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Wireless Power Keeps Growing

l.eave cables at'home.and top up batteries
By 2018 over a billion receiver units are expected

to be shipped worldwide*

Wearable Medical Mobile phones Smart home Auto Power tools

e" % and ;[abiets ‘l'& ‘g

* Source: IHS October 2016
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Wireless Power at a Glance mmes
/ Magnetic induction \ / Magnetic resonance \

Secondary Advantages @ Advgntag es .
Col simple, efficient, safe, power © spatial freedom, multiple
Similar technology scalable, mature ) devices support, larger
. . Key technology challenges charging area

Different Implementation ‘ shield, coil alignment, @ Key technology challenges

ki good coupling ‘. power scalable, environment
Inductive Power Transfer ’ o f Trans i
Depends on close prosmity and multiple device operation D ——  Disadvantages

significant portion of the primary coil B . i " 1 Fatt
K fields intersecting the secondary coil Slmultaneously / \ m!fse(;:;:::;r;;:lz::wmaf increased EMI, efﬂClency /

"I is a member of Qi and AirFuel (A4WP + PMA)
N\

~

| " AirFuel’Alliance
Different Standards « Low Power: 5W (rel 1.2) Pawer Matters Alllance
*Qi — by Wireless Power Consortium « Medium Power: 15W (rel 1.2)
A 4W; PIIA _ oy Power Matter Alance |+ Qi Cordless kitchen appliances from 100W to « PRU Category 1-7. PTU Class 1-6
— by Alli i Wi .
Note: A4WP and PMA merged in June 2015 2.4kW o Prx Out Max from 3.5W to 50W (Cat. 1 TBD)
\- Resonant (Under Definition) / K P+x Input Max from 2W to 70W /
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Organizations Defining Standards

{, AirFuelAlliance

PMA C VIR ICZETICE

~200 under AirFuel Alliance name

Members

Available products >950 ~30 2

Technology E:gg::\;i t?lrjl(:j Inductive Resonant-HF

Infrastructure S_I_Peﬁificftion
Automotive Consumer awareness In dﬁgtrir;(l)isa?t)i/on
Investment areas Power increase T EE Marketing
Larger Z Medium Power Certificati
Shared Mode, Merge with A4WP (June’15) ertification program

& Test houses

Resonant Extension Merge with PMA (June’l5)

ST is Regular Member (*) of WPC and Full Member of AirFuel Alliance

(*) also member of the Steering Group
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Magnetic Induction Power Transfer
WPC Qi

Base Station Mobile Device
r= Transmitter Receiver =y
B Messages | ¥
|E:= » | Control |«<—| Comm ReEIected Load Comm |<— | Control +—-:E|
s 15,
:0'): I TDeMod Mod | I | :
! |
: :\—[[> Power Conversion § § Power Pick-up [ I :

» Operating Frequency is 110-205kHz

* One Base Station typically powers one Mobile Device

* In-band digital link is used for identification of compatible devices and control
of power levels (operates through the same coils used for power transfer)
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Magnetic Resonance Power Transfer
AirFuel ™

Rx Resonator Power Receiving Unit (PRU)
| Client
Rectifier DCtoDC Device
Load
f ? MCU &
- Operating Frequency is 6.78MHz AbAAA prtosinll D B
« Multiple PRUs can be can be powered o e
. I
from a single PTU YYYyyy EETEMEE @ 24 GHz Band| |
* A Bluetogth L(?yv E.nergy (BLE) I|_nk is _| !
used for identification of compatible Matchi '
) atching Power Power |
devices and control of power levels Circuit Amp Supply I
I
—, t MCUS | oty !
Tx Resonator O:d‘b""d - —————————| |
ignaling
Power Transmitting Unit (PTU)
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Introduction to WPC Qi Battery Charging
(Magnetic Induction)
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Power Transfer Principle

 Tightly coupled wireless charging technology uses magnetic induction to transfer power from
a transmitter (Tx) to a receiver (Rx).

« The magnetic field is generated by a coil on the TX side. The field is captured by a coil on
the RX side. The field works through air, no magnetic circuit links the coils.

» The received electrical signal is rectified, filtered and regulated before supplying the load.

Transmitter (Tx) Receiver (Rx)

S, B

| | |
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Adjust Power to Control Magnetic Field =

 To control the field, various solutions can be used (and combined):

Use the LC tank properties, changing the oscillator frequency.

Change the oscillator duty cycle (using a square wave oscillator)

Change the oscillator voltage.

Apply phase shift to a full bridge oscillator.

Frequency

Voltage

~~
Duty cycle =——p H H red

Phase shift=" 2 load
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RX to TX Communication

- Because there are too many variables (RX/TX coupling, RX & TX coils, load, ...), the TX
cannot set the regulation point by itself.

* There is then an absolute need of communication from RX to TX: the RX will have to pass
data to the TX about the regulation set point.

» This communication channel can also be used for auxiliary purposes and extended to bi-
directional communication

Field to modulate Cnmmunlcatmn Luca.tinn Df.
regulation point

e
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RX Presence Detection and FOD

* Receiver Presence Detection

« The transmitter generates a magnetic field at regular intervals and check if a load is present and consumes
power.

* FOD (Foreign Object Detection)
* Qi uses the method of power balance to estimate the presence of foreign object.

+ If the TX transmits more power than what the RX reports, a foreign object is present

Normal operation Foreign object presence
— g
—
R= 3.4
—> S load — L log
M:r:% Ts:tn: T I'ulaa%ﬁ]3 r:snc
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Power Transmitter Designs Overview mmm

Design Description Family | Voltage Control Design Description Family | Voltage Control
Al Single Primary Coil with magnet alignment #1 19V Frequency & Duty cycle Bl 2D array of Primary Coils (Litz-wire based) #3 20V Voltage
A2 Single movable Primary Coil #1 1:zv Voltage B2 2D array of Primary Coils [PCB based) #3 2oV Voltage
A3 Single movable Primary Coil #2 12V | Voltage & Frequency B3 2D array of Primary Coils (Litz/PCB hybrid) #3 12v Phase
A4 Two oblong Primary Coils #4 11V Voltage & Frequency B4 Linear array of Primary Coils #7 12V Phase
A5 Single Primary Coil with magnet alignment #1 5V Frequency & Duty cycle B5 Linear array of Primary Coils #7 12V Phase
A6 | Linear array of Primary Coils #3 12V | Frequency & Duty cycle B6 | Linear array of Primary Coils #9 3V | Phase
A7 Single movable Primary Coil #2 12V Voltage & Frequency
AB Single oblong Primary Coil #4 1v Voltage & Frequency : :

A9 Single Primary Coil with magnet alignment #1 15V Voltage & Frequency /

AlD Single Primary Coil without magnet #1 19V Frequency & Duty cycle | ‘ ﬁ T\|

All Single Primary Coil without magnet #1 5V Frequency & Duty cycle | k_ _) |

Al2 Single oblong Primary Coil #4 5V Frequency & Duty cycle Coil 2

Al3 Linear array of Primary Coils #5 12v Voltage & Frequency Coil 1 S _ Coil 3/

Al4 Two oblong Primary Coils #4 12v Frequency & Duty cycle

Al5 Single Primary Coil, user assisted alignment #2 1:zv Voltage & Frequency doe

Al6 Single triangular Primary Coil #6 5V Frequency & Duty cycle s

Al7 Single Primary Coil #1 15V Voltage & Frequency

Als Single Primary Coil, user assisted alignment #2 12V | Voltage & Frequency Family Primary Coil Shape Primary Coil Size

Alg Dual Primary Coils #5 12v Frequency & Duty cycle #1 Circular 1240...43 mm

A20 Single oblong Primary Coil #4 12v Voltage & Frequency #2 Circular #33...39 mm

A2l Linear array of Primary Coils #3 1:zv Frequency & Duty cycle #2 Circular/hexagonal #28..32 mm

A22 Single oblong Primary Coil #4 12V Voltage & Frequency #4 Oblong 65x57... 7060 mm?

A23 Single oblong Primary Coil #4 1:zv Voltage, Frequency & #5 Rectangular 46.5%37.5...53 %45 mm?
Duty Cycle

A4 Single Primary Coil #1 5V Frequency & Duty cycle #6 Triangular 52x46..59x52 mm?*

A25 Single oblong Primary Coil #4 5V Frequency & Duty cycle #7 Square 45x45 mm?

A26 | Single triangular Primary Coil #6 5V Frequency & Duty cycle #8 Circular 260 mm

A27 | Single Primary Coil #8 12V | Phase #9 | Oblong 45234 mm?

A28 Linear array of Primary Coils #5 5V Frequency & Duty cycle

A9 Single Primary Coil #1 12V Voltage control

A30 Single oblong Primary Coil #4 12V Frequency & Duty cycle

A3l Single oblong Primary Coil #4 12V Frequency & Duty cycle Source: WPC Qi specifications, Version 1..2




STWBC

Qi Wireless Battery Charging Transmitter IC
'S71
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STWBC - Transmitter

Flexible, efficient, compliant with leading standard

=
5 = 3 5V IC supply voltage
E 5 waob 25 2 . :
< 0 oo 22 Two Firmware options
s e I e I e e e I s B  Turn/key solution for quick design
/@ 330 w28 o1 26 35 + APIs available for customization
UARTRX [[1 @ 2s| | DRIVEOUTI1]
PWM_AUX [ ]2 2s] | DIGINI] API: Available Peripherals
2C_SDA/DIGINI4] | |3 22| | DIGIN[O] « ADC with 10 bit precision and 1MQ input impedance
2C_SCL/DIGING] [ | 4 21]] privEOUTIO] © UART
STWBC * I2C master fast-slow speed rate
DRIVEOUT3] [|5 20[] vmaN . GPIOs
P00 []e 19] | I1SENSE - Program memory: 32* kbyte EEPROM
crio_t [|7 18| | NTC_TEMP (*available size for APl depends on selected FW)
CPP_INT_3 [ 17|] sPARE_ADC[O] L
1 o 10 11 12 13 14 15 18 i General application features:
I S S D D Sy * Low cost 2-layer PCBs
- S S B * Active object detection
Z 5228 282 - Graphical user interface for application monitoring
A5 & oa g = - Evaluation board
O © o O zl
=
Kys 2

life.augmented



STWBC - Transmitter

Flexible, efficient, compliant with leading standard

STWBC OPERATIONAL BLOCKS AND QI 1.1.2 A11 CONFIGURATION
5V

-6

2 Vbus monitor

Digital bridge

controller

4 5or3.3Vinput

2x LED Temperature B

protection h

Overcurrent B

Push bottons < protection
LED Signal and protocol B
) demodulator |}
Buzzers « r .
Communication < I2c ,’ Active objoct
interfaces Customizable STWBC detector h

4
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STWBC Transmitter
Qi Evaluation Boards

mented



STWBC - A11 Transmitter Configuration

« 5W Qi, 1-Coil, 5V supply DL‘

UPBL — .
UPBR et
- o
Il Peak Detector
X ssqu
STWBC .

l LA erd =
Q) T NIR AL '

il Viridge

— Syribol detection’
Symbol datection 2

* A11 requires accurate frequency control:
* Operating frequency range 110kHz — 205kHz
* Duty cycle 50%-10% @ 205kHz

Lkys
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STWBC 5W A11 Transmitter Reference Board
STEVAL-ISB027V1

« 2-Layer PCB and single-side placement

GATE DRIVE
— B == == - FULL BRIDGE - ) zon O _ e
T Wemmeted (8 | * . ==_ SYMBOLDETECTOR
.o CIOEE - T o owe
LC POWER NODE e
B
L ]
2 le
- : STWBC
_ﬂ?
.
O] ipa ! &
—_— — — — CURRENT DEMODULATION s+ == e e et CURRENT SENSE
N ARNIN _.-=== nann . L
. -_ £ .--2.. llll' IF ’ : @
o StandBy R . o M =
| .I" By | POWER SUPPLY
* Ping active - nw=
. \ @ [ @
« 3mW consumption - _ "= H |
* FOD active o
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STWBC — A34 Transmitter Configuration

* Available also as 5W Qi platform for Automotive, 3-Coil system

=
DC to DC 2¥ to 24V
|s1Ps Fiyback g - Qi protocol, coil choice, bridge
3 } i i o and fly back control handled
o b ' by the STWBC
g% ; ; * The transmitter is based on a

At

+ 15y e [ & )
(i)' to1d E"—I by a Flyback converter

* The inverter bridge is supplied

it LI 2, 50 STWEBC
I !t :
Vinltage LC adapter 3 LC adapter 3 LC adapter ] half br|dge tOpOIOQy
Supemisar burrent & switeh & switeh & switch

| sebect 1
Coil mebect 2

Codl seleck O

-
GPIO
™ Expander
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ST A34 Transmitter Special Recipe

- ST implementation differs from the similar 3-coil A13 design. Here are the differences:

Board input voltage: Exactly same (12V)

Coil: Exactly same

Resonant tank: Similar at 110kHz operating frequency
Resonant tank excitation voltage: Exactly same

Bridge: Half-bridge instead of full-bridge

Bridge supply average power: Exactly same

Bridge supply voltage: 2 to 24V instead of 1 to 12V

PID: Same except that PID output (scaling factor) is doubled

« Those modifications have been submitted to Qi consortium under CR305 ID. It has received
the A34 designation and it is now listed on the Wireless Power Consortium website.

Lkys
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STWBC - 5W A34 Transmitter Reference Board
ASTWBC (H1'17): automotive grade STEVAL-ISB028V1

STWBC-MC: Industrial grade (aftermarket)

+ 2-layer PCB and single-side
placement (same area as 3-coll

Flyback pre drive

assembly) Flyback with — and filtering
drive, schottky
barrier diode and— >
capacitor LDO and reset
— Flyback sense filtering

Bridge inverter

5 —— Demagnetization circuitry
and pre drive

——— DAC circuitry

Front filter STWBC
#— Current demodulation
~ Current sense
= B
Individual LC L TGPIO

w StandBy

* Ping active
* 30mW consumption
* FOD active

expander oltage
demodulation

/

RIG!

:
b ;
- i =3
G
SRI02=R11 RE?!
e
HORO) ri2

Coil switch
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STWBC — Wearable Transmitter Configuration
!

VIN UPBL
monitoring E
¢ Power
_m Node
Wave frequency
thermistor STW BC DNBL E ——

A
SC)
Place close f

Wave_sns

- System, bridge control and Qi protocol are handled by the STWBC
» The transmitter is based on a half bridge topology

» The inverter bridge is supplied by 5V input voltage
‘YI
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STWBC - 1W Wearable Transmitter Reference Board
STEVAL-ISB038VAT

« 2-Layer PCB and single-side placement

SWIM ::JZ Misc2(®)
connector
Power
USB/UART Supply
connector
Half
Bridge
STWBC
digital LC
controller Power
Node
| Wave
frequency
sensing
Current
sense
! circuit
20mm Coil ®wmisct Misc3(@)
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Turn-Key

Cost down and size reduced solution

Quickly fit your application with
Wireless Charging technologies

Firmware ready (No changes
required)

Two System Approaches

Application customization
via firmware changes

Customize the application around the

Wireless Transmitter. Add:
LEDs lights
Sounds
Connectivity (host controllers,
Bluetooth/Wifi modules)

ST takes care of the wireless Power
Transfer algorithms and control loop.




STWBC: Wireless Battery Charger TX

= . 5\ typical
* Qi A11 1.1.2 Certified (1.2 LP Ready) ref. design
 Foreign Object Detection (FOD)

* Active presence detector

* Turn Key or
API customization

« Standby efficiency: ‘ V =
* 3mW consumption . : Certified Wireless Charger (15W)
* FOD active in standby . IC: STWBC-MP %
» Reference Design: Qi 1.2 MP Certified
» Graphical Interface for Configuration

STWBC-MP (Q3 -17) qQ 15

STWBC-MC - STEVAL-ISB028V1 q.)

A34 Wireless charger Automotive (5W)
Multi-coil for expanded
posmonmg area

Advanced FOD recognition
« 5-16V wide input range

Available on request

--CEJ-CN

oty cve: 5% e vomge: 4

r

by
Fxreporied Pomer: § kY S vottaoes 43)

ol tenperanre: 35 ol caent: 0.38

TX for Wearable
‘ « 20 mm Coil
,’ * 1W delivery at RX side

life.augmented + Compatible with STWLC04 RX Available




STWLC

Qi/AirFuel Inductive Wireless Battery Charger Receiver IC



STWLCOx - Receiver

ST is at the edge of innovation

Multi Mode Qi 1.1.2 and AirFuel Inductive SR1

STWLCO3 standards
System
services Embedded MCU with 16Kb ROM and 2Kb RAM
act | Memories tj VCORE (20ma)
o mE | SYNchronous
- yrectiﬁer 2kBNYM( 2kB NVM memory for customization
o

2|

16kB
Programmable buck converter with current and

Protections voltage regulation (fsw=1MHz)

Buck convert
CCLANP Voltage Over UVLO
clamp temperature

Flip Chip 3.1x4.7mm

Integrated high efficiency synchronous rectifier

Lkys
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STWLCOx Simplified Application Diagram
Buck Regulator

+5V from USB +5V from Wall Adapter
connector , (optional)

1

1

1

1

1

1

1

I_

§ STWLCOx
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STWLCOx Simplified Application Diagram
Direct Charging -

RX COIL

Lowest Output Leakage Current in the market!

Guaranteed at <1pA
Measured as low as 0.14pA

Lkys
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STWLC Receliver
Qi Evaluation Boards
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STWLCO03 — 5W Qi/AirFuel Inductive Receiver Reference Board
STEVAL-ISB036V1

* 4-Layer PCB and single-side placement

% ' RL7 —
» Qi 1.1 and AirFuel Inductive SR1 certified i zaagd MMH, TR
oesese Lsece ™

e A
P T,

161 TAL
§X g£wFga o &5

™| Nv:

r F0ar] &

STWLCO3 .
Receiver IC Em N
B D 3 en
EDD--DD -
] fpEE ot
weonr _i - vrk

.
—
J31
= ~
:
u

[DEMDBOARD FOR EUALUATION PURPOSES ONLY

'ED I
PGND -.DDDD
- ccccc
- STBCO2
C' mr:lgﬁr:::l Charger IC
S (optional)
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STWLCO04 — 1W Wearable Receiver Reference Board
STEVAL-ISB038V1R

STEUAL-ISBO38ULR e [TurecT @

» 4-layer PCB and single-side placement

STWLCO04

: TUauT
Receiver IC e
ouT+ TUauT
a
T [ -]
a
FL DUT-FL
9
m2lg friz
' RCLZ

: . .
] + - | |cobBTAnT] | w0
11mm Coil STHULCO4 +5 wearable RS

Lkys
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STWLCO03 — 2.5W Small Form Factor Receiver Reference Board

STEVAL-ISB040V1

» 4-layer PCB and single-side placement

STWLCO03 (=) 0
Receiver IC GND DD DHFﬁ cL
(] L
SDA| Lo Sk 7 uouT
- N 40
SCL| _RrRzO ) DDD o i o
INT REC) s ss , -
S o |
USBOK R4 wuScMI[
U10 QQDDQ +
EN___R2C] RO MNE ~ 8  colL+
STEVAL-ISB040V1 | OOOOO

FOR EVALUATION ONLY
NOT FCC APPROVED FOR RESALE

30x30mm Caoll
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STWLCO03/04: Wireless Battery Charger RX

STWLCO3 - STEVAL-ISB036V1 Q' |

Qi/AirFuel Ind. Certified Wireless Charger
(5W)

» 5W Certified, 7.5W Max

* Qi 1.1 and AirFuel SR1 Certified
Reference Design

* Foreign Object Detection (FOD)

¢ I2C Interface

* Voltage Source or Direct Charging

configurations

Available

STWLCO04 - STEVAL-ISB038V1R

Wireless Charger for Wearable (1W)

* 11mm Caoil

* 1W Received Power

 Qi-based Reference Design

* I2C Interface

* Voltage Source or Direct Charging
configurations

Available

STWBC-WA + STWLC04

STEVAL-ISB038V1
Wireless Charger Evaluation Kit for Wearable (1W)

* Coils: 20mm TX, 11mm RX

» Complete End to End evaluation platform

» GUI-controlled for Monitoring and Parameters Setting
* 5V USB Supply

» Can support up to 3W with larger size coils

Available

STWLCO3 - STEVAL-ISB040V1

Wireless Charger Small Form Factor (2.5W)

* 30x30mm Coil

» 2.5W Received Power

* Qi-based Reference Design

* I2C Interface

» Voltage Source or Direct Charging

configurations

Available




STWLC33: 15W Wireless Battery Charger RX

STWLC33 — STEVAL-ISBOXxV1 | ) 15
Watts

Qi/AirFuel Inductive Certified Wireless Receiver with Transmit capability

* Up to 15 W output power in RX mode and 5 W in TX mode

* Qi 1.2 and AirFuel inductive wireless standard
communication protocol

* Integrated high efficiency synchronous rectifier

» Low drop regulator with output current and input voltage
regulation loop

* Total system efficiency up to 80% at 5V VOUT

* 32-bit, 32 MHz ARM Cortex microcontroller with 32 kB FW
memory, 8 kB RAM memory

* 4 kB NVM for configuration

* 10-bit 8-channel A/D converter

» Up to 5 configurable GPIOs

* Integrated 5 V LDO for auxiliary features

* Precise voltage and current measurements for FOD function

» Overvoltage clamp protection

* HW FSK and ASK demodulators

* 12C interface

+ CSP 3.97x2.67 mm, 400 um pitch 52 balls

life.augmented




ST Strengths in Wireless Charging

« Member of WPC and AirFuel Alliance

+ System knowledge in both TX and RX sides

BCD Technology well matches voltages present in these architectures
 |IPs availability and integration capability

« TX and RX Silicon BOM fully covered by ST

Design collaboration with WiTricity to develop solutions for Magnetic Resonant systems

The easiest way to charge your portable devices

-------------------------------------------------------------------------------
K .

-----------------------------------------------
o .

Transmitter - : : = Receiver
| [ 57 ] s

STWLCO03/04

. == STWBCxx Battery K¥7
: - === QFN-32
‘_Yl 5 = Management
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Thank you!

ST stands for
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