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(57) Abstract: According to an embodiment of the
present invention, a wireless power transmitter for a
vehicle, which transmits power to a wireless power re-

/ i N ceiver, comprises: a coil assembly including first and
second bottom coils disposed serially adjacent to each
other and having 11 turns and a single-layer structure,
and a top coil stacked on the first and second bottom

N \ ions / coils and having 12 turns and a single-layer structure;

N ! and a full-bridge inverter for independently driving

Bottom 77— ™ — Bottom each coil included in the coil assembly, wherein the

Coil 1 || H i | Coil 2 first and second bottom coils and the top coil are

<7—>l i formed in substantially quadrangular-shaped frame

bt 1 structures having a through-hole formed in the centers

D dho o thereof, from a planar view, the top coil is disposed at

the center of the first and second bottom coils, and the

Parameter Symbol Value distance from the centers of the first and second bot-

Top coi| is placed alongside from a bottom g 3o tom 001%5 to the center of the top coil may be set to a
coil with a displacement bt = zmm range of 23mm to 25mm.

Bottom coils are placed alongside each 4y  46=4mm (G7) LA 2 L] d HAAjoe] m2d, P4

other with a displacement A a2 ADe AL AErs DA A

Self Inductance[@1V, 100kHz] L 11320 74 | $21716] AoiA, dd= Axste] w51, 11

of Primary Coil , Aol W S P v 7RE 2bE A 19 A 201
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B2Hr 2719 | 5 9 ) BF PRE g

g 208 TPstE 29 oA Be; 3 4] 39
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A 7] F 2 FA BEEC AR YAA) A2G mope] meg PrE d4HM, 47 B A P

141 247 A1 E Al 2ute 2de] Al A5, 37 A1 B A28 29 FHORRE AV G 24 T4

#9] A2l 23mm WA 25mm WA 2 AAE & A
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AU F F22 HAAE e, TF 1279 8 N E 7HE o o
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Lomm= A7 4= Jlvh. &, x| A = FZHMn)-oFd(Zn) Fl ol ER A =
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[92]  [3E1]
Parameter Symbo Value Unit
Proportional gain Krp 10 mA~
Integral gain Kr i 1 mA™ ms™
Derivative gain Krd 0 mA™' ms
Integral term upper |imit Mriu 3000 N A
Integral term lower [imit Mril -3000 N. A
PID output upper limit Mrupid 20000 N. A.
PID output upper limit Mripid | -20000 N. A.
PID Scaling Factor Krpid 100 N. A
(93]  [3E2]
Parameter Symbol Value Unit
Proportional gain Kdp 30 mA-!
Integral gain Kdi 1 mA™ ms”
Derivative gain Kdd 0 mA™ ms
Integral term upper limit Mdiu 3000 N. A.
Integral term lower limit Mdi | -3000 N. A.
PID output upper limit Mdupid 20000 N. A.
PID output upper limit Mdipid | -20000 N. A.
PID Scaling Factor Kdpid 15 N. A
[94] Fedt &S FEE o, &l A AAdel e FAV(EE
AH A7 812, NEF/EA 750 I E el /17bshs o E A=
Aefatomn Ne 5417120 A% YL Aoje 5= Qo o BAH O
AAH F2 F9(E A 9k oF 140kHzol A 150kHz W of] A4 7F
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[5=3]
3000

Input Power

1

Vo |8
» Inverter &
42
T |2
o}
Control & . c
<«—»  Communications PrC|(;nia|ry -g
Unit 5
(3010) =
3
- Current -
Sense 0
£
N
[5=4]
Ly S /

Bottom \'77 (. T Bottom
Coil 1 | I H Coi | 2
r—— |
o |
- d12 Lot}

Parameter Symbol| Value
Top coil is placed alongside from a bottom
coil with a displacement Oot | 232mm
Bottom coils are placed alongside each diy 46+ Amm

other with a displacement

Self Inductance[@1V, 100kHz]
of Primary Coi | Lp 11.3x0. 7¢H

Distance from the top surface of primary
coil to interface surface of base-station d. 5.5=1. omm
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Parameter Symbol| Value Parameter Symbol| Value
Quter length doi | 49.0+1. Orm Quter length doi | 46.0%1. Omm
Inner length dii  [26.0+1. Omm Inner length dii | 21.0£1. Omm
Quter width dow | 44.0£1. 0mm Quter width dow | 49.5%1. Onm
Inner width diw |22.0£1. Omm Inner width diw | 25.5%1. 0nm
Thickness de | 1.120. 2mm Thickness d; 1.1£0. 2mm

Number of turns per layer | N 11 Number of turns per layer | N 12
Number of layers - 1 Number of layers - 1
Parameters of transmitter bottom coil Parameters of transmitter top coil

(close to ferrite) (close to interface)
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7]
Full-bridge
Inverter
I — a
\b \b | | Cp
Input
Voltage

|
[
|
|
|
|
|
|
|
:
:
<::>+ Control
|
|
|
|
|
|
|
|
|
|
|
|
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3.3. Summary

3.3.1. Conformance to Communication Interface
Load Modulation

Req #1 Load Modulation D3A  PASS

3.3.2. Conformance to System Control

Selection Phase

Ping Phase

Req #3 3. Power Signal Characterstics Ock-20 0014 PABS !

b Power Signal Characterstics Oct-2015 0B PASS
e Power Signal Characternstics Oct-2015 oodc.  PABRS
d- Power Signal Characteristics Oct-2015 oeil.  PASS
Req #4 Mo Reponse Oct-2015 0014 PASS
Feq #5 Signal Sremgth Dc-2015 Oo1A PASS
Redq #6 Termination 22015 o018 PASS
& Temnination: Oct-2015 0oiA  PASS
Heg #7 a: Terminaton Oc-2015 0014 PARS
b Termination 22015 0d1a PAES

o Termination

Identification and Configuration Phase

a: Packet Sequence
b: Packet Sequence Dct-2015 0014 PABS
¢ Packet Sequence Oct-2015 0014 PASS
i: Packet Sequence Dct-2015 0014,  PABSS
Req#9 Facket Timing Ock-2015 0014 PASS
Reg#ia  Packet Hning Oct-2015 0B1A Y
Req#11  Communication Eror Oct-2018 001A  PABS
Feg#2  Packet Coptant Oc-2015 0014 A
Req#13  Pachket Confent Oet-2015 o31A PABS
& Packet Content Qct-2015 0p1s  PASS
b Packet Content Oet-2015 001A  PABS
coPacket Content 2et-2015 0014 PASS
Reg#14  Packet Confent Oct-2015 02148 PASS

Regq#ls  Power Tansier Confraet Det-2015 001A A

PCT/KR2016/012682
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[5=8b]

Power Transfer Phase

Req#16  Packet Sequence Oet-2015

a: Packet Sequence Dct-2015 DOiA.  PABS
b Packe! Sequence Oct-2015 oD1A PASS
Reg#17 & Packe! Timing Oct-2015 0018 PASS
b: Packet Timing Det-2015 Dois,  PABS
Req#158  Packet Timing Oet-2015 oD1s PASS
Beg#ia  Packelcontant Cel-2015 Do1A MiA
Req #20 & Power Confrol Dct-2015 n0iB  PASS
b Power Control Oci-2015 0018 PASS
Reg#21  Power Control OE-2015 ome PRSS
Req#22  Temination Oct-2015 001A PASS
2 tlermination Oct-2015 oo1s PASS

3.3.3. Conformance to System Performance
Guarantesd Power

a7 Guarante CRT &
b Guaranteed Powsr Oct-2015 ome PasS
CoGuarantesd Power Oel-2015 oo PARS
> Guaranteed Power Det-2015 004D PASS
e Guaranieed Power e S ) OME  PASS
T Guaranteed Power Oct-2015 TPR#6  PABS
Thermal Performance

Req#24  Themal Performance Oct-2015

Fareign Object Detection

Reg#25  a:Perfommance requirement Oet-2045 TRR#S PASS

b Perfomance requirement Oct2015 TPR#S PARS
¢ Perfomance requirement Oet-2015 TPR#5 PASS
o Performance requiremeart Oct-2018 TPR#S PABE

User interface

Req Oibject Placed Oct-2015

Req#27  Transfer in Progress 02015 DOMA. DA
Reg#28  Transfer Complete Oct2015  B01A PASS
Req#29  Fault Oct-2015  O01A PASS
Req#30  Mulliple Devices Oct-2015  DOTA. MiA

Req#31  Perfomance reguirement Oct-2015 oA MIA

PCT/KR2016/012682
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1661 [ Guzranteed Power, 15W maximum

Measurement data:

For Test MP. TX.PERF POWGUARANT W TC

Sent Control Errors
Sent Control Error:
Sent Conerol

SENT COnTro]
Sent Controd

FEi wordsaCK . F:EB02 - 6850 s:l.7
Sent Control
Sent Control
Sent Control
Sent Contral
sent Control
Sent Control

B b b b b

Recedved Power {0x21%, wode 0 9227 mw

6.6 potl/-B puid/ -8

Jh ok ek b B bt b R e e 2 b

Roece v Powsr
5k o 2 ACK,

Foeceived Fower
s WO DACK

et Contral. E

Sent Control Error:
Sert  Control Error:

COmI1Y, mode N: FOIEZ e
Fre823 - B85% 5:i.4 - 7.4 porl/-L pmrls-L

Sent Comtrol Error: 0
Sert Control Error: -0
sent Control Errors 0
sent control error:
Sent Control -Error: i
sert Contro] Error: 0
sent Control Error: -0
sent Control Error: 0

(om31Y, sode O LDSE3 me
TIEBSS. — 6839 Si1.3 - T4 poily-1 peils-1

Sent contrel Error
Sent Cortrol Error:
Sent Control. Errors
sant Control Error:
sent Control Ereoar: 0

rar.:. {

sent Contral E

ror;

End of Page

(a) 8W

PCT/KR2016/012682
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[5-10b]

1661 [ Guaranteed Power, 15W maximum

Measurement data:

For Test MP. TX FERF POWGSUARANT 15W.TC
el

¥ Sent Cortro

L3 = Er
12:30i34 Receiven Paower mm). Mode t LIB7E md
Lz 30:34 Fsk worciack  TiER9B - 6880 S10.6 - 5.8 a0i000 oGP0
Sent Cortral Errar:
Sent - Cortral
BenL Cortee] k
Sent Cortral
Sent Conrtrol
SONT COrTral

m‘lmtu!
§ [sent . Cortral Er
6 [eceived Power (u ;Ci) #ode ;. 13576 mw
sk worciack,  TiOBSE - B850 S:0.7 - 5.8 poi0dD poils0
Sert- Cortral Ereor:
Gent Contral Error:
5 [Sent. Cortral Erear:
Sert Control Ervar:
¥ [sent Cortral Ereor:
Eant CorTrel Erpor 3
sent Cortrol greor
7 |sent Cortral Ereor:
Receiver Power fJMJ} Hode t: LEALE. v
TLEEDE - BEEL SI0.T - 6.1 00070 P0IOAY
error: T
ment cortral Errar: 1
Beml Control Error: L
o o
o

1 Ervoc:
sent Contral Error
Bent Control Error
Sent. Cortral Ereor
sent Cortral Errar:
I Receivec Poner U}m%ﬂ, Mudi’ 0 LEE7 me
A0 [E S Woro ALK LEEDE - SHLT - B0l poAD oA
lGent cortro] grtor
[sent Cortral Errar: O
[ment Cortral erear:
ment forteal Ereart o
[sent correod Ereoe &
Gent Cortrol Ereor: O

BTl AT Y I A T

End of Page

(b) 15W

PCT/KR2016/012682
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[5=11a]

16.6.1 [ Guaranteed Power, 15W maximum
Measurement data:

For Test MP TX PERF POWGUARANT 12W.TC1

Sent Control Error:

Sent_control Error:

SRRE COnTrol Error:

sent Concrol Error O

peceived Power (8x31%. Mode O: 11040 mw

FSE wordyack  T:6899-- 6853 s:L.00 - 2.8 po:0f0 pm:l/0
coptrod Ereor:
corero] Error:
CORErn] Ereoer:
control Ercor:
Copvtrn] Sreor
control Errer:

E] Concrol Eprar:

) (Sent Control Error:

Received. Power {0x31%, Mode 0: L3175 mw

Fak word:ack 5892 - 6858 s5:0.7 - 4.4 poid-L pmil/o

Sent Cortrol Ereor

Semt Control Error:

sent Control Errer:

Sent Control Ereror:

Sent Cortrol ErPor:

sent Concrol Error:

5 |ment contro] Error:

Sent Control EFror:

recetved Power [8x31), Mode Do LIETE mw

FsE. word:ack  T:6898 - 6859 s:1.4 - 4,2 po:l/-1 pmil/0

Slsent control ervor: O

Sent Comtrol Error: 0

§isent Covorol Error: D

Sent Comtrol Ervors O

EEAT CONLro] Ervor g

Sent comcrol Error: O

End of Page ™ b

(a) 12W

R P W N 3D

DOODDE0D
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[5=11b]
166.1 [ Guaranteed Power, 15W maximum
WMeasurement data:
For Test MP‘TKF’EDWGUARANT,T W TCZ
sent Contro i
Sent Comtrol 1
Sent Control 1
SERT CORTr ol 0
Eem: Control {0
E;Eéii:gt;ggger (o ?, Mode 0 L3204 me
ESE - word tack & - GE3% 5:1.9 - 2.8 poilS-l pmil/-1
Sent Control 0
Sert Controd i
Sent Control Error; D
SERE Comtrol 0
! Sent Controd i3
Sent Control 0
Sent Control i
Sent contral 3
received Power T, mode D LIRAE e
FsE word:ack  Ts & - 6R64 5:0.7 - 5.2 poi0S0 pmi 00
Sent Comtrol Error:
5 [Sent Control Err i
Sert. Control Err ]
Sent Control o
Sewt Cortrol Error: B
B SeEwt Control Erear: 0
SenT CORTenl Errars
35 sent Control Errer: U
Received Power (0x31), Mode 0: 15735 mw
FSK wWord [ACK 16898 - B884 s5:0.7 - 5.3 poi0dD pmig/o
Sent comtrol Erraps 0
et Control Error: O
Sent Control Error: 0
Sent Control Error: O
End of Page *****
[5=12]
Distance FO Temp. Criteria
0 mm 45°C
Test #25(a) 2 mm 49°C <60°C
5 mm No charging
0 mm 44°C
Test #25 (b) 2 mm 48°C <60°C
5 mm No charging
0 mm No charging
[
Test #25(c) 2 mm No charging <60°C
5 mm No charging
0 mm No charging
. [
Test #25(d) 2 mm No charging <80°C
5 mm No charging

Test Result Fail



14/14
WO 2017/078473 PCT/KR2016/012682

[5=13]

Reg#24 Test#24 5.4.2 Thermal Performance
Measurement data:

Temperature Max:32°C

35
30 E— 1
25
20
15

1 0 I S B
/——’_—_—_/"—

Degrees, °C

5——

16:30:00 16:40:00 16:50:00 17:00:00 17:10:00 17:20:00

The top-surface temperature of TPR-THERMAL

(as measured by the thermocouple of TPR-THERMAL)was 31.5°
The ambient temperature was 23.2°C

Test ResuItFai I
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