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Wireless Power Consortium(WPC)
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World market for wireless power and charging (millions of units)
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2017: 500 million wireless power products

» 400 million mobile phones
» 100 million wireless phone chargers
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Wireless Power Consortium(WPC)
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Power Classes

\
® Power Class O
- This is the legacy technology, used to load the battery of devices such as
mobile phones, tablets, and small accessories y
® Power Class 1 A
- This is a still new, but very active area of research for the WPC.
- This one will allow to transfer up to 200W, and will therefore potentially be used
S with laptops, personal care devices, power tools, and drones. )
g N

® Power Class 2

- This is a still new, but very active area of research for the WPC.

- The emerging kitchen wireless power standard builds on the success of Qi wireless
charging for mobile devices. It delivers up to 2,200 watts of power wirelessly,
enabling a variety of smarter, cord-free cooking devices and scenarios,

\_ from cordless blenders and mixers to more versatile cooktops and rice cookers. )
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Power Classes - Loadmap

2010 q' 5 W (BPP) 2015 5 W (BPP) 2018 Sesp)
Low oW 5w S WHERP)
2008 — Power = . — .
5..15W ,,’ 5.7W
: v1.0 ep) V12,4 e (EPP)
5 W ,
!
/!
!
I
Medium |
2010 — ) - )
Power // mobile/computing
t
— ? ,/ ecosystem
,I
. 4
Medium -7
2016 — = - ;
Power simple battery charging
60..120 W
2013 —— Kitchen
2.4 kW
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Power Classes — PCO(5W~15W)

« Mobile Phones

» Wireless Chargers
 Tablets

« Small Accessories

* BPP(Baseline Power Profile): up to 5W
* EPP(Extended Power Profile): up to 15W with FOD function

PRx coil




Power Classes — PC1(30W~200W)

« Power Tools

» Garden Tools

« Home Appliances

» Medical Applications
» Laptops

 Tablets

« eBikes

- Power Tools - - Garden Tools - - eBikes -
Power 65 W Power 60 W Power 180 W
Voltage 10.8 & 18 V Voltage 18V Voltage 36 V
Current 3A Current 22 .23A Current 2/4A
Battery Capacity 2 ..4 Ah Battery Capacity 12.5 Ah Battery Capacity 13 Ah

* £X : INTRODUCING NEXT WPC POWER LEVEL by Bosch

%
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Power Classes — PC2(300W~2400W)

Haier @ Philips Electronics
wicless

« Small Kitchen Appliances

* Built-in Kitchen Appliances
(stoves and induction cooktops)

« Cookware

» Kitchen Counters

» Dining Room Furniture




WPC(Qi) =H|#4 215 24}

« Compatibility
o Create an open ecosystem
o Protect consumer and industry investments

 High Efficiency
> Promote responsible use of energy
o Minimize heating of products

* Intuitively Safe
o Prevent interference with IMD?*, car electronics,
and other products
o Make FCC approval easy

* IMD = Implanted Medical Device, a pace maker for example.

e d5H LIS 0
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WPC(Qi) =H|#4 215 24}

« Current version of the Qi specification
v' The current version of the Qi specification has version number 1.2.4.
v' The Qi specification that is available for public download has version 1.2.3.
v' Version 1.2.4 is available only to members of the Wireless Power Consortium.

 History of the Qi specification
v" Version 1.0
= Qi transmitter delivers 5 Watt power into a Qi phone.
= High flexibility in design of Qi receivers
=  Limited flexibility in the design of Qi transmitters

v' Version 1.1
» Increased design freedom for transmitters.
» Increased sensitivity of "Foreign Object Detection”.
= The possibility to power a Qi transmitter with a USB charger.

v" Version 1.2
= Fast charging.
The possibility for Tx/Rx up to 15 Watt power.
An improved thermal test for transmitters
Improved timing requirements
Changed limits for Foreign Object Detection improve the sensitivity.

< e: JSH AL »
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WPC(Qi) =XM1t 4 AT BA}

Step 1 & 2: administration

Step 3: Test by an Authorized Test Lab
o Using the test procedures described in Part 3 of the Qi Specification.

Manufacturer / Authorized Interoperability Logo License
ope L Li Test Lab Test Lab Administrat
- Step 4: Test by an Interoperability Test Lab i s a e
Step 1:
o Verifies that the new product is compatible ST’I‘RT
with all previously certified products. e
. . . . Verify Data
o By Eurofins in Belgium or by TTA in Korea I
¥
Step 3:
. . Test Procedure
« Step 5 & 6: administration i
v
Step 4:
Interop Test
]
¥
Step 5:
Finalize Description
l
¥
Step 6:

Final Approval

a g Ler e e 12
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WPC(Qi) =XM1t 4 AT BA}

% Special Case: Similar Products

« Testing is not necessary when the new product is identical with a previously certified product, for example
o Other color

Manufacturer / Authorized Interoperability Logo License
Logo Licensee Test Lab Test Lab Administrator
o Other brand =
START
!
- Simplified registration procedure X
ep 2
o Administration only Lo i

’
. Qi Certified Luminaire Luminaire with different color
Qi-ID 1822 Qi-ID 903

Tt LEME
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WPC(Qi) =H|#4 215 24}

“» When are products not similar?

« Any change of magnetic properties:
o Different coil
o Different shielding

o Change in colil-surface distance Shielding

o Change in 'friendly metals’ Rx Coll /
Rx Surface \

\ N I I | V...

TX Surface //l I T IR

Tx Coil

Distance

Shielding

« Change in F/W that influences control protocol and communication between Rx and Tx.

< e: JSH AL
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WPC(Qi) =XM1t 4 AT BA}

* Process of Certification

@ Compliance Test l @ Interoperability Test l 6 Qi Logo License I

Authorized Test Lab
(ATL) Interoperability Testing Logo License
)) Center )) Administrator
« BPP(5W) test (100) (LLA)
 EPP(15W) test
N\ J \_ J - J

¢ (N)ZEE| I enta FHHHHST|SME
( )o=1'

"17/09 "17/11 '18/04 '18/10 18/10
ATL Z=S32H 492 Extend Power Market ATL Z52 3 Baseline Power
QIZ AAL Profile(5~15W) Surveillance Lab QIF AAL Profile(5W)
(Tx, Rx) ATL X|’d x|d (Tx, Rx) ATL X|H
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Results
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#14

No BPP EPP
1 Magnet presence check

2 #1

3

4

5 #2 (0} 0}
6 | #3(a) o) o}
7 | #3(b) o) o}
8 | #3(c) o} 0
9 #3(d) 0] 0
10 #a (0] (0]
11 #5 (0] (0]
12 #5(a) (0] (0]
13 #6 (0] 0]
14 | #6(a) (0] 0]
15 #7(a) (0] (0]
16 | #7(b) (0] (0]
17 | #7(c) 0] ]
18 | #8(a) 0] ]
19 | #8(b) 0] 0]
20 | #8(c) (] o
21 | #8(d) (0] o
22 #9 0] o
23 #11 0] o
24 #13 (0] (0]
25 | #13(a) o} o}
26 | #13(b) o} o}
27 | #13(c) o} o}

(0} 0}

Results

#21

#16 0 0

43 | #16(a) 0 0
44 | #16(b) 0 0
45 | #17(a) 0 0
46 | #17(b) 0 0
47 | #18 0 0
48 | #20(a) 0 0
49 | #20(b) 0 0
0 0

#23(a) 0 o}
58 | #23(b) 0 o}
59 | #23(c) 0 o}
60 | #23(d) 0 o}
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#23(e)

#23(f)

#25(a) - Partl

#25(a) - Part2

#25(a) - Part3

#25(b) - Partl

#25(b) - Part2

#25(b) - Part3

#25(c) - Partl

#25(c) - Part2

#25(c) - Part3

#25(d) - Partl

#25(d) - Part2

#25(d) - Part3
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Results
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QISAE ZAt &7

1) Magnet presence check

- Magnets appear as dark areas on the viewing film.

- The test passes if no dark areas appear within the circle
(diameter = 7.0 cm) drawn on the viewing film
when the film is positioned at each of the center markings
on the surface of the BSUT.

Figure 35. Sample test results of magnet presence check

Magnets detected Magrets detected outside Magnet detected
outside the cirdie and on the circle within the circle
Easily passing Barely passing Clearly failing

TECHNOPARK
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QASAE 2X 290

2) Ping Phase
- [Test #3(a)] Digital Ping: Power Signal characteristics (ex. A11a)

Parameter Minimum Target Maximum Result
[ 3.0V 6.0 V 90V 5.561 V
Top 145.0 KHz 146 KHz 148.0 KHz 147.6 KHz

e Edit  Appliations  Utility  Help e  Edit  Applications  Utility

Waximum
it 5637 V

a0k 4 v Auto,  Analyze
R 3125 ksks Sample; 12 bits
AL 1.25 Mpts @ 0 Acgs

AL 1.25 Mpts.

Auto,  Analyze
Sample; 12 bits
0 Acas

e d5H LIS 19
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ASAE 22X 270

3) Ping Phase
- [Test #4] Digital Ping: no Response

Parameter Maximum Result

ingtest 98.0 ms 86.997 ms

b

File  Edit  Applications  Utility  Help

99149 s At: 86.997 ms  1/At: 11.49 Hz
v: 24.355 mV Av: 2,740V Av/At: 31.49 V/s

Coil

Q
h2 Horizontal Tii Acquisition ——
2 Vrdiy 2 Vidiv ; acdil[pe 400 msidiv 4 28V Auto,  Analyze
1MQ 1MQ : SR 312.5kS/s 3.2 sl Sample: 12 bits 08 Feb 2019
350MHz | 350 MHz RL:1.25 Vipts ¥ 32 0 Acgs 5840 PM

8:58 PM
= 2/8/2019

P L EME .
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ASAE 22X 270

4) Ping Phase
- [Test #5] Digital Ping: Signal Strength (ex. A11a)

Parameter Minimum Target Maximum Result
[ 3.0V 6.0 V 90V 5.708 V
Top 145.0 KHz 146 KHz 148.0 KHz 147.9 KHz

Applications  Utility

utility  Help

1 Hi ]
a0kl ds Auto,  Analyze
SR 3125ksk 32 Sample; 12 bits

AL 1.25 Mpts 0 Acgs

s y |l 4 " . Analze
W = 3125ksh 32p Sample: 12 bits
0 MHz M § | 25 Mpts @ 0 Acgs

CE[BE y

YEONGBUK TECHNOPARK
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QASAE 2X 290

5) Identification & Configuration Phase

- [Test #9] Packet Timing

Minimum

77.0 ms t

packettiming 111.0 ms 82.291 ms

Parameter Maximum Result

Waveform View

— B X
Add New...

Cursors Note

Measure | Search
400 ms 400 ms
20.00 ms/div

t: 674.531 ms At: 82.291 ms,
v: 6.742 mV

At: 12415 Hz
Av: 2.819 V |IAVIAL: 34.26 V/s

<h1

2 Vidiv
1MQ
350MHz

2 Vrdiv 2 Vi/div
1MQ 1TMQ
350 MHz 350 MHz

Y
- - Hi al
=

Acquisi stopped
400 msfdiv as 28V Auto, Analyze
- SR:312.5kSis 3.2 psipt Sample: 12 bits 08 Feb 2019
RL: 1.25 Vipts ¥ 32.5% 1 Acds 9:11:56 PM
=t g E" 3 EI: 3
g9 0™ I
GYEONGBUK TECHNOPARK
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QASAE 2X 290

6) Power Transfer Phase

- [Test #20] power control

Volt. Min. Meas. Max. Unit Table 23. Limits for Test #20(a)
\2 6.900 6.961 7100 vV Voltage Minimum Target Maximum Unit
Vi 6.9 7.0 7.1 Vv
V> 7.200 7.311 9.000 V
v, 7.2 N.A. 9.0 Vv
Vs 7.165 7317 7.457 V /A V, — 2% V, V, + 2% AV
Vmin 6.961 6.961 - V Vmin Vl V]_ N.A. \
V, =1
Vimax 7.311 7.364 7.399 Vv Vinax £ V, Vo +— \Y
Pass

< e: JSH AL
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QIZAIB WAt 2

6) Power Transfer Phase
- [Test #20] power control

File Edit Applications Utility

Waveform View

400 ms
B
. [}
t: 548.837 ms : At: 123 ms  1/At: 8.13 Hz o 1t:671.837 ms
v: 6.526 V . Av: 784.947 mV  Av/At: 6.38 Vs 7311V

A Clipping - Ho ntal Acquisition

!

=
A00 ms/div 45 2.8V Auto,  Analyze
SR:312.5kShs 3.2 psipt Sample: 12 bits

RL: 1.25 Mpts 32.5% 1 Acgs

— B X
Add New...

Frequen
p' 131

&

Stopped

28 Jan 2019
6:36.12 PM
6:36 PM

1/28/2019

Pt LR o
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QASAE 2X 290

6) Power Transfer Phase

- [Test #20] power control

Volt. Min. Meas. Max. Unit Table 23. Limits for Test #20(a)
Vi 6.900 7058 7100 vV Voltage Minimum Target Maximum Unit
Vi 6.9 7.0 7.1 \Y
\Z 7.200 7.048 9.000 \
Vs 7.2 N.A. 9.0 \Y
Vs 6.907 7.065 7.189 Vv /A V, — 2% V, V, + 2% AV
Vmin 7058 7058 - \Y Vmin Vl V]_ N.A. \Y
V, -1
Vimax 7.048 7.145 7.046 Vv Vinax £ V, Vo +— \Y
Fail

< e: JSH AL
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QIZAIB WAt 2

6) Power Transfer Phase
- [Test #20] power control

File Edit Applications Utility Help — B X

eform View Add New...

40.00 ms/div

t: 542.720 ms . At:223ms  1/At: 4.48 Hz
v:6.671V - s Av:393.790 mV  Av/At: 1.77 V/s

izontal Acquisitio Stopped

Tri
500 mivddie | 5 Widiv y ’ 400 ms/div 4s 28V Auto, Analyze
1 MQ 1 MQ SR: 312.5kS6 3.2 psipt Sample: 12 bits 22 Jan 2019
350 MHz 350 MHz RL: 1.25 Mpts ¥ 32.5% 1 Acgs 5:36:14 P

236 PM

r—
A = - B 1/22/2019

P L EME e
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QASAE 2X 290

6) Power Transfer Phase
- [MP.TX.SYSCTRL.POWXFER.LDSTP.TC1b] power control

Table 25. Limits for test MP.TX.SYSCTRL.POWXFER.LDSTP.TC1 and .TC1b

Volt. Min. Meas. Max. Unit TPR Voltage Minimum Target Maximum Unit
TPR#1F v, 6.9 7.0 7.1
Vi 11.400 11.919 12.600 Y% (.TC1) v, - NA. 9.0 v
Va 13.000 13.111 16.000 Vv V3 V, = 2% V Vo + 2% v
Viin Vi v N.A '
V3 12.849 13.072 13.373 V
vV, -1,
Vo v, v, v+ Y
TPR#MP1B v, 11.4 12.0 12.6 v
Ve 13.111 13.335 13.409 Y (-TC1b) v, 13.0 NA. 16.0 v
Pass Vi v, v, NA. v
V, -1
Vma.'-{ Vz Vz V2 + 4 Vv
J ng =
< s d5H A 27 Q
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6) Power Transfer Phase
- [MP.TX.SYSCTRL.POWXFER.LDSTP.TC1b] power control

File Edit Applications Utility Help Tekﬂ'onix

I

Add New..

s 400 ms

!
t: -458.994 ms At: 173 ms  1/At: 5.78 Hz t:-285.994 ms
v: 6.045 V Av: 2131V Av/At: 12.32 Vs v:8.176 V

S [T

0 : . I Wil

L
I

Lt

: Q

ChS 0 Trigger Acquisition P
5 \fdi 5 iy / o) Sl 200 s 25 Auto,  Analyze

1MQ 1 MQ i 5 SR: 625 kS/s 1.6 ps/pt Sarmple: 12 bits 11 Jan 2019

350 MHz 350 WHz 350 hHz RL: 1.25 Mpts 50% 0 Acqs 9:59:48 PM

e d5H LIS 58
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7) Guaranteed Power
- Test #23(a) Guaranteed power

I} Rectified Voltage | Rectified Current — O *
10 W — V420 — In1.20 A | 150
9 1.40
: 12A |=

1.20
7 ( 110
6 1.00
090
5

42V -

4 ,
vy a0
3 0.50
2 040
0.30
! 0.20
0 010
; Pass = |
010
-2 -0.20

00:00 00:30 01:00 01:30 02:00
T4 ERE 2
GYEONGBUK
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QISAE ZAt &7

7) Guaranteed Power
- Test #23(a) Guaranteed power

0} Rectified Voltage | Rectified Current - O
15 | [V] — Vr013 — Ir0.00 [A]
14
13 140
12 °
1 F a I 120
10
1.00
9
8
0.80
7
6 060
5
4 0.40
3
2 0.20
1
0 0.00
-1
2 -0.20
-3
-0.40
00:00 00:05 00:10 00:55 01:00

EE!

TECHNOPARK
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QISAE ZAt &7

7) Guaranteed Power
- [MP.TX.PERF.POWGUARANT.15W.TC1] Guaranteed power

120
18
| 16 090 |

080 |
14 0.70
12 060 |

0.50
10

Pass ||

6 0.10
4 0.00
0.10
2 020

00:00 00:05 0010 0015 00:20 00:25 00:30 00:35 00:40 00:45 00:50 00:55 01:00

Y — Vr1191 — Ir124 [Al | 160 |
24 150 ¢
140 |
130 |

110 |
100 |

040 |

-0.30

a g Ler e e 31
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QISAE ZAt &7

7) Guaranteed Power
- [MP.TX.PERF.POWGUARANT.15W.TC1] Guaranteed power

0.80

0.60

040

0.20

0.00

-0.20

0} Rectified Voltage | Rectified Current - O
%6 vl — Vr1147 — Ir1.19 [A]
24
22
e
18
16
14 \'W
e -~ ‘e
10
&
6
4 °
2 Fail
0
2
4
00:00 00:30 01:00 01:30

a g Ler e e 3
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QISAE ZAt &7

8) Foreign Object Detection
- [Test #25(a)] Heating Prevention

FO &2l 510 S

Current load Z7t Current Ioad
50 -> 1000 mA . == &M
120 10 mAY 5d

1 AGM 1082 25

PASSJc 5 7t
> 1082 2t T EH Uit 2EHAXY 55
CEL

-> FO°'¢lo}01 ST TYSHK| 0t 2= SS3HX| §E

8

=2 KoM

50 mASE X|HE

End load2 {45510 AlE

Rz

2y E AL T -
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QASAE 2X 290

8) Foreign Object Detection
- [Test #25(a)] Heating Prevention

[l — FO Temperature : 57.0

Load current : 1000 mA

R EEERBELEE S

g8 e 88 8

Pass

00:00 05:00 10:00

Pt LR .



QASAE 2X 290

8) Foreign Object Detection
- [Test #25(a)] Heating Prevention

| 1) Temperature — O

[c

45

Load current : 520 mA

" Pass

00:00 05:00 10:00

MUX #1 I Mux#2 | I mMux#3 [ Mux#4 [ mux#s [ mMux#e [ | Mux #7 || MUX #8 MUX #Diff
.4

a g Ler e e 35
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QISAE ZAt &7

8) Foreign Object Detection
- [Test #25(a)] Heating Prevention

3B Temperature — O

[C]

85
80
75
70
65
60
55
50
45
40
35
30
25
20
15

10
00:00 00:30 01:00

MUX #1 [ Mux#2 [ | Mux#3 [ Mux#4 [ Mux#s [ Mux#e6 [ | MUx #7 [ | MUX #8 MUX #Diff
728

a g Ler e e 36
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9) Maximum Voltage

- [ptx-pow-ovp-epp]

ﬂ Rectified Woltage | Rectified Current — O =
oy | — V470 — Irn049 A 6o
22 1.40
20 Pass
18 120
16 1.00
14
12 0.80
10
0.60
8 \
[ 0.40
. "\
0.20
2
1] 0.00
-2
-0.20
4
-6 -0.40
00:00 00:30 01:00 01:30 02:00
RE"HH
2V :s §SHI L0 37
GYEONGBUK
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QISAE ZAt &7

9) Maximum Voltage
- [ptx-pow-ovp-epp]

21 | M — Vr:20012 — Ir:0.028 [A]

19
18
17
16
15
14
13
12
11
10

= @ o~ e W

Fai

1.30

1.20

1.10

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

-0.10

EE!

TECHNOPARK

ng =
%H;‘!E’i
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QISAE ZAt &7

10) Thermal Performance
- [PTX-POW-TEMP-EPP]

1§ Temperature

01

65

60

55

50

" Pass
40

35

30

e —.—/____,____

20

15

10

5

0

5
-10
-15

00-:00 10:00 20:00 30:00 40-:00 50:00 00:00
MUX 21 MUX 22 [ | MUX 23 [ mMux 24 [ Mux#s5 [ MUx 26 [ | MUX #7 [ ] MUX 28 MUX #Diff
21.5 299 2.3
e d5H LIS 39
GYEONGBUK
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(M) ZSEH A Da SHHYHST| S ME

« ME{AR R2: iX]: 15008, HHH: 5778 (HTS: 458, X ES: 119%)

= @FE TX 23 712 (15: Qi ASAMEY, 7|S7E Y, 25: A8, 2|Qd, 2LEH)
« HEE FZ0fE FHET AHAM105mx 19.5m x 8 m), HEEH, HH[A

= ME 29 :20184E 53 1Y

s §5H LIS 41
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Wireless Power Transfer Technology Center
Hyoungjun Kim
053-819-8161, jjunikim@gbtp.or.kr
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