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IereIess Power Transfer Technology € IEEE L

> Nikola Tesla (New York American, May 22, 1904)

» Tesla's Tower - Amazing scheme of the great
inventor to draw millions of volts of electricity
through the air from Niagara Falls and then feed
it out to cities, factories and private houses from
the tops of the towers without wires.

lonosphere

http://www.teslasociety.com/tesla_tower.htm
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Wireless Power Transfer Applications , SOGIETY.

Biomedical E-Vehicle
/ Sensor Implants / Robot / Underwater

pW ~ mW mW ~ W kW ~ MW kw ~ GW

Size & Distance & Power




ICategories of Wireless Power Transfer Technology
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Magnetic Resonant WPT Electric Resonant WPT
(Inductive Power Transfer) g(Capacitive Power Transfer)

Microwave Power
Transmission

Frequency
Distance
Power

Efficiency

Applications

kHz ~ MHz kHz ~ MHz
cm ~ m cm ~ m
mwW ~ MW mwW ~ MW
30 % ~ 90 % 30 % ~ 90 %
Mobile, EV, Biomedical Mobile, EV, Drone

GHz

m ~ km

W ~ GW

1% ~ 50 %

Mobile, Sensor,
Solar Power Satellite

O Resonance is generally used to enhance the distance and efficiency.
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IMagnetic and Electric Resonant WPT Systems
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Magnetic Resonance WPT
(Inductive Power Transfer)

Rx-Résonant
. Coil
Field

nce

TY?Resonant

Source
Con

Electric Resonance WPT
(Capacitive Power Transfer)

EIectnc Fleld
ReSonance

Capacitive
Coupling |
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IMicrowave Power Transmission ¢IEEE EMG

220V(110V)/60Hz
AC from the wall

Power Tracking | Power control(RFPA)
AC/DC Converter
Wireless Communication

b i (Beacone)

)
Phase Shifter . 20 Phased Array Antenna
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— = ' Diode
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N2l 37 : Filter | Load
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Rectification circuit
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Logic Chain “-\J
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7 . 7 N 7

< Transmitter > < Receiver >
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IWave Impedance of WPT Coils

&IEEE EMG

SOCIETY,

Electric ;~ ™, E
Resonant N _ 1 — = Z,, Wave Impedance)

H

Eoc1/r3, H oc1/r2

Wave impedance (Ohms)
=

a
Magnetic field predom
Hoc1/r3 , E oc1/12

Electric field predominant -

Transition

Plane wave
Eoc1/r, H oc1/r
______ Z,= 377Q

Tt

E H | Microwave
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Magnetic [’ \] 4—f————Near field
]
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IOn-Line Electric Vehicle of KAIST ¢IEEE EMG

Solving battery and charging problems by developing OLEYV,
which enables wireless electric power transmission while vehicle is stopped or running.

Powered Track
|
Business-competitive under-

road power supply

Battery .

- |
Reduced capacity to 1/3~1/5

Power Inverter of BEV battery

Pick-up System

3-phase S
440V/60Hz Power collection with
high efficiency
[
.
L] L]
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] Autonomous Driving and WPT for EV &IEEE ENC
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IAutonomous Driving Infrastructure using WPT

O Autonomous Vehicle Alignment System
» Automatic steering control based on magnetic field

Sensor Coil

Vehicle Body. Sensor Coil Output
:l;%i’“’" Py J? Wavslorm
v
¥ BZ X

B,

e — - # N Scale-down experiment for
wﬁ AA S ) ch t . .
WAL/ autonomous vehicle alighment

Source Coil Section

(@)

ensor Coil Sensor Coil Output

Y ® ‘ Vehicle Body_->
X L é % Load Coil | Waveform

v
B, ¥ B,
B LEET
=0 roll

Source Coil Section

(b)

Sensor Coil 12 Sensor Coil Output
Vehicle Body pul
Load Coilh,‘ Waveform
Yo % x v
By ' B,
AEET
@ || ®2® Road t
I Surface
Iy Y 2

Source Coil Section

©
K. Hwang, J. Park, D. Kim, H. H. Park, J. H. Kwon, S. I. Kwak, and S. Ahn, “An Autonomous Coil Alignment System for the Dynamic Wireless
Charging of Electric Vehicles to Minimize Lateral Misalignment,” Energies, vol. 10, no. 3, Mar. 2017.
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I Limitations of Current Railway System SOCIETY.
Limitations |
Catenary & | S —
Pantpgraph / N
Sy « High construction cost
ystem
» High maintenance cost
—  Low reliability & security
SR * Environmentally unfriendly
Railway * Friction issue for high speed
System .
&Electrlcal shock /
[ Elimination of contact-based parts ]
Inductive Wireless Power Transfer application
== bP KAIST
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I Benefits of Railway WPT System ¢IEEE ENC

Elimination of Power line
and Pantograph

o Y Y
Friction-less Less requirement of
power transmission Tunnel cross section

[ Aesthetic feature of city

* No conductive contact is required.

E“I: * Safe for electrical shock and costgffective railway system operation K’“ST
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Ilmportance of Vehicle Location Detection

O Precise estimation of vehicle’s location can prevent accidents.

Max speed limit based on falsely estimated vehicle location

Falsely estimated Actual vehicle

. . . Braking point calculated based on falsely
vehicle location location

estimated vehicle location

QO Precise vehicle location can reduce headway between vehicles and increase road capacity

= e

<Minimum safe headway between vehicles> <Reduced minimum safe headway between
vehicles due to precise location detection>

— || j KAIST
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IAutonomous Driving Infrastructure

O Accurate global/local positioning of WPT vehicles
= Code map of vehicle position using magnetic field

s Poi End Point
Source coil tart Point o Rechargeable Sensors (4400
Load coil ferrite cores *XM
. 3.0 - -
Source coil Bit sequence code of vehicle
S 251  position
% 2.0
3 1.5
°
g
§ 1.0
Magnetic field ~ 05
generated from
source coil [
0 2200 4400

<Experiment Result of Scale-Down System for Vehicle Positioning>

K. Hwang, D. Kim, D. Har, and S. Ahn, “Pickup Coil Counter for Detecting the Presence of Trains Operated by Wireless Power Transfer, IEEE
Sensors Journal, vol. 17, no. 22, pp. 7526-7532, Nov. 2017.

K. Hwang, J. Cho, J. Park, D. Har, and S. Ahn, “Ferrite Position Identification System Operating with Wireless Power Transfer for Intelligent
Train Position Detection,” IEEE Trans. on Intelligent Transportation Systems, vol. 20, no. 1, pp. 374-382, Jan. 2019.

== KAIST
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IWireIess Charging System for Drone &IEEE EMC
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[ une me)
Test Service of Parcel Delivery
in Korea (2017)
Receiving Coil
n
= Transmitting Coil
Resongnt .
Magndtic Field Ferrite (u,. > 1000)

— || j ——— kit
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IWireIess Charging using Capacitive Power Transfer <¢IEEE !UWL“}Y

Conventional Coupler Center-aligned Circular coupler ‘ >\

P Compensatlon ac- dc
Battery
3 circuit converter
D

Sensitive to rotational misalignment Robust to rotational misalignment.

L"\ Wireless charging station /

C. Park, J. Park, Y. Shin, J. Kim, S. Huh, D. Kim, and S. Ahn, “Separated Circular Capacitive Coupler for Reducing Cross-Coupling Capacitance
in Drone Wireless Power Transfer System,” IEEE Transactions on Microwave Theory and Techniques, Early Access, May 2020.

— || j KAIST
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I Low Weight Capacitive Power Transfer for Drone ¢ SOCIETY.
IPT system IPT system [1] Proposed CPT system
x Plate :I.E
| Tx Ferrite
Transfer Distance | Coil to coil Efficiency | Output power Tx weight Rx weight

IPT system 25 mm 93 % 100 W 14439 911 g

IPT system [1] <3 mm 91 % 150 W 908¢g 504 g

Proposed CPT system 25 mm 89 % 100 W 3069 228 g

[1] C. Song, H. Kim, Y. Kim, D. Kim, S. Jeong, Y. Cho, S. Lee, S. Ahn, and J. Kim, “EMI Reduction Methods in Wireless Power

mmm Transfer System for Drone Electrical Charger using Tightly Coupled Three-Phase Resonant Magnetic Field,” IEEE Trans. on

wmm |ndustrial Electronics, Vol. 65, No. 9, pp. 6839 — 6849, Sep. 2018,

KAIST
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IMagnetic Field in Resonance
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H Field[A_per_m

5. D288 e +E200
4. 5915e+000
4. 2857 e+B00
3. 9796e+000

3. 6735e+000
3. 367 3e+E00
3. B612e+E00
2. 7551e+B00
2. 4498 e+B00
2. 1429e+008
1. 3367 e+000
1, 5386e+@00
1, 2245e+@00
9.1637e-001
6. 1224e-B01
3. 0612-081
B, 628 & +208

* Result:

Resonance Frequency 22MHz
Winding Number 5
Coil Diameter 20cm

Distance~

S11 = '10dB, 521 = ‘4dB

22

35cm

Source: Dr. Youngjin Park (KERI)
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I Electric Vehicle Wired Charger

Classification Level | Current Power Type
in use here China Europe Japan North America
Devices installed in private households,
. . SAE J1772 Type
Level 1 AC <3.7kW the primary purpose of which is not 1
recharging electric vehicles
>3.7kW GB/T 20234 IEC 62196 SAEJ1772 SAEJ1772Type
Slow chargers | Level 2 AC
and £22 kW AC Type 2 Type 1 1
Level 2 AC <22 kW Tesla connector
SAE J3068
AC, >22 kW IEC 62196
Fast chargers | Level 3 | . (under
triphase | and £43.5 kW Type 2
development)
CCS Combo 2 CCS Combo 1
Level 3 DC Currently GB/T 20234  Connector CHAdeMO Connector
<200 kW DC (IEC 62196 (SAE 1772
Type 2 & DC) Type 1 & DC)
Currently
Level 3 DC Tesla and CHAdeMO connectors
<150 kW

Source: IEA Global EV Outlook 2017

23

KAIST



[ "":H;
IEEE EMC

I Battery Capacity and Wireless Charging Power

O The wireless charging power should be increased.
» 33kW =2 77kW = 20 kW = ?

Tesla
Model S (100 kWh)
Model 3 (78 kWh)

Nissan Leaf
(40 kWh)

Hyundai lonic
—— (28 kWh)
| | j KAIST
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IPower System Structure for Railway WPT
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0o}

1 Battary ) Chgvarta

kH

O00 A~

* Urban Railway: 1 MW
» High-Speed Train: 10 MW

Power
Inverter

r Moto

IHES

RX Resonant Buck-Boost
Circuit converter Inverte
—'Y“T ] A D
¢ C C C
—— 1
L IC D D
Rektifi C Batter
| AV
DC Bus ™ Resopant
Circuit
20= A == l
< lc ‘I ,
% Dl#} : TX Modul
N odule
&b 1 e

Re&tifie Inverter

<

Track Distance ——»!

r
< Schematic Diagram of Railway WPT Power System >

25

KAIST



Ayires
¢IEEE ENC

IEIectricaI & Electromagnetic Safety

Electrical Safety

SANEE FAT2 A9 2 * Electrical safety
A AAXD AFE(H
regulation

Parts and
observation point

Measurement
method
. *  On establishing

e

LUSH REs R

2 25 L §34B ozl
(b) v-a1072

EMF Human

Electrical hazard
point and protection Exposure

methods / \ 3001w\-/IHz.— lGHz/
—] || — KAIST
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IEIectromagnetic Problems in WPT System
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O EMC Issues due to Wireless Transfer of High Power

r

Effect on Human Body
Fundamental Frequency
Near Field

+ Shielding, etc.

EMC
Issues

27

Effect on Electronic System
Harmonic Frequency

Near and Far Fields
Filtering, etc.

KAIST




IEIectromagnetic Field (EMF) Regulations
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B-field
Frequency range (uT)
up to 1 Hz 4 x 104
1-8 Hz 4 x 10%f2
8-25 Hz 5,000/f
0.025-0.8 kHz 5/f
0.8-3 kHz 6.25
3-150 kHz 6.25
0.15-1 MHz 0.92/f
1-10 MHz 0.92/f
10-400 MHz 0.092
400-2,000 MHz 0.0046r12
2-300 GHz 0.20

B (uT)

[Table] Reference levels for general public exposure to time-varying magnetic fields

N

--------

-

=== general public }

|
i peak g.p. I
—=—=—=occupational }

i

"""" peak occup.

* EMF limits on whole-body exposure levels of 6.25 uT for the general population.
+ Earth magnetic field ~ 50 pT

“Guidelines for Limiting Exposure to Time-varying Electric, Magnetic, and Electromagnetic Fields (Up to 300 GHz),” ICNIRP Guidelines, 1998

28
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O Electromagnetic field from WPT EV is inevitable for high power charging.

e e ——————————————————————————————— =

WIRELESS CHARGING SYSTEM

| — ——

Source : Infiniti LE concept introduced by NISSAN motor company

KAIST



IShieIding Methods for Leakage Magnetic Fields

& IEEE ENMC
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Passive Shielding
(Conductor)

Passive Shielding
(Magnetic Material

2%

Active Shielding —\
Active

« Additional Source
* Loss
» Synchronizatio

Shield

2/

30

Shield

/— Reactive Shielding —\
Reactive

_KAIST
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ILeakage Magnetic Field from WPT System in EV ©IEEE !UM”L“W

ro =
\
/ \ I' |
[ |
[ |
I |
I |
I' Target :

I Area

I |
|
Resonant : I
e .. Receiving Coil Reactive Shield | | |
Transmitting C(\)I| § !
..H...} \ * \ l
S ~_ 7

™
Incident

Magnetic Field

— || j el

31
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ILow EMF Design — Reactive Shielding ¢IEEE ENC

O EMF cancellation using reactive shield

» Impedance of the shield coil determines the cancelling
magnetic field

Capacitor for
I = z
sh Zsh\ -I.Resonance

7 Load Coil

Taa,

& VvV A .., LTI > v.
D ALITERNS b S ¥. A__,y_,h___,t _____ » DU S AR >y
Incident -~ ‘ d Cancelling
Magnetj Yl,ﬂﬂ' agnetic Field
X

Source Coil

Resonant Reactive Shield Coil

S. Kim, H. H. Park, J. Kim, J. Kim, and S. Ahn, "Design and Analysis of a Resonant Reactive Shield for a Wireless Power
Electric Vehicle,” IEEE Trans. on Microwave Theory and Techniques, Vol. 62, No. 4, pp.1057-1066, Apr. 2014.

— || j KAIST
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ILow EMF Design — Reactive Shielding SOCIETY.
O Additional 90° phase shift using impedance control
= 180° difference between WPT coil current and shield coil current
1 T T T
I : e |ncident field phase lnd
N A
N/ e
I
O T T N N SO 8 N AN ]
N/ NI/
-10 4I5 QIO 1ZI35 180 22IS 2}0 3:5 360 405 4'0 455 SIU 5é5 GZI30 G}E 720 | I
Phase (Degred) 1 de =—J wM IS
1 I +90 degree .
5 ""“1 — due to induction i
05NN ! I.‘DSS\[EIiCE‘I']EgE”I:QﬁEM phase Ish ==""'§Ilr§':
TARY . Zsh
L S W R Y S - | """"""""""" Additional +90 degree
PYINIRY SN G T A =|:> ---------------- due to shield impedance
T eiu T ﬂim 2% 200 3% 30 A 45I0 4si45 5!10 55 630 675 T20 I Vind _ Vind ¥ ||(;1dUCtine
Phase (D sh = = i shield impedance
ase (Degree) Zsh ]sth + - c >+Rsh ~ja)L
W sh

-------------------------------

33
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IEMF Reduction by Reactive Shield ¢IEEE EMC

O Simulated EMF cancellation

Observation Points

Incident .
Magnetic Field /"7

% Advantages of Reactive Shield

Load Coil
: - Automatic Magnitude Control
Source Coil
- Automatic Phase Control
Observation Points  : - Minimal Power Loss
\:
tal Magnetic Field = )
by Reactive Shield a3 - Compact Size
Load Coil
Source Coil

KAIST




B Planar Reactive Shield 4 IEEE
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Load Coil Shielding Caoil

Induced Cancelling
Magnetic Field
from Shielding Coil

Leakage
Magnetic «=**"",
Field — «-.

Source Coil

Cssh ¥~ Shielding Coil

J. Park, D. Kim, H. H. Park, J. H. Kwon, S. I. Kwak, and S. Ahn, “A Resonant Reactive Shielding for Planar Wireless Power Transfer
System in Smart Phone Application,” IEEE Trans. on Electromagnetic Compatibility, vol. 59, no. 2, pp. 695-703, Jan. 2017.

— || j nul
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IPIanar Reactive Shield
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_ Leakage Field Efficiency

W/O Shield Reference
Active Shield -47 %
Non-resonant Shield -3%
Reactive Shield -53 %

180 T T

=== \\ithout shield (Sim.)
Active shield (Sim.)

ithout shield === Non-resonant shield (Sim.)

=== Prop. Resonant reactive shield (Sim.)

V¥ Without shield (Meas.)

7 Active shield (Meas.)

v Non-resonant shield (Meas.)

s Prop. Resonant reactive shield (Meas.)

Active shield

Non-resonant shield

Total Magnetic Field [uT]

Prop. Resonant reactive shield

1

0 20 40 60 80 100
[Coil center] [Outer radius of coil]

Distance [mm]

36

96.2 %
75.1 % (- 21.1%)
95.0 % (- 1.2 %)
90.2 % (- 6.0 %)

Unit : uT

80 mm

With Reactive Shield

KAIST
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Ilnterference due to Harmonic EMI from WPT Syste IEEE EN(
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KAIST OLEV HALO
Source
110~205kHz
2" harmonic 1
—>
® Freq
Victim q '
Radio-Controlled Clock A4WP Qi
®
Source CAlliance
0.3~3MHz Power 13.56MHz
h harmonic
[ | [ | >
o0 00 I I
iy Freq
110~205kHz 6.78MHz
Victim

AM Radio

« Harmonic electromagnetic field generated from WPT systems can affect other
electronic application.

* In order to reduce the influence on other peripheral electronic devices,
standards and electromagnetic interference regulations are established.

== ) KAIST
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ITrends of EMI Regulations in WPT System QIEEE !UM“IEH}Y

120 4
—_ —— EN 303417
5100 4 — | CISPR 11 class A (>2.2 kW)
2 80 —— CISPR 11 class A (<2.2 kW)
T, —— CISPR 11 class B (<1 kW)
= 60 [
= |
Q
S 40 o
: - £
& 20 ]
= I
0 —SS >
0 0.05 0.1 0.15 0.2 0.25 0.3 6.78
Frequency [MHz]

Regulations and measurement methods are being carried out to suit
the characteristics of the products.

The operating frequency has high regulation level but the harmonic
frequency has low regulation level.

Harmonic frequencies EMI reduction method are needed!

Ref) EN 303 417 MIST

Ref) CISPR 11 B/710/CD 38
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IPIanar Multi-Frequency Reactive Shield ¢IEEE ENC

Source Load

— R—ls Cs | So
/\/\/\/ 1

Source Shield
Czssl I

— Slmulatlon
— Measurement

2

T i
o El 20 30

Frequency [MHZ]

S-parameter (S;,) [dB]

J. Park, C. Park, Y. Shin, D. Kim, B. Park, J. Cho, J. Choi, and S. Ahn, “Planar multi-resonance reactive shield for reducing
=| I I— electromagnetic interference in portable wireless power charging application,” Applied Physics Letters, 114, 203902, May 2019. MIST
[— - 39



IPIanar Multi-Frequency Reactive Shield

$IEEE ENMC
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k) 85 29.32 Without shield mWith reactive shield
§ 80 T 75.96
2 E 75
> S 70 19.89 dB 68.78 68.44
T o reduction
5 M 65 27.37 dB
- © ]
— 60 ¥59.43 reduction
T ©
ST 55
2 i 48.59
S 50 \ S
40
1st harmonic 3rd harmonic 5th harmonic
Without shield With reactive shield
Simulation Measurement Simulation Measurement
Efficiency (%) 98.3 96.2 93.6 (4.7 ) 90.2 (6.0)

SE (dB)

15t 19.89, 3rd: 27.37

40
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Ilmplementation of Drone on Vehicle

- 150 W-Class Three-phase WPT Charger for Drone

[ : : : Drone
i =\ (DJI S$1000)
- -t n .

Wireless charging “—
A Three-phase

| Commercial § @ |ead acid
vehicle N battery (12 V)

Drone charger system is located on the commercial vehicle with 12V lead acid battery.

C. Song, H. Kim, Y. Kim, D. Kim, S. Jeong, Y. Cho, S. Lee, S. Ahn, and J. Kim, “EMI Reduction Methods in Wireless Power
Transfer System for Drone Electrical Charger using Tightly Coupled Three-Phase Resonant Magnetic Field,” IEEE Trans. on

Ell': Industrial Electronics, Vol. 65, No. 9, pp. 6839 — 6849, Sep. 20£11213. MIST
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I 150 W-Class Charger for Low EMF and EMI ¢IEEE

Landing gear of drone

Resonant AC-DC

i Converter

~
. B - rerrite
________ N == Magnetic Flux

Tx

(Nominal Frequency 60 kHz)

Wireless
dharging platform

Three-phase resonant magnetic field charger with high coupling coefficient can reduce
leakage EMFs with closed structure.

C. Song, H. Kim, Y. Kim, D. Kim, S. Jeong, Y. Cho, S. Lee, S. Ahn, and J. Kim, “EMI Reduction Methods in Wireless Power

Transfer System for Drone Electrical Charger using Tightly Coupled Three-Phase Resonant Magnetic Field,” IEEE Trans. on
=|II— Industrial Electronics, Vol. 65, No. 9, pp. 6839 — 6849, Sep. 2018.
— L
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° ° ° | I ‘.l”“
ISWltchlng Time Control for 3-Phase Inverter @IEEE Eoe.
1 o !
J::/ P gy g3 8s) @'8'0%5
T T Cra nn , S
v, o o — = R N
Vl: i R['xz gz 1 I 1 : 1 1 1 1 1 1 rd
Az ST R 33 . smemen . e
—Vpo/2 g4 g6 £ & 4 ] : 1 1 i 1 ] 1 ] >
s it n L ¢ Os s
Lo -/Q.‘ gG '_;_:_: : 1 1 1 : : i II —>
",‘\ 1 | T T |
Rpo Log 0L Vo A——t — — — >
AN = l ] N : : | L 1 : I |_=_I-
Ry v, L P 1 1 R
- b T 1 1 1 ] 1 ] T 2>
< Three-phase inverter > .
vV, = 1 l 1 L 1 1 1 >
- THD, of 3-phase inverter is smaller than the single-phase. o — |
- Elimination of 39 harmonic components is possible. _ —
Vo —— - ! —
vy, =2V%{sin(a)t)—%sin 5a)t—%sin 7a)t+~~1 A ! S
| | I | | I 1
v ' P ' : : 1 1 ' : : S
an 1 d
L |

C. Song, H. Kim, Y. Kim, D. Kim, S. Jeong, Y. Cho, S. Lee, S. Ahn, and J. Kim, “EMI Reduction Methods in Wireless Power
Transfer System for Drone Electrical Charger using Tightly Coupled Three-Phase Resonant Magnetic Field,” IEEE Trans. on

Elll: Industrial Electronics, Vol. 65, No. 9, pp. 6839 — 6849, Sep. 20£1:. MIST
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IMarket Trend of Biomedical Devices
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Millions of US

5000.0
4500.0
4000.0
3500.0
3000.0
2500.0
2000.0
1500.0
1000.0
500.0
0.0

Dollars

Global Forecast of Telehealth Device and Service

2012

2013

2014 2015 2016 2017 2018
Source: IHS Technology, Jan. 2014.

8000.0

- 7000.0
- 6000.0
- 5000.0
- 4000.0
- 3000.0
- 2000.0
- 1000.0
- 0.0

Thousands of Patients

With increase of telehealth device for higher service quality and low service cost,

Implantable and telehealth devices will increase 10 times by 2025.

45
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IWPT for Implantable Medical Devices QIEEE E¥

Magnetic
Resonant

Wireless Health Monitoring

) \J_

Cochlear Implants

Deep Brain
Neurostimulators

Magnetic . ,
Resonant } , Implantable Nervous System
I 3 - Interface using WPT

| Cardiac
Defibrillators
Pacemakers

Attachable
Monitoring Gastric
Sensor Stimulators

—lll Chulhun Seo, “Intelligent Biomedical Wireless Power Transfer Research Center”, Korea WPT Workshop, Oct. 2018 MIST
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IKey Technologies in Biomedical WPT Systems

T | Biomedical WPT Technology

% — Implantable Ultra-Small Coil Structure
— High-efficiency WPT using Metamaterial

— Non-interference Wireless Power Transfer

Material and Device for Biomedical WPT

— Bio-Friendly WPT Material
— CNT Material for Implantable Devices
— High Efficiency Flexible Antenna

AP\kv Bio Interface based on WPT;

‘-f '.

~ — Wire-Free Patient Monitoring Service
¥ — Nervous System Treatment using WPT Implants

\\ "\~ Wireless Charging Cardiac Sensor

—— — Chulhun Seo, “Intelligent Biomedical Wireless Power Transfer Research Center”, Korea WPT Workshop, Oct. 2018 MIST
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Q Al is a model inspired by a biological neural network
O Values of Al

Save time, labor, resources, capital, energy
Provide time for human for creative activities
Improve life quality

Al
= Save earth ARTIFICIAL
INJ?TEWLEI.&!GENCE
» Freedom from labor and nature TR I
AT Hidden Iayer1 Hidden layer 2
- ® *— -
s Yy L SRV Input layer
W Vaval .:- '...' .. ..o % ¥ P Y / Output Iayer
- - ®
© ‘.'.. ..- =3 .. ® . L4 ... o/ \/
L. v ) Py ® Y S ) et =
ARSI R R ) ‘ AL
.\ - * ° - ® e s .
L4 *“ e\ " S .
\ S Y L ] - oo »
R S N % v
® .'.‘;... ..'o“...
= o A 9
et x1
<H Brain > X2
uman Brain < Neural Network> —_— x3
] Ref) Ji ho Kim, “2.5D/3D Terabyte/s Bandwidth HBM D AIC ters,” K te § h, EMC C 2019.
—“I— ¢f) Joungho Kim erabyte/s Sandwi esigns for AI Computers,” Keynote Speec ompo KAIST
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Qutput Layer

mproved Computer
Performance

[ ]
__lll_ Ref) Joungho Kim, “2.5D/3D Terabyte/s Bandwidth HBM Designs for Al Computers,” Keynote Speech, EMC Compo 2019. MIST
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IFuture EMC Design

Conventional EMC Design

= Complexity in EMC design
= Long time and huge effort are required.

= Al-based EMC design S/W is needed.

High-quality
Big data Al learning time ¥
g Al performance A
o T A
::d Tow-quality arget Accuracy
Big data
Data volume !

* High-quality big data will enhance the Al EMC.

High Quality

EMC Big Data New EMC

Core Technology

Ref) Joungho Kim, “2.5D/3D Terabyte/s Bandwidth HBM Designs for Al
Computers,” Keynote Speech, EMC Compo 2019.

Refined data
New tech.-based data

Input Al Model Output
= Optimal Al design tool for EMC
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I Conclusion

O The WPT technology is changing the future electronic system.

O Electromagnetic problems can be critical in WPT technology.

O The solutions for WPT EMC problems should be developed.

O Future design methodologies using Al will enhance the development of WPT and EMC.

— || j KAIST
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