	
	

	[image: image1.png]leading
next generation

Backasm




	TechNews


Becta | TechNews

Hardware
Analysis: Wireless power v2_0
[TN0911, Analysis, Hardware, Wireless, Power technologies]

At a glance
· Mobile devices still need power cords for charging. Proprietary connectors have given rise to a profusion of cables where dissimilar devices are in use.
· Some researchers have a vision of pervasive wireless power, where users would be able to dispense with batteries for mobile hardware.

· Two technologies, conductive and inductive transfer, are well proven and just entering the market.

· Resonant energy transfer is a relatively new field, based on the propagation of magnetic fields between resonant coils, but has been shown to work in laboratories.
· There is no dominant technology and work has only recently begun on relevant standards. Batteries and chargers are likely to predominate for the medium term.
The spaghetti sprawl
The 'wireless office' seems as elusive as the 'paperless office' - just as keyboards became wireless, their cables were replaced with charging connectors for a wide variety of mobile devices. As these wires multiply in teaching space, so confusion mounts and safety risks increase; power consumption may increase too due to the number of transformers plugged in, wasting power while unconnected or supplying power to a device that is already charged.

Rechargeable batteries have helped reduce the number of wires, but it means finding the correct charger or connection when the power is exhausted. It would be so much easier if you could walk into a room and all your gadgets just started charging themselves. If wireless power became pervasive, not only would charging cables become redundant, but batteries would also be irrelevant and a great deal of polluting waste avoided.
Conductive pads
Docks and charging cradles are nothing new, but conductive charging pads seek to do away with these. They use metal strips on the pad and charging attachments with carefully positioned contacts to channel power to the hardware. Since a direct electrical connection is made, these pads are virtually 100 per cent efficient in channelling power, although they will lose energy where the mains supply is stepped down and turned into direct current (DC).
Users may fear that this arrangement could give rise to shocks, or suffer from short circuits if a liquid was spilt. However, manufacturers claim that the low power (under 15W at 0.4A), intelligent monitoring and safety cut-outs make conductive pads safe to use.

WildCharge is one of the main proponents of this system, with products already available, but it has licensed its technology to Duracell. The latter intends launching its myGrid range this month. A basic WildCharge pad, which can charge up to four gadgets, costs around £50 (including VAT), while the charging attachments cost between £25 and £35, depending on the device. (Adaptors will only fit a limited number of mobile phones and other gadgets, as many have proprietary charging connectors. Specially designed replacement backs, with connection points embedded, can be purchased for the cases of some phones.)

Because direct contact is made on the pad, no large electrical or radio field is generated, so there should be no interference with other hardware.
Inductive charging
Induction is used in the transformers installed in many appliances and power cords for mobile hardware. Induction works on the principle that a coil moving through a magnetic field will produce a current, although the coil can also be motionless and the magnetic field rapidly varied. The two parts of the transformer must be in very close proximity to capture the maximum amount of power because the magnetic field decays rapidly with distance. Inductive power transfer, which has been understood for nearly 200 years, uses exactly the same principles to produce a current in the receiving device.
The coils can be completely sealed in plastic, as the power transfer derives from an electrical field, which almost eliminates the danger of accidental shocks or short circuits. Inductive chargers can readily operate within safety limits required for bathroom appliances, as a number of brands of electrical toothbrushes and razors have demonstrated.

Inductive charging pads use coils that are laid out flat within the casing. Such coils need to be highly efficient in order to transfer the maximum amount of power. This requires the receiving coil to be correctly aligned, which the systems just coming to market achieve with small magnets. RFID (radio-frequency identification) 'tags' and intelligent monitoring systems in the adaptor units for the hardware to be charged can ensure that the best charging profile is used and that power is shut off as soon as the process is complete.
Powermat is launching a range of pads and adaptors this month. The desktop pad, which has zones for three devices, costs around £70 and the fold-up portable pad £80. Once again, specific adaptors are available for many types of phone and other hardware, each of which costs £30-35.

Fulton Innovation is seeking to license similar eCoupled technology as widely as possible. It has already been integrated into an (optional) charging stand, which is said to be 70 per cent efficient, for Dell's high-end Latitude Z laptops. (The new Palm Pre mobile phone also has an optional 'Touchstone' charging dock based on similar technology.)

Fulton suggests that inductive power transfer can be as high as 98 per cent efficient when delivering 1,400W using 120V, although power will be lost in the downstream rectifier that converts alternating current (AC) to DC. A high frequency signal can be overlaid on the standard AC carrier, allowing data to be transferred at up to 1.1Mbps, which could be used to monitor the progress of charging or for syncing information on the device.
Inductive charging is not as efficient (overall) as direct cabling or a conducting pad, but Fulton suggests that it will have a net energy benefit, as optimum charging profiles will be applied, charging switched off when complete and various extraneous transformers will not be left plugged in to live sockets. Further, the company emphasises the safety benefit of a sealed system with minimum cabling, but accepts that its technology could interfere with appliances that use wireless transmissions. (Nevertheless, it suggests that most have sufficiently robust filters to prevent this becoming a problem.)
Fulton would like to see its technology built into both the hardware and into surfaces of work units so that users could just place a gadget down anywhere at home, school or work and have it charge without the user really thinking about it.
Resonant energy transfer
The technologies described so far are 'cordless', but they assume direct contact between the device and the charging pad. Resonant energy transfer has the potential to 'fill' a room with power but only transfer energy to a suitably tuned device. This could enable gadgets to charge without the user initiating the process and totally remove the need for batteries for mobile devices that only operated in that location. Nikola Tesla outlined the basic principles of resonant energy transfer and created a number of prototype applications around the turn of the twentieth century.

The principle is akin to that of acoustic resonance - a singer who pitches a high note will cause certain glass objects to resonate at that frequency, to the extent that the energy transferred may break the glass. Electrical transfer is achieved by producing a magnetic field around a coil that then causes the coil to 'ring'; a secondary coil placed at a suitable distance will resonate at the same frequency and 'capture' a very large proportion of the energy from the first. The energy captured can then be used to power or charge a device attached to the secondary coil.

Resonant energy transfer is considered safe, if the frequencies used are in the magnetic part of the electromagnetic spectrum, as the human body is barely influenced by magnetic fields. Some designs of pacemaker have used the principle, although significant gains in efficiency have led to most units now using batteries.

Marin Soljacic at MIT has pioneered new research into resonant energy transfer based on non-radiative fields. (Until a receiving coil of the correct design is placed within range, the energy remains 'bound' to the primary coil.) Typically, prototype systems have used a wavelength around 30m. Since the secondary coils has to be within about a distance of a quarter of the wavelength, this limits transmission to a moderately-sized room. However, the waves produced are low frequency and can easily pass around objects, so the receiving coil need not be in line of sight but anywhere in the room.
Several companies have sought to develop the arrangement proposed by Soljacic, including WiTricity, which was spun off by the researchers. Intel has demonstrated Wireless Resonant Energy Link (WREL) research prototypes - see page four of this PDF and this video - and claims power efficiencies of up to 70 per cent. Sony has also developed a system that it says can transfer 60W over 50 cm (19 inches) with a 60 per cent efficiency (including 20 per cent power lost in the rectifier); adding a 'passive extender' could increase the distance to 80cm without loss of power.
WiTricity envisages coils built into the base of laptops, but quite a lot more development may be needed before manufacturers commercialise the technology. The lower power requirements of handheld hardware would be more attractive, except the current size of the secondary coil makes this impractical. Given consumer perceptions regarding various types of radiation and magnetic effect, even where studies suggest fears are groundless, gaining acceptance in the market may prove difficult. The researchers have said little about how pervasive magnetic fields could affect other hardware.
Alternatives
There are alternative energy transfer systems, such as lasers and microwaves, but these generally require line of sight and use a concentrated beam of energy, such that the receiver has to be in a known location. Powercast has developed energy transmitters based on radio frequency (RF) power, but these are targeted at very low power devices - such as sensors - that only need microwatts or milliwatts; higher output could interfere with a variety of electronic equipment. There are several 'energy harvesting' technologies under development, which pick up heat, vibrations or 'free' wireless power in the environment, but these are also aimed at very low power devices.
Barriers to a wireless future
All the technologies described suffer the same 'chicken and egg' challenge: hardware and furniture manufacturers are unlikely to add to their costs by installing power transmitters until there is sufficient demand, but developers will not integrate the receiving system until transmitters are commonly available. As often with new technologies, several systems are beginning to compete and there are different implementations within these, so standards are required. A group of manufacturers, which includes some household names, has formed the Wireless Power Consortium (WPC) to drive interoperability and promote inductive charging technology, but other approaches are either more proprietary or insufficiently developed to have taken this step. (The proposed WPC Qi standard was covered in TechNews 09/09.)
Batteries are likely to be found in mobile devices for a long time yet, although fuel cells could supplement or supplant some in the medium term. (See TechNews 09/08.) Connection issues may be reduced, with the EU developing standards for universal power connections for smaller portable devices, which will make it much easier to produce inexpensive adaptor kits. (See TechNews 03/09.) Technology developments for transformers and new EU standards for power adaptors will make current technologies more efficient, although conductive and inductive wireless systems will also derive benefit from these changes. (See TechNews 07/09 and TechNews 04/09.)
Strategy Analytics is reported to have said that a fifth of mobile phones will use inductive charging in five years time, the price of which price will have fallen to just £10 by 2014. If this price point is achieved, inductive charging may become mainstream, but resonant power transfer is unlikely to appear in the short term, if ever it proves commercially viable.
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