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Motivation to wireless charging
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Todays mobile devices have powerful processors and large displays. These
features combined with | imited batte
charging

Wireless charging increases usability and convenience

Number of battery operated devices

Wireless charging enables hermetic enclosures
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Wireless Charging application field is broad

A Various usages of wireless charging

A Consumer electronics (Main)
A Public safety, space and transport
A Medical
A Industrial
A Electric vehicles

CONSUMER AUTOMOTIVE MEDICAL DEFENSE
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WIRELESS CHARGING: TOOTHBRUSH

A Firstelectronicaltoothbrush
was invented in 1959, called
Broxodent

A Nowadays wireless chargers
use magneticinduction. The
method has been in use from
the 199060s.

Picture: www.oralb.com
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Integrationin different environments
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Methods forwireless power transfer

Wireless power

transfer
Near field Far field
Electromagnetic Electromagnetic
induction radiation

Electrodynamic Electrostatic _

(magnetic fleld) (eleCtriC fleld) RF/Microwave Photons/Laser
Inductive Magnetic "
coupling resonance Capacitive

coupling

Qi AirFuel
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Wireless (Qi) Charging Today

20162018

A 5W wireless charging is currently well established. There are
many phones with integrated receivers (RX) and large
amount of transmitter (TX) types from which to select.

A Qi standard is currently dominant in the market with many 1C
suppliers supporting it. More than 800 different products
available (Fall 2017)

5W Wireless Power

A Wireless chargers both RX and TX can be made
very small when power is limited to ~2W.

A These systems utilize existing 5W IC chipsets from
major IC manufacturers.

A At this point majority of the systems are utilizing
Qi standard from WPC.

Wearable Devices

A Qi started to support the medium powestandard 2017LC chipsets for
Qi medium power are available from many vendors.

A Single and multi coils design available

A Proprietary system (e.g. apple watch) are available today from many IC
suppliers with power range from 7W, 50W and higher

A Currently single coil designs are available with similar size as 5W
designs.

A Qi has started specification work up to 100W power transfer

Medium Power
Wireless Chargers
7W 3 100W
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q' Ql, inductive wireless charging

Basic elements of Qi
A Transmitter coil and Receiver coil needs to be closely coupled
A Once distance increases efficiency will drop dramatically
A Distance between coils needs to be less than 5mm
A Single device charging at the time
A Foreign Object Detection (FOD)
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q' Qi based charging

Most common standard is Qi
= From 2011-

Coupling factor k

= Based on electromagnetic induction k=-—= kelol]
" Operational frequency 100KHZz-200KHz M = Mutual inductance

L, , = Inductance of the coils

= Coils strongly coupled to each other, k ~1

Electromagnetic
induction method

Strong couplingk > 0.5

Weakcouplingk < 0.5

Feower supply il
(charger dock, sie.)
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15V 15W multi coil Qi Wireless Pad

WPC 1.2.x (Qi) MP-B type multi coil.

Is capable of detecting foreign objects with separate FOD coils
Operates from 15V power supply

Peak efficiency: 83%

~70 x 20mm active area

Relatively small electronics gives freedom to industrial design.
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Fig10. Picture on coils
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Product example #2:
OW Qi charger
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A Specificatiorhighlights
A 2-coil chargingpad design
A chargingareais double compared

to the most of the products inthe
marketA better usability

A nice, verythin design
A pad size 120 mm * 6,9 mm

A surface gray,textured, with soft
touch

A 5W Qi) and up to 9W transmitter/ fast
charging
A compatible with major leading
mobile phone manufaturerdevices




Product example #3:
5V ~3W single coll Qi like for wearables
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Is capable of detecting foreign objects.
Operates from 5V power supply

Peak efficiency: 73%

~20mm diameter circular active area

Small electronics gives freedom to industrial design.
A Below design made to match USB memory stick

v v v Dy D> D

Fig1l. Electronics PWB

WPC 1.1.2 (Qi) A1l type single coil withidutige power drive.
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AirFueE - Magnetic resonance

Loose coupling enables:

A Receiver Coil has more freedom of space => more user friendly with positioning

A Distance between transmitter and receiver coils can be up to 50 mm ( 10 times

more than in Qi)
A Bigger distance gives more options e.g. embed charging into furniture's

A Enables multiple device charging at the same time
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Ai r F-Madndiic resonance

A Introduced by MIT in 2007
=  Transmitter and receiver are in resonance

= [oose coupling is enough between the coils k < 0.1 (in Qi K needs to
be close to 1)

Fixed frequency of 6,78 MHz; TX power up to 50W ( Qi max 15W)

Magnetic
resonance method

POwer

| Recelving colil
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Researclscopes
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A Power amplifiers
A Class D ZVS
A Class E ZVS
A Switching device testing
A GaNFETs
A MOSFETs

A DriverlICs Testsetupfor Class Epower amplifier
B _ with Class 4 PCBoil (50W input)
A PTU caolls

A Single Wire
A PCB

A AirFuel E egep! i
development
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AirFuel  class 3 16w PTU e
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