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Introduction ;
WPC organization

2008 2012 2016 2020 2021

The Wireless Power Consortium (WPC) consists of a group of companies
that voluntarily explores the possibilities of global standardization
of wireless power technology

E.G.O., ST Micro Electronics, Midea, BSH, Philips, Group SEB (WMF), SEF, Electrolux,....
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Introduction ;
Ki Cordless kitchen proposition

Ki power transmitter Ki Cordless kitchen Appliance
Uinv Lp Ls Uload
Inverter I ;enSI; - E—,‘ e:l; Load
Tx coil Rx coil

V1: Cooktop case V2: Concealed case
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Introduction
Ki specifications & boundaries

Ki power transmitter Ki Cordless kitchen Appliance

Uinv

Ls Uload

Lp
Res.
Inverter Res. - ¥ Load
tank tan

Tx coil Rx coil

The Ki Standard should enable to power appliances:
* from0 Wto2.2kW
e Atafrequency of 20 — 74 kHz

e At a maximum Coil — 2 — Coil distance of:
. 1.5 cm for the hob case
. 3.2 cm for the hidden case

 with an appliance footprint of 8 cm to 24 cm
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Introduction
Example re-worked kitchen appliance

A\Ls

HR7778 800 Watt
Food processor 220 - 240V AC / 50Hz
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Ki Power chain in more detail
From ACto DC -> DCto AC

Ki power transmitter

Umains Urect Uinv

Rect. Inverter Res.
tank

Tx coil Rx coil

Duty cycle / Frequency / Burst

Uload

Res.
tank

- Tx control unit | I

ZeroX

mm———————— e —————

NFC antennas
13.56MHz

Rx control unit

Ki Cordless kitchen Appliance

Load

«-

Set point

Uni-directional power channel
Bi-directional communication channel
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Ki Power chain in more detail
From ACto DC->DCto AC->ACto DC

Ki power transmitter Ki Cordless kitchen Appliance
Umains Urect Uinv
Lp Ls ;
|
! I
I
B Rect. Inverter Res. - Res. I Rect.
! Fank tank !
! |
P I, U , , A
i Tx coil Rx coil !
|
I i !
! I
|
I
|
I
| ZeroX -
I <= Set point

l l Rx control unit

NFC antennas

13.56MMHz

Uni-directional power channel
Bi-directional communication channel
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Ki Power chain in more detail
Transmitter & Receiver voltage & current wave forms

Power carrier (20 — 75 kHz) NFC carrier (13.56 MHz)

Comm. Slot
350V | 3 ; 1 ;
Urect _ TN _— | | TN
ov NN
NFC carrier  |[II1NK 11111111111 | | 111
Duty cycle
: oo 0T NN g L o
s A ANRNANRNAARRAN A a2 fA A AnAR h A A a
I Tx oV AAANAANADAKNRANAA AAANAANAQKANRAAAAN
B CVVVYY RTAVATA'AY "'UUUU}J\'JU}JUUUPV
A A A AAAA AN ‘ AAAN A
Uload ov vn v g Wn v g
V \'l \Vl \U_U V \'I ‘VU’ \\M!U
Oms 2ms 4dms ems 8ms 10ms 12ms 14ms 16ms 18ms 20ms

* Inverter output voltage Uac_HF is shaped according the rectified mains voltage
 Communication time-slot repeats typically 20 ms (every other zero crossing)

PHILIPS
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Ki Power chain in more detail

Receiver power coil & NFC antenna (example from Wurth)

‘388
- NFCantennaslot

NFC antenna

i

\

e

///////W//
W

\

L

Lo e
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Ki Power chain in more detalil
Transmitter power coil & NFC antenna (example from SEF)

With NFC antenna
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Ki Power chain in more detail <

Z - distance vs. alignment vs. footprint

‘ . vsssssssnssssnssossoo SRR s coessnssssnsiss s
Glas I
maesseeessasen ——— [ —
Cooktop case Concealed case
Z - distance: 15mm max Z — distance: 32 mm max
K-factor range: ~ 0.50-0.71 K- factor range: ~ 0.25-0.45

K-factor determined by:

e Z-distance

* Misalighment of the appliance
e Diameter of the Tx coil

* Footprint of the appliance

The Ki cordless appliance should be designed to operate on both platforms !
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Ki Power chain in more detail <

Z - distance vs. alignment vs. footprint

Misalingment
—
Footprint :

Glas I

Cooktop case Concealed case
Z — distance: 15mm max Z — distance: 32 mm max
K- factor range: 0.50-0.71 K- factor range: 0.25-0.45

K-factor determined by:

e Z-distance

* Misalighment of the appliance
e Diameter of the Tx coil

* Footprint of the appliance

The Ki cordless appliance should be designed to operate on both platforms !

PHILIPS
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Ki Power chain in more detail
Z - distance vs. alignment vs. footprint
Misalingment
>
Glas I
asesssseesssssssensses esseessssesssessesnns [Fessses——— R
Cooktop case Concealed case

Z - distance: 15mm max Z — distance: 32 mm max
K-factor range: ~ 0.50-0.71 K- factor range: ~ 0.25-0.45

K-factor determined by:

e Z-distance

* Misalighment of the appliance
e Diameter of the Tx coil

* Footprint of the appliance

The Ki cordless appliance should be designed to operate on both platforms !

PHILIPS
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Ki Power chain in more detail (;

Transmitter implementation — Half bridge

UDC Bus
D1 | D2
ANEEVAN J: M1 C1 |0.5%Cp
Umains 7 Cdv/dt
Mains . Lp Series resonant
_filter
(f: Filter — Uleg + 00" —U_center
P_Tx
—M2 | C2 0.5*%Cp
D3 | D4 JKF T T
VANRRVAN ] Cdv/dt

<~

Topology of choice was driven by Induction Hob industry
* Price vs. Complexity
* Near zero power transfer difficult but possible (Duty cycle, Frequency and Burst control)

But if you can do it with a Half bridge, you can also do it with a full bridge !!
e 110V area’s -> Full bridge
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Upcpys (dotted black) and U

Ki Power chain in more detail
(solid red) for induction hobs

lJDC Bus

Leg

Ve

U
-9 = 20— 74 kHz

F

360V

Operation

330V

Duty Cycle =0.2 - 0.5

300V

270V

240V

.
By
.

210V

180V

150V

120V

...
B
..l..

90V

N
\‘&.

60V

30V /;

ov
Oms
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|
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Ki Power chain in more detail (;

Receiver implementations

Cs
P_Rx % e m Rload * For simple appliances like water kettles,
heating elements etc.
D1 | D2
Cs VANERVAN . '
! * For appliances with:

I -
Cfilt Rload
P_Rx %Ls I * motors

7 * both motors & heating element

D3 | D4
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Inverter control loop

Umains

(50/60 Hz, 230V -10%, 240 +10%)

Power Control for general induction hobs (;

Single power control loop

Power Interface

18
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Rectifier
Duty cycle LC
Frequency *| Inverter " Tank
On/Off mode
P
. Inv _/U'l dt «—U Inv (t)
[ <« |_Inv (t)

Inverter
Control
Tserrie < 1000ms Peon
ertle User Interface

CLL Resonant Power Converter

R pan sole

T
et i
s
0 Q

s—mm———-=- X
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Power Control for Ki cordless kitchen system

Inverter control loop

Umains

(50/60 Hz, 230V -10%, 240 +10%)

Power Interface

19

May 28, 2026

Rectifier
Duty cycle LC
Frequency *| Inverter " Tank
Burst mode 1
Pinv _/U'l dt «—U Inv (t)
[ <« |_Inv (t)
Inverter
Control
N
Toorie S 60Ms Pcon g
C
T

Com

Inner power control loop + outer appliance control loop

Appliance control loop

CLLC Resonant Power Converter

K
: PLoad
| LC URX
| |Tank * Load
1 2 \ 4
I
: AVG/ =  Motor voltage
: RMS =  Motor speed/torque
I =  Heating element
: | = Combined appliance
| = Etc.
| Tsampie = 10ms | ZOH
I
I
I _ lJRx_Meas
1 \ 4
! N Pcon UError +
: F < Appl lJRx_set
I C Cont.
I
=20ms Tgerrie = 300ms



Power Control for Ki cordless kitchen system ;
For Pout > 50 W -> Duty Cycle & Frequency control

F =20- 74 kHz

Operation

Com

Duty Cycle =0.2 - 0.5

.
.
.

;I

L

Thalf
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Power Control for Ki cordless kitchen system (;
For Pout < 50 W -> Burst Control @ fixed Frequency & Duty Cycle

F = 60 kHz

Operation

TOn TOff

Duty Cycle = 0.2

Trailing edge

Thalf
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AC analysis (;
CLLC — network: Series CL in — Series LC out

Y i|_

— ] k [
| 1
Cp m Cs
L, L,
Uinv /\/ ULoad RLoad
Fres, = 26.7 kHz Fress = 30 kHz

f op Rp R, J,

2 &
Load Circuit
Power
PTx Transfer PRx
Interface
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Uac
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AC analysis ;
First harmonic approximation (FHA)

" First Harmonic Approximation (FHA)
2 is a modelling technique used to

0.9 ] analyze & design resonant power

06 1 converters.

03 T

oo The assumption is that only the first
SR SR U OO WIS SO SOOI USRS SRS SO A VO SRS S harmonic of the square wave

| contributes to the power transfer
PR U SR S U ¥ SO SO S NS SRR SN 0 ¢ SOOI o
-0.9 1
-1.2 ] .

Uac,(t) = sinn wt
1.5 . n( ) n-mm
t —>
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AC analysis <;
Bode plots General Induction hob vs. Ki cooktop case (CLL vs. CLLC)

4KW 4KW

K=0.7 K=0.7
/\ Lp = 56 uH N Lp = 56 uH
3KW / \ Ls =280 uH 3KW Ls = 280 uH
PLoad 2KW Cs=oo Sns i .];0011
/ \ Rload = 24 Q 2KW / \ —~

1KW / \ 1KW / N~ N

48A 90° 48A T 90°

40A T // \\ 60° 40A /\ 60°
32A Y 30° *

D

B
v~
[

IP / \ 32A / \ 30°
24A 4 N 0° 24A // \ T _— 0°
16A e / \ Al 16A RN g \\\ >

.......... \ / —’/ ~~.,.....
R e e e R -60° 8A ZT— -60°
-90° 90°
15kHz 20kHz 25kHz 30kHz 35kHz 45kHz 55kHz 65kHz 75kHz 15kHz 20kHz 25kHz 30kHz 35kHz 45kHz 55kHz 65kHz 75kHz
General Induction Hob (CLL) Ki cooktop system (CLLC)
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AC analysis ;

Bode plots Ki cooktop case vs. concealed case (K =0.7 vs. K= 0.34)

360V - - - 360V
! ! ' Lp=56uH / Lp = 56 uH
1 1 1
300V ! . v Ls=-280 uH 300V Ls =280 uH
A\ ! | Cs=100n / \ Cs = 100n
240V ! ! ! 240V N
U,.., / \ ! |_Rload =240 / Rload = 24 Q
oa ! \ ' 7 ~
180V ! - ! 180V
[ S N /
120v / \Frequency 1 No | Frequency 120v \
1 1 1
' Operating ' ZVS 1 Operating N~
60V ! ! area ! i 60V / ~—__
. Areal | i Area 2 / ~——
1 1 1
T2A ] ] ] 90° T2A Fr 90°
T 1 | < > < > / \
60A I I I 60° 60A / \ 60°
1 1 1
R | 1 1 "‘
IP 48A ‘: i i 30° 48A / 3 \ 30°
1 1 .
3 | PP LT TTON 1 -“
N et IERAAAN °°
1 '. 1 1 '*..... . "\‘
24A // : \ : : 30 o4A Y o -30°
1 1 N &R T,
— | T S T \
12A 11— i \\ i //: \\ 60° 12A // ....... \\ -60°
1 e — F e T e e \~
O T T T e O 90°
15kHz 20kHz  25kHz 30kHz 35kHz  45kHz S50kHz 65kHz 75kHz 15kHz 20kHz  25kHz 30kHz 35kHz  45kHz 55kHz 65kHz 75kHz
Ki cooktop case (K=0.7) Ki concealed case (K= 0.34)
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Power step response Ki cooktop case for K= 0.7

B Pconirol ® Pinmeasured
2004 -
2200 W
I:)INV
1000 -
200 W 200 W
o 4
0 0.2 0.4 0.6 0.8 0 1.2 1.4 1.8 1.8 23 25
MW Dutycycle
0.5 4 T ——T——
0.4
Duty Cycle
0.2 4
oz
Q 0.2 0.4 0.6 0.8 0 1.2 1.4 1.8 1.8 23 25
MW Frequency
5.0e=4 4
Frequency
4.0e+4
2.0e+4 T T T T T T T T
Q 0.2 0.4 0.6 0.8 0 1.2 1.4 1.6 1.8 2.2 2.4 25
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Conclusion (;

* In this presentation the proposition and basic operation principle
of the Ki cordless kitchen system was discussed

 However, this presentation did not cover:
* NFC system:

« Communication protocol
* Power harvesting

e Control dynamics

* Foreign Object Detection (FOD)

* Global Safety, Radio & EMC regulations
* Ki Test tools & Compliance program

* Licensing programs

 Reference designs
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Supporting slides
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Ki Devellopment tools

Development Receiver Development Transmitter

a

Reference Receiver
(RRD1 - RRDS)

PTx DUT (device under test)

i —

Debug terminal

not required for standalone operation

Controlled Load
Development PTx

resill'on & defion/
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PTx coil parameters for half bridge inverters <

Power Coil-2-coil diameter
[kw] [mm] [kHz] [cm] [kH]
12 18 56

Cooktop case 2.20 26.8
Concealed case 2.20 32 30.0 21 60

31 May 28, 2026 PHILIPS



Ki Reference Receiver Designs (RRD’s) (

Fres = 30 kHz
3 4
2200W L. o o--0 RRD P_Rx 1)) Ls Uload | Rload
# (W) (cm) (uH) (V) | (Ohm)
1 200 8 390 115 66
2 1350 12 450 230 39
2 8 6 3 2200 15 280 230 24
asow b - - -0 -0
P_Rx 4 2200 18 220 230 24
5
6 1350 18 220 230 39
7 200 18 220 115 66
1 7 8 1350 15 280 230 39
200W I ._ ............. .
5cm 10cm 15cm 20cm 25cm

Rx coil diameter
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Ki Power chain in more detalil
Transmitter implementation — Full bridge

D1 | D2
J'— M1 C1 3| M3
= pr— =
Umains . Cdv/dt Cdv/dt
Mains Lp Series resonant
Filter U_left — 00 —U_right
P_Tx
— M2| ¢c2 C4| M4
D3 | D4 J'Q T ]
— Cdv/dt Cdv/dt

~
Topology of choice for the engineers
* Complexity vs. Flexibility
Both near zero power transfer and high-power transfer possible

But...

Price!
Not in scope for “230V” region's

PHILIPS
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Ki Power chain in more detail (

Transmitter implementation — Single switch

D1 | D2
Lp = P_Tx

Umains

Mains “Parallel” resonant
| Cfilter
Filter

}7
Cp
D3 | D4 JKF M1 =
}7

~

Topology of choice for the managers ®
* Price vs. Complexity

But
* Optimized to provide high power, but in a small control window
* Near zero power transfer still a challenge, not proven yet
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Power Control for Ki cordless kitchen system (;
For Pout < 50 W -> Burst & Duty Cycle Control @ fixed frequency

— 3 %
Bpwm_ BDirect_Burst_ControI X + BPower_Mode_ControI (1_X)
_ 0 * * _
""""""""""""""""""""" H Dpwm_ 20/’ X + DPower_Mode_ControI (1 X)
1
1
1 — * * _
Direct Burst | B iSce.Il-:::-t =X prm - 60kHz X + I:Power_Mode_ControI (1 X)
»  Control i
F=60kHz D=20% - i
~d !
Pcon Tserrie S 10ms w,B
PDirect Burst_Control P
Power Mode | 1L .- - - Pgwir__l\_/loﬂe7Control
Control D, F ~ . ”
s
X P et 1-X
Toettie < 50ms X . ~
” ~
-
Pcon >
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AC analysis

CLL — network: Series LC in — L out

O —t

May 28, 2026

—
k 2 &
Lp Ls ULoad RLoad
R, l
2 &
Load Circuit
Power
Transfer PRx
Interface
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AC analysis
CLL versus CLLC — network: Efficiency

100

— [ e
= =
—-— -
R
=
—
-—
—

-
-
-

. e T —— - —— - - -

-

CLLC

80 ---

case
= 2.4 kWatt

@ Pload

case

40
20

A
1
1
1
1
1
1
1
Efficiency

1.0

0.6

0.4

0.2

0.0

PHILIPS
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