link of the external device.



13. An electronic system comprising a first device and a second device external to

the first device, the first device comprising:

an electronic circuit;

an operational component; and

an internal communication link providing a signal path conducting communication signals

between the first electronic circuit and the operational component, the first interface circuit being

coupled to the internal communication link and configured to be in communication with the

electronic circuit and the operational component via the internal communication link; and

a first interface circuit operatively coupled to the internal communication link and

including a first extremely high frequency (EHF) communications circuit configured to receive an

EHF electromagnetic signal from an external device and generate from the received EHF

electromagnetic signal a receive communication signal, the interface circuit selectively applying

the receive communication signal to the internal communication link;

and the second device comprising:

a controller configured to generate a transmit communication signal appropriate

for controlling an operation of the operational component of the first device in a manner

applying the transmit communication signal to a communication link between the

electronic circuit and the operational component; and

a second extremely high frequency (EHF) communications circuit operatively

coupled to the controller and configured to convert the transmit communication signal

into a transmit EHF electromagnetic signal and transmit the transmit EHF

electromagnetic signal to the first device, the first and second EHF communication

circuits providing an EHF electromagnetic communication link when the first device and

the second device are positioned with the first EHF communication circuit and the

second EHF communication circuit in proximity.

14. The electronic system according to claim 13, wherein the controller is configured

to generate the transmit communication signal appropriate for selectively bypassing signal

communication between the electronic circuit and the operational component of the first device,

and enabling control of the operational component of the first device by the second device.



15. The electronic system according to claim 13, wherein the first EHF

communication circuit and the second EHF communication circuit are configured to selectively

monitor signal communication between the electronic circuit and the operational component of

the first device.

16. The electronic system according to claim 13, wherein the first device and the

second device further comprise a first data storage component and a second storage

component, respectively, wherein the interface circuit and the controller is configured to read

contents of the second data storage component and the interface circuit is configured to write

the contents to the first data storage component.

17. The electronic system according to claim 13, wherein each of the first and

second EHF communication circuits comprises an EHF communication unit, the EHF

communication unit comprising:

an integrated circuit (IC);

an antenna operatively connected to the IC;

a lead frame;

a ground plane operatively connected to the IC; and

an insulating material encapsulating the IC, the lead frame, the ground plane, and the

antenna to comprise an IC package.

18. The electronic system according to claim 17, wherein the EHF communication

units are configured and aligned when the first device is placed in close proximity to the second

device, thereby enabling contactless signal monitoring of the first device by the second device.

19. The electronic system according to claim 17, wherein the EHF communication

units are configured and aligned when the second device is placed in close proximity to the first

device, thereby enabling contactless data transfer from the second device and the first device.

20. The electronic system according to claim 17, wherein the EHF communication

units are configured and aligned when the second device in placed in close proximity to the first

device, thereby enabling contactless control of the first device by the second device.



2 1 . A method of communication between a first EHF-communication enabled device

and a second EHF-communication enabled device comprising:

placing the first EHF-communication enabled device in close proximity to the second

EHF-communication enabled device;

enabling the first EHF-communication enabled device to transmit an EHF signal; and

enabling the second EHF-communication enabled device to receive the EHF signal

transmitted by the first EHF-communication enabled device, interpret the EHF signal transmitted

by the first EHF-communication enabled device, and respond to the interpreted EHF signal by

enabling at least one of:

monitoring of the second EHF-communication enabled device by the first EHF-

communication enabled device; and

controlling by the first EHF-communication enabled device a function of the second

EHF-communication enabled device.
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