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Similar technology
Different Implementation

Different Standards

*Qi — by Wireless Power Consortium

* PMA — by Power Matter Alliance
A4WP — by Alliance for Wireless Power
Note: A4WP and PMA merged in June 2015
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Wireless Power at a Glance

.. R ) ( .
Magnetic induction Magnetic resonance
s Advantages @ - © Advantages
ol simple, efficient, safe, power spatial freedom, multiple
scalable, mature @D devices support, larger
Kﬁyktjech!?ollpgy challenges charging area
= Sofd égg' ”:;lgnment, Key technology challenges
o 9c ping ‘ primary power scalable, environment
- Disadvantages ol fetv. TX and RX desi
et Power T limited x/y/z space, difficult for Biild saiety, 1A an esign
D o cse prosinRy 404 multiple device operation porormbowe e Disadvantages
"5“"‘“”""""_‘“““MF""B""“’“ Simu|taneous|y intersecting a reasonable amount of InCI’eased EMI, eff|C|ency
fields intersecting the secondary coil primary coil flux lines
J

‘,’ is a member of Qi and AirFuel (former AAWP + PMA)

) 4
qQ < RirFuel Alliance
l“ ﬂvmauersnalllance
» Baseline Power Profile (BPP): 5W (rel 1.2.4)
» Extended Power Profile (EPP): 15W (rel 1.2.4)
* Medium Power Working Group up to 200W » PRU Category 1-7. PTU Class 1-6
+ Kitchen Working Group up 2.4kW * Pgrx Out Max from 3.5W to 50W (Cat. 1 TBD)
* Resonant (Under Consideration) ] Px Input Max from 2W to 70W




Magnetic Induction Power Transfer
WPC Qi/AirFuel Inductive (Was PMA)

.

= |

Base Station Mobile Device

Transmitter Receiver =
|
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Control |<—| Comm Reflected Load Comm |<— | Control — |
! Dot o | P

|\_\ |
~'| Power Conversion § % Power Pick-up [:—V- 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)



Magnetic Resonance Power Transfer
AirFuel Resonant

Rx Resonator Power Receiving Unit (PRU)
| Client
Rectifier DC to DC Device
. . = Load
 Operating Frequency is 6.78MHz | | 5 ¥ s
. i IYYYY w0 T s
Multllplg 1I_DLIJ?US can be powered by a 1 S Sowns | putonst | |
single Coupling Commumc,aiion |
_ YYegyy T G =¥ Cri=tand :
* A Bluetooth Low Energy (BLE) link | |
is used for identification of | Matehing — S i
compatible devices and control of BN | Circul Ay Supply !
Voltags |
power levels = MCUB |contra |
Tx Resonator 1— Out-ofband L= -
Signaiing
Power Transmitting Unit (PTU)




Introduction to WPC Qi Battery Charging

(Magnetic Induction)
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Power Transfer Principles

 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)

BRI en




Magnetic Field Control
: : 8
by Adjusting Power

+ 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. ._)J,-—-x »
[Frequency
Voltage ] I
-
Duty cycle w——p ‘g %‘ ~{} reg
Phase shift =" L < foad
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Communication mm

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

* Qi 1.2.4 defines two communications methods:
« Unidirectional: RX to TX only, ASK, for BPP (Baseline Power Profile). Same as in Qi 1.1
« Bidirectional: RX to TX, ASK and TX to RX, FSK, for EPP (Extended Power Profile). Did not exist in Qi 1.1

Communication Location of
I -— I regulation point
|
g load
Field to modulate /- T
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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 1.2.4 defines two methods. Qi 1.1 only had one, Power Balance:

« Power Balance: If the TX transmits more power than what the RX reports (including losses), a foreign
object is present

« Q-factor: Compares Q measured on TX side with reference value stored in RX NVM

Q factor
(stored in NVM

Measure Estimate Estimate Measure Q factor
Input Power == transmitted Power| | received Power | = Input Power | e messifament

Drivers ﬁ

Voltage
regulation

| Rectification Voitag_e
! regulation

Controller Controller

Q-factor
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ransmitter Design Overv

Design Description Family | Voltage Control Design Description Family | Voltage Control
Al | Single Primary Coll 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 12V | Voltage B2 | 2D array of Primary Coils (PCB based) #3 20V | Voltage
A3 | Single movable Primary Coil #2 12V | Voltage & Frequency B3 | 2D array of Primary Coils (Litz/PCB hybrid) #3 12V | Phasze
A% Two oblong Primary Coils e 11V | Voltage & Frequency B4 Linear array of Primary Coils #7 12V | Phasze
AS | Single Primary Coll with magnet allgnment #1 3V | Frequency & Duty cycle B35 | Lineararray of Primary Coils 47 12V | Phase
A6 Linear array of Primary Coils #d 2zv Frequency & Duty cycle B& Linesr a.n-ay of Pl-iIna_r;v Calls #0 3V Phasze
AT Single movable Primary Coil #2 12y Voltage & Frequency
A8 Single ablong Primary Coil #4 11V | Voltage & Frequency P ~
A9 Single Primary Coil with magnetalignment #1 153V | Voltage & Frequency
AlQ Single Prinzary Coil without magnet #1 1y Frequency & Duty cyele ( (—w
All Single Primary Coil without magnet #1 5V Frequency & Duty cycle
Al2 | Single oblong Primary Coil #4 5V | Frequency & Duty cycle \T
Al3 Linear array of Primary Coils #3 12V Voltage & Frequency \EaH 1 X Lo
Als Twa ohlong Primary Ceils #4 12V | Frequency & Duty cycle
Al5 | Single Primary Coil, user assisted alignment #2 12V | Voltage & Frequency e
AlG Single triangular Primary Coil #0 av Frequency & Duty cycle e
A17 | Single Primary Coil #1 15V [ Voltage & Frequency
AlB | Single Primary Coil. user assisted alignment #2 12V | Voltage & Frequency Family Primary Coil Shape Primary Coil Size
AlS Dual Primary Coils #3 12y Frequency & Duty cycle #1 Circular 240,43 mm
AZD Single oblong Primary Cofl #4 12y Voltage & Frequency #2 Circular Z33.39mm
A21 Linear array of Primary Colls #3 12 Frequency & Duty cycle #2 Circular/hexagonal 228,32 mm
A22 Single oblong Primary Coil # 2V Voltage & Frequency #1 Ohlang 65x57...70%60 mm?
A23 Single oblong Primary Coil #1 12 Voltage, Frequency & #5 Rectangular 46.5%37.5..53 45 mm?
Duty Cycle
223 | Single Primary Coll 1 5V | Fréquency &Ditly cycle #9, | Triangular Hed6 5OR5 2 mm?
A25 Zingle oblong Primary Coll #4 3V Frequency & Duty cycle 7 Squdre 4545 mm?
426 | Single trizngular Primary Coil #5 5V | Frequency & Duty cycle #8 | Circular 260 mm
427 | Single Primary Call #8 12V | Phase #2 | Ghlong 45x34 mm*
A2B Linear array of Primary Colls #3 3V Frequency & Duty cycle
A29 Single Primary Coil #l 12V | Voliage conirol
A30 Single oblong Primary Coil 53 12y Freguency & Duty cycle
A3l Lingle oblong Primary Coil #4 12V | Frequency & Duty cycle

Source: WPC Qi specifications, Version 1.2




STWBC
Qi Wireless Battery Charging Transmitter IC
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STWBC - Transmitter

Flexible, efficient, compliant with leading standards

)
< _ B 5V IC supply voltage
coe -
E =
< § & § 2 £ 0 % Two Firmware options
i — « Turn/key .solution for quicl§ dgsign
/32 31 30 20 28 27 26 25  APIs available for customization
UARTRX [[1 @ 24| | DRIVEOUT1]
PWM_AUX | |2 23] | DIGIN[1] API: Available Peripherals
2c_sDAIDIGING [ |3 »[] iGN . Ggg_rwnh 10 bit precision and 1MQ input impedance
e scupiigs) |4 STWBC 2] oriveouTo) - 12C master fast-slow speed rate
DRIVEOUTI3] [ |5 2[] vmAN - GPIOs
Grioo [|e 19| | ISENSE » Program memory: 32* kbyte EEPROM
cpiot [|7 | NTC_TEMP (*available size for APl depends on selected FW)
cPP.NT3 [1e s e w[] sPaRE_ADCl0] General application features:
Nom oS 9 g s Wou * Active object detection
EI N 21 E‘ S 2 g &g + Graphical user interface for application monitoring
& & 28 o =z + Evaluation board
(&] o O ¥1
IS77 :
> /4 =
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STWBC - Transmitter

Flexible, efficient, compliant with leading standards

STWBC OPERATIONAL BLOCKS AND QI 1.1.2 A11 CONFIGURATION
5V

-
>

g Dor3.3Vinput
ED

Digital bridge
controller
Temperature P
protection h
Overcurrent P
protection

Push bottons <

e Signal and protocol B

b demodulator |

Buzzers < ‘—' <
Communication < Yl Active object

interfaces Customizable STWBC detector |}
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STWBC Transmitter

Qi Reference Designs and Boards
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Qi-based 2.5W Wearable TX Configuration

j UPBL
VIN UPBR A
monitoring
V_sns
\ m Power|Node | |
I
STWBC-WA >, B v
thermistor | DNBR " Wave /
equency,
A phase shift
+
WQD Place close )
ttttt |
- Wave_Sns 1
= I
‘‘‘‘‘ roe——

STWBC-WA

« System, bridge control and

Qi protocol are handled by
the STWBC-WA

« The transmitter is based on

a Full-Bridge topology

« The inverter bridge is

supplied by 5V input voltage

« Support up 2.5W with 20mm

coil

« Scalable down to 1W with

even smaller coil (15mm)




Qi-based Wearable TX Reference Board
STWBC-WA — 2.5W STEVAL-ISB045V1

- 2-Layer PCB and single-side placement

Status Input supply filtering,
LEDs STWBC-WA close to input

ﬁonnector

PCB
(28x14mm)

Coil Ferrite 2 USB to UART
Screen (back) el | Dongle

. Wave frequency Full Bridge and Micro-USB
r Small Coil sensing coil connections connector
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5W BPP Transmitter Configuration

« 5W Qi, 1-Coil, 5V supply

* Frequency and Duty-Cycle
control:

» Operating frequency range

110kHz — 205kHz

* Duty cycle 50%-10% @

205kHz

STWBC A-11
UPEL — |
@g e T
Y II il § Peak Detector
STWBC u
- W) e <
) T g '
Currant_detection e :[




Transmitter Reference Board
STWBC 5W A11 — STEVAL-ISB027V1

2-Layer PCB and single-side placement

GATE DRIVE e
- L.
FULL BRIDGE 5 : e
. o L= SyMBOL DETECTOR
L: . L E-
LG POWER NODE el
\ . P
A - O STWEBC
- | )
i3 = o 4R r L " ’ p! - rEk : Ii
CURRENT DEMODULATION £, SLited s — \—— CURRENT SENSE
A sem] saesfe ; '
o Standby ' R . N
o B : POWER SUPPLY
* 3mW consumption - ==
. . - J
« Ping active - F |
» FOD active




gmented

15W EPP Transmitter Configuration
STWBC-EP MP-A10

DCto DC
SMPS Boost

[Vin+2V, 16V] (LP)

Vin
5to 13V

 «—— [Vin+2V, 24V] (Elj

—=LDO 4.5V [—p

Bootstrap
Gate Driver

L |
Patent demod
<

QFactor

Yy
STWBC-EP [P .
= y

control

Current
Amplifier

Symbol
Detection

LC adapter }

- Qi 1.2.3 EPP (Extended

Power Profile) up to 15W

- Half-Bridge topology
« Support Basic Power

Profile as well, up to 5W

- Wide supply voltage range,

5t0 13V

Voltage and Frequency
control




2-Layer PCB and single-side placement

Lys
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Transmitter Reference Board
STWBC-EP 15W MP-A10 STEVAL-ISB044V1

Voltage/current LED, SWIM and
LDO (DEDE Demodufation STWBC-EP demodulation circuits ~ USB/UART debug
optional) circuits

m StandBy

* 16mW consumption
* Ping active
» FOD active

Half bridge driver
Power Supply and LC Tank circuit

3 Boost Quick Charge
connections & Cireuit Gircuit

input filtering




15W EPP Transmitter Configuration
Fixed Frequency STWBC-EP MP-A15

Symbol
Detection

- Qi 1.2.4 EPP (Extended
Power Profile) up to 15W

QroD

Phase —
Demod
DC to DC 2V to 28V - Half-Bridge topology
SMPS SEPIC - .
« Support Basic Power
¥ ¥ | Profile as well, up to 5W
—LDO 4.5V STWBC-EP [P §§ « 127.7 KHz fixed frequency
I 'Y 22 |:<.i 1 - Fast Charge support
Voltage LC ad .
siparoge T | o e } - Wide supply voltage range,
= 5 to 20V, with Quick
5 to 20V Symbol | ’
(‘ g Detection ‘_::: Cha rge
i‘

.“YI =
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Transmitter Reference Board
STWBC-EP 15W MP-A15 EVALSTWBC-EP

LED, SWIM and USB/UART debug conneclors

Voltage, current and phase demodulation circuits

STWBC-EP

Quick charge circuit

Power supply connection and input fillering

LDOD

Sepic: coil and power (rcuit

Half bridge: gate driver, bridge mosfels, fank capacitor and coil

2-Layer PCB and single-side placement

e B S

EVALSTWBC-EP evaluation board functional blocks

4 s

._‘-M @:’: iy o

-.;':1 gu;gﬂ:n i.:,; |

m StandBy

* 17mW consumption
* Ping active
» FOD active




3-coil 15W EPP Transmitter Configuration
Fixed Frequency STWBC-MC MP-A15

Symbal
Detectior

A

arob

- Qi 1.2.4 EPP (Extended

Power Profile) up to 15W
T A 2V 1o 28% and BPP up to 5W

A A

« 127.7 KHz fixed frequency

L

#|LDO 4.5V

- Fast Charge support

Gate DriverJ =

" ¢
Voltage LC adapter LC adapter
Supervisor e — and switch and switch

C-_D 5 to 20V Detection -

Y

T - Wide supply voltage range,
{and switchB 5 to 2OV

- USB-C/PD with support for
legacy 5V USB

1y

g
2
g
>
-
>

—-w\
Coil select 0
Coil select 1
Coil select 2

GPIO
20 Expander

.‘KYI
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3- coll Transmitter R

eference Board

STWBC-MC 15W MP-A15 STEVAL-1SB04/V1

2-Layer PCB and single-side placement

life.augmented

1. Test point for debugging only (may be removed)
2. LED, SWIM and USB/UART debug connectors
3. Sensing detection circuits

4. Coil selection and detection

5. STWBC-MC

6. USB PD/QC [O charger

7. Voltage/current demodulation circuits

8. Half bridge driver and LC Tank circuit

9. Jack power supply connections and input filtering
10. Sepic circuit

11.LD0O

ﬁEDD:"CCCD NONONCSCO)
NODORAANANRE s

STEVAL I8804W1 I1

[

m Standby

* 17mW consumption
 Ping active
« FOD active




STWBC-EP 5W or 15W Use Cases

5W RX
(BPP)

OR*

\
15W RX
(EPP)

STWBC-EP The STWBC-EP

requests 12V to | advertizes itselfas | Bth SWand 15W

5W Max

the USB charger BPP (5W) to the S
RX

but it only gets 5V

STWBC-EP supplied at 5V
Lyy
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SW RX

STWBC-EP The STWBC-EP Each RX will get
requests 12V io advertizes itself its requested
the USB charger as EPP (15W) to power, either SW

and it gets it the RX or 15W

STWBC-EP supplied at 12V

* Only one RX can be paired to a single TX, as per current Qi spec



Wireless Battery Charger TX — up to 5W

TX for Wearable (2.5W)
 IC: STWBC-WA

* 20 mm Coil

« 2.5W delivery at RX side

« Scalable to 1W with 15mm coil
* 5V Supply

* Only 1.6mW stand-by power

» 70% typical efficiency with 2.5W RX P,

+ Compatible with STEVAL-ISB043V1 RX
» GUI for evaluation and testing

et

<l i Kotk
Fad \ iy
M=sange rate OpaFOD. FOD margin (WA
(mui:iliﬁ(m ewmm (N/A on this plation)
uallly) an Uity plationm)

STWBC - STEVAL-1SB027V1

&5 STWBC Qi 3.48 - HW:6, FW:5.24000  — X

R — Certified Wireless Charger (5W)
= ! . e + IC: STWBC
v Qi A11 design, 1.1.2 Cettified (1.2 BPP Ready)
i :“Z“”'M - ™ « Foreign Object Detection (FOD)
e [P € i * Active presence detection
Qveson [fz 5V SUppIy
Chaige status: [Not avalable

weo [  Turn Key or
API customization

+ Stand-by efficiency:

"l lite.augmented * 3mW COnsUmpt'on
‘ ’I STWEC - Wireless Battery Charger . FOD active in Standby
+ GUI for evaluation and testing Available
life.augmented




Wireless Battery Charger TX — up to 15W

Lys
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STWBC-EP - STEVAL-ISB044V1

Certified Wireless Charger (15W)

» IC: STWBC-EP

* MP-A10 Design, Qi 1.2.3 Certified
* BPP and EPP (5W/15W)

» Foreign Object Detection (FOD)

» 5-13V input voltage range
 Half-Bridge topology

* Voltage/Frequency Control

* GUI for evaluation and testing Available

STWBC-EP — EVALSTWBC-EP

Certified Wireless Charger (15W)

« IC: STWBC-EP
* MP-A15 Design, Qi 1.2.4 Certified
« BPP and EPP (5W/15W)

 Fast Charge Support

+ Foreign Object Detection (FOD)

+ 5-20V input voltage range with QC
+ Half-Bridge topology

« 127.7kHz Fixed Frequency

» GUI for evaluation and testing Available

STWBC-MC - STEVAL-ISB047V1

Certified Wireless Charger (1 5W)
« IC: STWBC-MC i

« 3-coil for improved positioning -~ s o
freedom 4 7 5 —
» Automatic selection of best ~ 4
coupling coll , /
* Qi 1.2.4 Certified

« BPP and EPP (5W/15W) w
+ Fast Charge Support

« Foreign Object Detection (FOD)

* 5-20V Vin with USB-C/PD

+ Half-Bridge topology

« 127.7kHz Fixed Frequency

» GUI for evaluation and testing Available




STWLC

Qi Wireless Battery Charger Receiver



Qi Receiver Typical Configurations

C: JS }g Linear
« Cgsets the reference100kHz resonant " Regulator
point ) = Ca C
 C.mor R,y is used to modulate the load : T _=|__§_]'" T
current to communicate with the = G
Transmitter g
- The Full-Bridge rectifier circuit is =
usually a Synchronous Rectification
stage to maximize efficiency T - 2 —
- The Linear Regulator operates at low | Converter
drop to minimize losses and thus power . c i
dissipation Ls T -
T 7T
T

Lys
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augmente Source: WPC Qi specifications, Version 1.2.3



Qi RX to TX Communication

(" )
Qi transmitter Qi Receiver o et _
Half bridge cock LTI LT LI
Inve .
I'" Evﬁr—te"r"ll <DIGITAL COMM. | Serial Data | one | zero | onE | zERo | onE | onE | zero | zERo |
' U POWER .
Input i \l L % ico |kt
o R D T | 110 0 O ) O 0
1 S
" N |
| L | |4 3™ Datarate [ 2kbps |
R B Sorial Bit Encoding Differential bi-phase (*)
data (*) 1 transition per clock cycle = Zero
" - = 2|s 215 2 transitions per clock cycle = One
L
\_ l J
-
Switching on/off a resistor or capacitor (or both) on the secondary side causes a variation in the primary current (o )-
The igo,. is AM modulated (ASK) by those variations, making possible to extract the serial data coming from the Receiver.
\

Lys
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eceiver Coil Examples

Figure 224, Secondary Coil of Power Receiver example 1 Figure 231. Sacondary Coil of Power Receiver example 3
Figure 228, Secondary Coil of Power Receiver example 2

Tabfe 155. Secondary Coil parameters of Power Receiver example 1

Paramerer Symiiol Value
Outer length 2 44252088 o Table 156, Parameters of the Secandary Coil of Power Receiver example 2 Table 157. Secondary Coil paremeters of Power Recefver example 3
inner length dy 28.75%"% mm Parametar Symbal Valug Parameter Symbol Value
Outer width [ 30252 mm Cuter diameter d, 324 mm Outer diameter ds 47+ mm
Inner wideh dy, 14752025 mm Innier diameter dy 2174 mm Inmer diameter d 24,2520 mm
Thickness dy 0.6 mm Thickniess d. 0.9 mm Thickness d. 09200 mm
Number of turna per layer N 14 Number of tumms per layer N 9 Humber of turns per layer N 12
Number of layers - 1 Number of layers = 2 Number of layers = 1
Figure 234, Secondary Coil of Power Receiver examgple 4 Figure 237. Secondary Coil of Power Receiver example 5
Table 158. Secondary Coil parameters of Power Receiver example 4 Table 159, Secondary Coil parameters of Power Receiver example 5

Parameter Symbaol Value Parameter Symbaol Value

Cuter diameter d, 47.04° mm Outer diameter d, 400292 mm

Inner diameter A 28,050 mm Inner diameter d; 22,0895 mm

Thickness de 1.85"% mm Thickness d. 0.29% mm

,’ Number of turns per laver N 10 Number of turns per layer N 15
MNumber of layers & 2 Number of layers = 1

:.augmented
Source: WPC Qi specifications, Version 1.2.3



STWLCxx Simplified Application Diagram

S

RX COIL

+5V from Wall Adapter
(optional)




Up to 20W Wireless Battery Charger RX

STWLC6S

Qi Certified Wireless Receiver with
Transmit capability

Up to 20W RX output power, with support for 5W BPP and 15W EPP modes
Qi 1.2.4 certified (upgradable by OTP patch if needed)

Up to 5W output power in Transmit Mode, coil dependent
LDO output 5V-20V programmable in 25mV steps

True 10 bit ADC

12C 400kbit/s and SPI 8Mbps for NFC

7 GPIO

40kB ROM, 8kB RAM

OVP, OTP,0OCP Protections

High efficiency, 50-300kHz built-in Synchronous Rectifier
Qi In-Band FSK/ASK or Out-Of-Band NFC communication

32bit 64Mhz Cortex MO+ embedded MCU

lite.augmented



Wireless Charging
ST Strengths

+ Member of WPC and AirFuel Alliance

- System knowledge of both TX and RX sides

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

« TX and RX Silicon BOM fully covered by ST

.........................................................

Transmitter :

/ST,
% S(‘;\llzvl\?%gx Battery 7]
_ Management |:

.............................................................................................................................................
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Thank You!
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