INTRODUCTION: WIRELESS POWER TRANSFER
CUT THE CORD

David Martin, WPT TEAM

WURTH ELEKTRONIK MORE THAN YOU EXPECT



AGENDA

Applications

= Technologies & Standards

Coil Specific Considerations

Waurth Elektronik Products & Advantages
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OH SO 20™ CENTURY.....
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WIRELESS POWER TRANSFER HISTORY

1893 first wireless powered lightbulb N. Tesla

1980s electrical toothbrush " Jl
N

2008 founding of Wireless Power Consortium (WPC) - Qi Standard

q' WIRELESS POWER

CONSORTIUM

2011 first smart phones with integrated Qi receiver

s

2017  Apple join WPC

2018  Wireless charging of EV's
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Applications
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...YOU USE WIRELESS POWER TRANSFER EVERYDAY ALREADY
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APPLICATION AREAS BESIDES CONSUMER PRODUCTS

Industrial
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https://youtu.be/GlrcPrzuPMM

APPLICATIONS OF WE CUSTOMERS

Schmitz & Sohne Germany

Remote control operating table

Power < 5W

8 | WIRELESS POWER TRANSFER | 2022



APPLICATIONS OF WE CUSTOMERS

Kansa™ Sound Processor Attach your processor

Quick Guide

Button/light
facing up

Battery
compartment

B4 Getting started facing down

B4 (Quick reference

CP330
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APPLICATIONS OF WE CUSTOMERS

THE FUTURE OF
WIRELESS

With no charging cable required, Piavet Charger is truly
designed for the wireless world. Charge your Piavet
Measuring Device safe, fast and easy.

HIGH DATA
VOLUME

The Piavet Base Station enables the wireless
sssssssss jon of high-volume medical data. It collects the

recordings from the Piavet Measuring Device and

Power < 5W
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APPLICATIONS OF WE CUSTOMERS

Proprietary GelLok™
polymer provides
unparalleled comfort,
protection and durability

Wireless syncing

Head Impact Alert LED
Built-in Wireless

Charging

Embedded shock
resistant flexible
circuit board
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APPLICATIONS OF WE CUSTOMERS

for Outdoor Safety

100% GLOBAL COVERAGE

Customer application:

Safety Tracker
Global SafeTrack Systems GmbH

Crash Detection, < a0 Unusual movements, M Dead man's switch, ( ' = Geofence Zones,
External ' E Height limits o Mandownalarm Dynamic-Roaming
{ L

Sensors also in AGL ~—- and static

"é‘\ ProteGear ‘

Far Out & Still Safe

'm A*LIVE
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APPLICATIONS OF WE CUSTOMERS

Heinrichs Weikamp gmbh

Charge diving computer

Power < 5W
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CONSORTIUM Mﬂre pﬂwer

KEY BENEFITS OF A KI CORDLESS KITCHEN INDUSTRIAL WIRELESS CHARGING
@ space efficiency | , . e
Modern Design =T : J ' "‘".-

Smart
Convenience

1 4 | WIRELESS POWER TRANSFER | 2022



Technologies and Standards
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HOW DOES WIRELESS POWER TRANSFER WORK?

= Power transfers via inductive coupling at short

distances (mm range)

= Transmitter (Tx) and Receiver (Rx) Coils are inductively

coupled coils.
Shieldi
Rx Coil ens
= Magnetic field concentrated in small volume Ry Surface\ l
between Tx / Rx — ——— Distance
Ty e E— T
Surface
Tx Coill
Shielding
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HOW DOES WIRELESS POWER TRANSFER WORK?

Inductively coupled magnetic resonant system

—i-
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* Frequency: kHz regime

« Distance: short range regime (e.g. 1-10mm)

Maximum Transmission Efficiency

g ¢ 2
max (1+\/T2Q2)2T KQ
high Q

K Q
coupling factor quality factor

|




FIGURE OF MERIT FOR EFFICIENT POWER TRANSFER

coupling k is often limited by
boundary conditions of the

application

High Q coils allow

* long transfer distance

* higher freedom of positioning

02 04 06 08 10
K K?Q? 2

Nmax = ~1l-——

(1+/1H2Q?) KQ
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CLOSE-COUPLED INDUCTANCE

inductive power transfer

=  Closely coupled inductive
- Power transfer using resonant tank at very low frequency )
- over short distances (typ. 10 mm)
- Resonant tank at 100 — 205 kHz
- promoted by: Wireless Power Consortium (Qi)
- 'Baseline Power Profile’ 5W
- 'Extended Power Profile’ 15W
- (also proprietary, 'Fast-charging’)
- higher power classes in development: Kitchen ( Ki’), laptops, power tools, robotics, LEVs, ...

— over 300 members, over 5,600 products certified
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POWER THROUGH THE AIR / LOOSELY COUPLED

resonant power transfer

= Loosely coupled
— Power transfer based on resonant tank at very high frequency
over longer distances (40mm)
— Ability to charge multiple devices at same time
— Resonant tank at 6.78MHz. (ISM Band)
— Capability up to *30W systems : N
— promoted by AirFuel Alliance // AirFuel Alliance

(formed from Alliance for Wireless Power (A4WP) and the Power Matters Alliance (PMA)
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SO, WHAT IS GREAT ABOUT WIRELESS POWER TRANSFER?

It's a Covid world: no-touch, no-contact

It's a Green world: cable-less

* Completely sealed devices: hygienic, wipe clean
* No ports / metal contacts

« Damp-proof, water-proof

* Proven technology, established standards, established infrastructure
* Interoperability

« Safety — your device, and metallic objects nearby

 (Convenience

* Integrationin loT
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Coil specific considerations
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OPTIMIZING THE COIL — POINTS TO CONSIDER

= Use the largest possible coil

Keep the distance in the range of maximum efficiency
= Keep the misalignment minimal
= Choose the best matching coil combination

= Be aware of parameters which influence performance or cost (FoM, wire,..)
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COILTYPES - FREEDOM OF POSITIONING

INSTRUMENTS
500410AEVM-085
'WR085 REV B
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COUPLING FACTOR / ALIGNMENT TOLERANCES

; Z
i
@ 'fH V : '{'H V
=~ E - ~ . e
I - I
- -~ -
-"H .-"f ﬁ Z _f'f
X X X
lateral misalignment angular misalignment vertical misalignment

Good coupling and maximum energy transmission depends on
= size of the effective area of the receiver coil in the magnetic field

= the distance in the z direction
M

k =
VL1 -L2

A coupling factor of 1 is ideal
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3D FEMM ANALYSIS OF WPT MODEL-ANGULAR MISALIGNMENT

1.00 . - . - .
angular misalignment around external axis|
_— 0'3'
0.75 | ] — 5o A
:tj —10°
E — 200
2 050 >0
= T —40°
o
=0
o
(&
0.25 |
DDD 1 | 1 1 1 1 1 —i

0.00 0.25 0.50 0.75 1.00
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IMPROVEMENT USING FERROMAGNETIC SHIELDING

Without shieldin
5. 3861E-BA7 —
4. 6196E-B05 B [teslal Z
2. 5e02E-2aY
1, 3529E-00Y4
7.321BE-BAS
3.9622E-085
2.1442E-885
1. 16@4E-BAS
6. 2797E-B06
3. 3984E-B0E6
1.5391E-006
9, 9527E-8@7
5. 3861E-BAT
2.9148E-BAT
1.5774E-8@7
. B.5364E-BAG
0 15 30 (mm) 4, 619FE-BAG
2. 5860E-6a8

With shielding |

B [teslal 2z

‘SomaE-oat
3520E-DBY
32166205
9622E-BRS
1442E-005
1604E 205
2797E-B06
3084E-DB6
8391E-006
a527E-BR7
3861E-007
a14gE-207
S774E-007
S36NE-088
6196E-008
‘SomaE-gas

NEBENAOEODE NG YN

0 15 30 (mm)

o0 15 30 (mm)
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COUPLING FACTOR K DEPENDING ON COIL SIZE RATIO

= Tx/Rx coil size impacts coupling factor k

= s defined by current and coil§diametds = k2L
21
/ 5 IR;
O, = Bd, =| Lot | zp2 - 270
" l2r ) " 2R
k=075 k= 0.61
AryAgy = 1:1.1 An /A, = 1:2

Examples from WE Mix&Match and RedExpert
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TX/RX SIZE RATIO IMPACT

760 308 100 111 (A11) 760 308 101 104

k= 0.29 k= 0.60
Ar/Ar, = 1:6 A /A, = 1:1

760 308 101 214 760 308 101 214
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RECEIVER COILS SIZE IS A KEY FOR SUCCESS

Applications

https://de.ifixit.com/Teardown/iPhone+12+und+12+Pro+Teardown/137669
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WE Products
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WE WIRELESS POWER COILS

Broadest portfolio of wireless power coils

Receiver coils

©

24 coils

Size: 6 — 48 mm

Power:5-80 W

Magnet wire

32 WPT TRAINING

Transmitter coils

28 coils

Size: 20 =75 mm

Power: 40 — 400 W

Litz wire

Array coils

8 coils

Size: 71 =130 mm

Power: 150 W

Litz wire

WPT / NFC coils

S

5 coils

Size: 40 — 65 mm

Power: 20 - 100 W

Magnet / Litz wire
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CUSTOMER SPECIFIC COILS

—

; \‘."& . | . ;‘ Custom Coils .
. } @ BC
Use template on WPT website:  Wireless Power Coil Inquiry Sheet MOQ: 5.000
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http://www.we-online.de/web/en/electronic_components/produkte_pb/demoboards/wireless_power/wirelesspowercoilinquirysheet.php

200W WPT solution with data transfer

www.we-online.com/wirelesspower/200WKit -
Infineon
= The current profile is almost sinusoidal —
N
= By changing the resonance frequency the output )\I&QL)(\PD \ wﬂ

voltage can be regulated | ‘n»,,w_v
= |tis scalable from low to high power (10 W — 10kW)
= The MOSFETs switch close to the zero crossover
point (ZVS)

— efficiency > 90%

= |tis scalable for many different voltages/currents

= Data transfer from receiver to transmitter possible

Source \_-

r & Full Bridge Driver

www.we-online.de/ANP070

Oscillato
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http://www.we-online.com/wirelesspower/200WKit
http://www.we-online.de/ANP070

200W WPT solution with data transfer

www.we-online.com/wirelesspower/200WKit

|

Power input Power output

WE-WPCC

WE-MAP| WCAP-ATLL Wireless Pumr
SMT Power Inductor Aluminum Elsctrolytic Capacitors "
Transfer Coils WCAP-ATLL WE-MAPI

WE-ExB Alumm‘um Electrolytic Capacitors SMT Power Inductor
Common Mode
Power Line Choke

WR-PF

WCAP-CSGP
A - SMT EMI Suppression
WA-SPAIl and WA-SPAIE Cormmin Copuinl Power Forrit

WCAP-FTX2 Spacer Stud
Film Capacitors

MaghC-VDRM

Variable Step Down
WR-DC WR-TBL Regulator Module
DC Power Jack PCB Header \FMCRB-THB:NQ :
MagPC-VORM WCAP-CSGP ::E;:;:fntgow-r
Variable Step Down Ceramic Capacitors Capacitor
Regulator Module

WA-SPAIl und
WCAP-ASLL WA-SPAIE
WR-BHD J : Aluminum Electrolytic Soacer Stud
Male Box Header | Capacilors
WL-SMCW WR-PHD WL-SMCW WR-PHD
SMT Mono-color Chip Dual Pin Header SMT Mono-color Chip Dual Socket/Pin
LED Waterclear Header

LED Waterclear
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http://www.we-online.com/wirelesspower/200WKit

200W WPT solution with data transfer

www.we-online.com/wirelesspower/200WKit

—

Input power 200 W: Transmitter coil

- Input voltage 19...24 V

- Input current 10 A max.

« Resonant tank: series resonant circuit for better magnetic coupling between the two coils  better efficigncy,

wider transmission range

»  Full Bridge circuit and bridge control: transformation of DC current to AC current
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http://www.we-online.com/wirelesspower/200WKit

200W WPT solution with data transfer www.we-online.com/wirelesspower/200WKit

Output power 200 W:
 ——

- Output voltage 19 V

Receiver coll

- Output current 10 A max.

+ Resonant tank: series resonant circuit for better magnetic coupling between the two coils  better eﬁic:Téncy,

wider transmission range

*  Active rectifier: transformation of AC current to DC current
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http://www.we-online.com/wirelesspower/200WKit

WIRELESS POWER TRANSFER ENABLES IIOT
WE CUT THE CORD!

UART data transfer

Yy
115kBit/s ™\, IC sensor data

EFSK, ASK ) 100kBit/s

-------------------- , WPT caoll R ensors’
V4 https://we-iot-device....

I M O d U | e Temperature & Pressure Real-time Data %

Wifi transfer —
I/
i il

2.4GHz
Smart or mobile devices

Wireless Node '\ =
maximum 1 —

65536 nodes
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Information Material
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WIRELESS POWER TRANSFER WEBSITE
HTTP://WWW.WE-ONLINE.COM/WIRELESSPOWER

_w o Home  Career Contact [# English + .

Electronic & Electromechanical i i Intelligent Power and Control

Components Systems

ﬁ Electronic & Electromechanical Components Products & Services Applications Wireless Power
Welcome =d Power through the air

Products & Services

Online Catalog
New Products
Innovations > read more about this topic
Applications
Custom Coils
usB

TI-PMLK Learning Kit

Wireless Power Coils WE-WPCC
AMBER PI

Digital Power > Ask for custom coils

Energy Harvesting Wireless Power Coils WE-WPCC WE-WPCC offer the best performance with highest

Q-factor and lowest RDC values. Standardized coils, according to Wireless Power Wireless Power Charging Coil
Power Tools Consortium (WPC), and other offthe-shelf components from 50 mW to 200 W are
available. Costumized solutions for wireless power coils up to 11 KW are possible.
Therefore we offer the industry's broadest portfolio of wireless power transfer coils.
15 W it Renesas > To product partialio of Wiirth Elekronik
Electronics L/

> Wireless Power Transfer Coils Flyer 2021
200 W Kit

Reference Designs

NEW! The Trilogy of Wireless

Mix and Match Power Transfer

Infagraphic With the new book Trilogy of Wireless Power > more

Transfer you getto know the basic brinciples of

wireless Power Transfer, WPT systems and

Applications. Reference Designs

FAQ

Design Your EMC filter

> Getfree exiracts

Custom Shielding

o T,

LI'O | WIRELESS POWER TRANSFER | 2022



http://www.we-online.com/wirelesspower

FAQ - HOTLINE

= http://www.we-online.com/wirelesspower/faqg

— R
= —o— Home Career Contact [& English .
= e
= —_——
i Am— e
WIRTH ELEKTRONIK FE— a

Electronic & Electromechanical e i Intelligent Power and Wiirth Elektro

Components Boards Systems

ﬁ Electronic & Electromechanical Components Products & Services Applications Wireless Power FAQ

Welcome Product Catalog
Products & Services m

Online Catalog

=L

> Enter Catalog

New Products

Innovations

Applications
usB

TI-PMLK Learning Kit

FAQ

AMBER PI

Digital Power
» What is the maximum distance between transmitter and receiver?

Energy Harvesting

Power Tools > Which power can be transmitted with WPC coils?

Wireless Power » What is the operational frequency for Qi transmission?

W

15 W Kit Renesas

> . y . e
Electronics Any problems (heating) with foreign objects

200 W Kit > Are transmitter and receiver standardized?

Reference Designs - . -
g > s the data communication of WPC the same as Near Field Communication ?

Mix and Match
> Why should the Q value of the coils be high?
Infographic

FAQ > Are application notes available for WPC coils from Wiirth Elektronik?

Design Your EMC filter > What is the purpose of the ferite?
- . Custom Shieldi
Other requeStS to WIrE|esspower@We Onllne com C:bi.:lr:ts " > Are ICs available which support more than the 15W in Qi Standard?
Alnhalmeana Rark ¥ Can e afar nomiralae e nessee smlioatiae i
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http://www.we-online.com/wirelesspower/faq

MIX AND MATCH FOR WIRELESS POWER COIL

http://www.we-online.de/wirelesspower/mixandmatch a\ﬂa

Home  Career Contact  [#8 English ‘
— _0_
== 40 ]
W oV

v ok \\2

WIURTH ELEKTRONIK FEy— Q

Electronic & Electromechanical Printed Circuit Intelligent Power and Control - : P
Components Boards Systems Wirth Elektronik Group
ﬁ Electronic & Electromechanical Components Products & Services Applications Wireless Power Mix and Match

Welcome

Mix and Match for Wireless Power Coils

Products & Services

Your tool to find the perfect coil combination for wireless power applications.

Online Catalog

New Products By chckmg ont.he selected dotyou will be forwarded to our online simulation software REDEXPERT and get detailed information about
the specific pair of coils.

Innovations
By selecting the order code you will be forwarded to the productin our online catalogue.

Applications

USB Type-C Power
Delivery Award for the Innovator of the Year 2017
ESIGN& Wiirth Elektronik eiSos was awarded the title "Innovator of the year 2017 by the trade journal

NIK Design & Elektronik for the Mix and Match Tool.
NOW-HOW FOR ENTWICKLER

o

TI-PMLK Learning Kit

=

AMBER PI
Digital Power Innovator des Jahres

Energy Harvesting

USB 2.0
15 W Kit Renesas =
Electronics S 8 3 & 85 8 8 2 g2 ¢z L2z g
o4 o~ o o4 o o o o o o4 o o4 o o o o 4
— o L] Lol L] (] o — — o L] o o4 — Lol — — -
200 W Kit £ £S5 S5 2 5 5558 5 2 5 5 5 5 &
w =] o @ w w w w w w w w w w @ w w a
28 8 888 B8 EREEEREEE R G
Reference Designs c o 2 =2 2 2 2 2 =2 =@ = = © = = = o= ¢
2 @ b B b BB ® ® B @ b ® O ® ® B B® &
. - P - - - - - - - - - - - - - - - ]
Mix and Match
760308 101
Infagraphic Qi-A1/19Y (<] o O © 00 0 O ¢
FAQ 760308 105
(] o o ] 0 0

Desian Your EMC filter

Qi-AB /5 VY O
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http://www.we-online.de/wirelesspower/mixandmatch

REDEXPERT FOR WIRELESS POWER COIL

https://www.we-online.com/redexpert/wirelesspower

REDEXPERT®  WIRELESS POWER TRANSMISSION |  APPLICATIONS HOWTO | *§ SHARE ITEMS -
< WPT Resonant Tank App 10 Filters: Type = RX 27 items K}
SELECTION "’ Qi Order Code % Series Y Match %7 CouplingFacteor " Type T Size Il. % Spec Compliance W L@125kHz Y Q@125kHz Y |k La V' Rogmm 7 Tres ' Length Max °
e m-“mm-a e mmm wn| | reowa| il
760308101 | [ |c7eesomosms |
X q < 760308201 WE-WPCC (| RX 3737 s works with Qi Rx IC's 10.0 pH I 350A  BODA 200m0 150 MHz 37.00mm
24.0 uH - 90.0
g 760308103202 WE-WPCC 0.66 RX 4832 G works with Qi Rx IC's 12.0 pH 330 300A  6.00A 200m0 250 MHz 48.30mm
I g 760308103203 WE-WPCC 0.59 RX 4832 pEp  works with Qi Rx IC's 12.0 pH 210  1.80A  3.00A 550mQ  20.0 MHz 48.30mm
Options g < 760308103204 WE-WPCC 0.60 RX 3830 fmy  works with Qi Rx IC's 16.7 uH 320 200A  400A 430m0 11.0MHz 38.50mm
Show both, transmitters and receivers :
g < 760308103206 WE-WPCC o RX 2815 ey works with Qi Rx IC's 7.50 uH 160 1.55A  3.00A 380mQ  23.0 MHz 28.00mm
WE-WPCC - 760308103205 g 760308101208 WE-WPCC (] RX @10 & works with Qi Rx IC's 13.0 pH 170 B0OMA  2.00A 500ma  26.0 MHz 10.00mm™
c k C
7 1 < >
r
" 760308101 760308103205 X = Ao .
™ RX
—
_— srow panet (oo
res
. Gomvlexpemesniy Py = Ol pewe = 0
Cs c1 c2 c3 1 mH 140 BOK 100 k
{01402:03) 100 nF 47.0 nF 22.0nF
169 nF
cd c4 cs 120 50K K
(C4CT) 2.0 nE ~ | i 2 i 10k
I 100 LI/ I .
Lp k Ls 100 wH i K . o WK + ;
24.0 . I ! ! t 2 i £
uH 0.54 11.0 pH . ! Cw : - 8 It B ok :
= . I=1 @ " @ ai
5 ; 3 3 T 5 . E i
g ] Pl g : : | i
2 Heaodaaad. . b T ’ = [
g & e 1 « I3 ]
= E = 100
/ L] r Ll a
104H . P = a0k E
10
10K
TpH o ] ok T !
10kHz 100kHz 1 MHz 10 MHz 100 MHz 10kHz 100 kHz 1 MHz 10 MHz OA 1A ZA ZA 4A 5A GA TA 2A 10 kHz 100 kHz 1 MHz 10 MHz
Frequency Freguency Current Frequency
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https://www.we-online.com/redexpert/#/module/15

NEW! TRILOGY OF WIRELESS POWER TRANSFER 2 WPT Systems

Part 2: WPT Systems

J

i T i le L | 21 Wireless Power Transfer: An Overview &3
1 Bﬂ SIC Prl ne p e | 211 Wireless Power Transfer: Amplifier Topologies B4
| 21.2 Coil Network Simplification B4
i | ( 213 Amplifier Topologies Suitable for Wireless Power ster 65
es | 214 ClassE Amplifier 22
1: Basic Princip plifier . : \ &
Part @ 51.5 Current-Mode Class D Amplifier, ;
2 OF WIRELESS POWER s ;ﬁstaﬁiammmﬂgﬂszﬂAmpliher. _____ .
Fa ; i gE-ode Class D Amplifi
.'I () Wireless Power Transfer Methods E(; TRANSFER 'I TEE SEas o
[ 111 Nearfiold Technology E
[ 112  Far-field Technology . “§
| { # [
| 1.9 Wireless Power lransfar Standards ) . t =
| . on
| 1.21 Wireless Power Consortiurm & ~ Appllca
| 1.2.2 AlrFuel Alliance . . @
' u part 3: Application
2
S = :
0 3.1 Vireless Power Transfer for Proprietary Solutions
[ 3.1.1 Wireless Charger with LTC4120. . . .. .. ... .. ..
| 31.2 100 W Classical Self-Oscillating Resonant Converter . _
." 3.1.3 200 W WPT System with. Data Transfer. .. .......
I.' 3.1.4 EMI/EMC for Wireless Power Transfer. . . . .
| 3.1.5 Loosely Coupled Systems . .

|
3.1.6 Closely Coupled Systems
3.1.7  EMI Layout Challenges

4 A — e

744018

LI'LI' | WIRELESS POWER TRANSFER | 2022




WURTH ELEKTRONIK & WPT

WE have the broadest publicly available portfolio of wireless power coils
= WE do customer specific coils

* WWEhave a high performance / quality product line

= WWEhave a high volume product line

= [//E'have supporting tools ( Mix&Match, Red Expert, Trilogy)
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. Over to you....

7
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