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Types of electric vehicle charging stations

AC Level 1° AC Level 2° DC Fast Charger” Wireless Charger*

Uigey

Basic home
installation
(Mode 1 or Mode 2)**

Voltage
120V AC, 1-phase
250 V AC, 1-phase
480 V AC, 3-phase

Current rating
12 A-16 A (32 A for 3-phase)

Home and public

installation
(Mode 3)**

Voltage
208 V—240 V AC, 1-phass
250 VAC, 1-phase
480 V AC, 3-phase

Current rating
12 A-80 A

Charging time
6—12 hours™™

Charging time
46 hours™

Public and commercial
installation
{Mode 45

Voltage
380 V-600 V AC, 3-phase

Current rating
DC output (up to 400 A)

Charging time
30 mins™"

Home and public
installation

Power levels
WPT1-3.7 kW
WPT2- 7.7 kW
WPT3-11 kW

Grid to battery efficiency
S94% at a 10" ground clearance

Vehicle ground clearance
100-250 mm (3.9" to 9.87)
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Global electric vehicle charging equipment market

Market trends and drivers

Increasing production of efectrified vehicles: estimated § million venicles in
2019 growing to 40 million vehicles in 2025 = need for higher efficiency

7.3 million chargers are aclive across the world (as of 2018), of which, nearly
6.5 million are privaie chargers, 0.6 million are public slow chargers, and 0.26
million are public fast chargers

Currently, more than 70% of the charging is done at home. Convenience, cost-
efficient, and a variety of suppori policies are the main driving.

Majority of charging to-occur at home or workplace duning a8 span of several
hours (AC charging) = bidirectional topologies is needed for smart grid

Limited charging grid capacity in most regions = Emergence of combo
ESS+PV with DC charger

Increasing voltage and power output of DC chargers
for fast charging = 560 V to 860 V

Low-power OC charging solution in residential/icampus will replace the AC
charging solution o make charging faster (20 kW DC versus 7 KW AC)

D charger create a need for improved safely and addificnal components, such
as advanced liguid-cooled cables. subsiations, and energy storage systems

Rapid growth of EV Charging at ~36% CAGR
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AC charging station

1 Service Access Panel

® Reed Sensor

4  User Interface

® TVS Diode Amay
® Polymer ESD Suppressor

2  Input Protection

5  Commumnication

® Fuse ® TV5S Diode Array
® MOV ® Head Relay
o GDT |
® TVS Diode
[ ] Tempem{ufe Sensur
® PPTC ® Beed Sensor
® Schoitky Diode [
® SIDACtor® + MOV

T AC RelaysiContactor
® Contactors & Relays
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AC charger functional block diagram
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Features and benefits of Littelfuse solutions

Relay=

5CO1*, 5002

PCE mouns capable; higher fiexamility for desigrers,
compact desan,

Technology Function in application Product series Bﬂwﬂh Features
High-current Fuse Primary over-curent protecton of BV [ ‘Enables robust yet compact des:gm; can cperate m Hated voltage lﬁt&ﬂ[‘ WAL, #0-63 A rating availanis;
{Primary Protsction}  emuipment | T Sutreme ternpersturs environment jsmall footpant .
Sarpe protection i SO Tome Nith=tands: high-snergy transients i grevent 200 A nominal intermupting rating and 50 kA maxmum
(Frimary protection) _P“E':'E' i i | ==~ disruption, downtime, 2nd degradaion [mteTupRing rating
Fast-actng Fuse  Owercument protechon of swsiisry power w4 oA AR Redures customer quaificstion fime by comphang withiln Sccordanes with UL Standard 248-14; svadsbice
|S=condary Protecion) supply ! et b ihird-party safety stendards such as ULIEC \canridgs and awal lead format
i oo . T T Feduces customer gusification ime by comphyang with ‘High encrgy sbsomtian capabiliny:
m EEI;;;;iﬂ;::ﬁ:nﬁﬁzﬁge i mamamree hird-party safety standards such ac ULIES {40530 J {2 me); mimgrated thermal peotedtion
0T rcinsianis aeood by Iig.Hn-l"g E fEa CEd Emzli form-facior 3liows for compast 1_-I|p1' Energy sbsorphion capability;
= — r _sysiemdesign _small form-factor; low leskegecumemt 0000
TS Dinde P'umcfs,trw—'lmefrm::anscnts,urge AT Good diaznping and 1251 ;Esponse Sme for |High power TWS 520 ps rating from 1-201A in sal-
i ki ‘high-snergy transient protsction ___l=ad or SMT form sctar
peTE Pue:ﬂdlmatammdaﬂmﬁ i memmmwmmgm reduces Jmewﬂzgemrgsdﬁﬁ]-andzm‘umm
ﬁﬁmmm%wm_g@ — q&m_qrb_nmg_pyug@wng_mﬂw_ﬂi; |resastanes: holding current up-fo 2 A compact sEe
: o ‘Redures switching losses; incresses system High wmpﬁ&w‘feghglh‘le FEWEISE FRCieEny
ESchotty Dhode Used for rectficaton | s Iﬁ rzliakility 2nd e i m*zd
SINEC e~ MCA {Enhancing surge protection for swdiary T l:.la:mngalﬂhﬂmpxﬁearreh' 3k ;ﬁ:&ugeranshllﬂymheipmmmm
i poMtder SLpDly . | - ‘high-=nergy transiert protaction Hrom hanmiud transient surges.
TWE Diode Amsy Prbleie (N, EWE[ _(EL#SS e fr:-n AD2eCAN. SMTI Ensures refizbifiy of the equipment without :q IEE?C%EH e T
.ESD EFT, and woltage transient performance degradation oy lezkags cument 34 siamping voltsge
Becd® Lioww poveer switching with-up to 2300 'V Lo powser consumpiion; gakanic isolatien Wirianre singie m-fne package; extemnsl magnetc
i b il izolztion mmune to snvironments sfects shsid ootion
TVS Diode Aray | ; Cymaiier form-factor and mult-Sne prolecion enshles | S81028 has high ESO robustness for ouchpads;
PelymerEnp . "eetsiis Som ESE: hiugh depry z25= o design *ED10402 has uira-ow capaciance for 10
I i .- . ' . [Well suited for u=age in high-moistwre Snd
Fizzd Sensor Acoess panet for positon sensing 5QO60, 58043 ?g-hi'ﬁ_a:n;?end a;plfatui;rr:;mt directly iro PC3 contamminated snvinocoments: modded stiand-off to show
¥ vy : |bosrd washing
5 - 3 i Effers high accarscy- nigh reiability; ‘Linzar relslionshep between temp 3nd resEsiEnce, lemp
Tempersiure Sensor :DCmuEﬂE hot=pet detection v =spefient siabiity 3 hgh emperatues range <50 *C o +500 *C
to e |Robast design; well suited for usape in high-moistre [Hermetically sesled. magneticslly opersted contacts,
Feed Sensor imnﬂﬂ'ﬂmmm ! -and comaminaied emvinonment icerfified tor bss i MA and Earcpe
i e i = for n = L, g -
L. ) ) ) HEC 1.5 2 Poie, mﬁlgﬂﬁﬁ;cﬁi a5 apﬁl;i'f;w e '_":; Laong electncsl lifs; High surge capabiity, Certfiad for
Coniachors o {Esfety cutof an the grid (power network] to HCC 3 B 4 Pole, HOE £ " ety g u==in Morth Amenca. Ewope and Aslz
résistance o coddation-for fznper lifs
prewent abnomal | cumrsnt suppiy

ILow heat generstion and Jov ool power consumption,
performance to mest reguistony ULIEC compiiance
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DC charging station

1  Service Access Panel

® Reed Sensor

2  User Interface

® TVS Dicde Array
® Polymer ESD Suppressor

3 Communication

® TVS Diode Amray

4 Rectification & PFC

® SIC/SIMOSFET

® Rectifier Diode/Module
® Gate Driver

® Temperature Sensor

5%  Rectification & PFC

® SiC/Si MOSFET

#® Rectifier Diode/Module
® Gate Driver

® Temperature Sensor

10 Chamging Plug

® Temperature Sensor
® Reed Sensor

6 Power Distribution Unit

® fFuse

7 | Input Protection

® Fuse

® Surge Protection Device
® TVS Diode

® Current Transformer

@ AC Earth Fault Relay

8 DC Quiput Protection

& & DC Fuse
& HVDC Contactor
@& Earth Fault Relay

=

9  Auxiliary Power Supply
F

® Fuse

o MOV. GDT, SIDACtor® + MOV
® 5| MOSFET

@ Rectifier Diode

B4 Littelfu
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DC charger functional block diagram

P Technology Product series
oA D output AC Fuse (FDU leved HLS, JLLN
G ] Cwercurrent protecton
inpist Fo— : Bridgeless _ ] Overioad {Primary prot=chion)
dictibartion > npat pEre Full bridgs. » &
» PR protection e resonant *  short-circuit Surge protecton
2 protection (Primary protection
; TWS Diade AKA. Y ESAIC
Si MOSFET PolriY
Rectifier and Schottky Diode OhtA, DST, O5A. DS8
- AC Fuse -
BAulizry : _— 114, 334
powsr supoly Gate drivers + {Secondsry protacian) L
I Metsi-Conde Wanstor W, Li=MEN
H Gaz Dhscharmgs Tub L2 £53
Current and ciidernael. ol
voiage SI]:I."-'«Ernr - I'n*D"u' PraDENL + UEahOy
monioring - Charging Flug R crer n-,m' CHAA
—T_ —" Eontrlies PasitionTemgp = = =
7 Rectifier Module . MEE VUG, MONS
AC earth-faut SIC/SIMOSFET/ S =
orotection Disorate iGBT i
= Disds
- : Arcass pang!
Wirgless - # Communication User interfaces s Temperature Sensor
Gat= Drver
CAN Bus - T Cument Transformes
Haome: F._ VEF GO I AL Esnh-Fault Relay
— L=gend.
eamn-aped | — Fowsr Howe: Otfer Litefuse solutonsy o
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Features and benefits of Littelfuse solutions

Technology Function in application Product series Benefiis _ Features
A Fuse Provide fast-acting oweroad snd shor Reduces damape 1o equipment caused by heating  [Extremely current-limiting; Smsil footprint
__[PDU Lavel)  circuit protection | i i and magnetic effects of short eircuit currents 200 kA intecrupting ratng
O rcument prn-leman : — Ear deT e AR Ll:m&r 't performancs sliows for quick rEsponse o = - 400
_IPrimary protecton) r =smisEn =B, a5 e orotzct devices from higher hest snergy o000 Vs SR 1008 M. i
Surge proteafion 3:'!!:»1&:.15 from power fluctostions of = Wﬂhst_amds- Pngl'e-vergy transients i pravent ;2I:I k& nominsl merupting rating and 50 kA
_{Primary protecton)  Surges — disrugtion. downteme, and degradation imamom inferupling miing
TS Bioade Protects power lise from transient surge ANEL T Good clamping and fast response tme for High powser TWS -8/20 ps rating from 1 kAo
transient ! £ figh-enempmy Fansient protechion 20 kA i mdalaad ar SMT form facior
= : ki G = e s e i Low eumca: 3nd Qp; svalznche rated, mematonal
5i MOSFET B ﬁl?hﬁl_:??d switching | ME _:;5:.' 10 mount; space-savings; high power densxy stsnds packages low packags maucznce

‘Rediifier and :.ch.;.rﬂ-;]r Provides output rectfication m uxiliany

improves power sopply unit eficency

Reduces customer qIJE[IIﬁI:.EL'G?:I time I:-:.; :D.r.r.-plpﬂ.g
with third-pasty safety standasds such as ULIEC
Feduces customer qualificston time by comphyng
twith third-party safety standards such a5 ULJAES

fSmakl form-factor alows for compact system design

\Good cia mging and fast response bme for
Righ-energy transient protection.

ﬁmail?mmﬂ}t multiple pack=ge options
‘l:‘mgi} woltsgs. isclsted, and standard packsges)

‘ompact design, better slecirical isclations

ﬂpnml:ed for high-frequency appbostions

ILow forwsrd woltage drop; high-requency operstion;
Jhigh junction flemperaiure

I 2ccordance with UL Standard 24514,
anzilable in canmdge and axial lead format

+agh enargy shisorphon capability:

#40-530 | (2 mc), integrated thermsl protection”
“High energy sbsorption capability,

Emal form-factor; low eakage curnenl

3 kA, Bi20 {is surge capabiity 10 help protect AG
lires from hammiul ransient surgss.

Cow i=aksge cument snd fonward YoRage drop.
improved therma! behavior, high robistress.
Pa:}EgE veih DCB cer=mic, very fow forward
mﬂag.e drop-and low iEskape coment

I..I"I!a-dm outpuf cEpacAsnoe 3nd on-fESEENCE

_Diode powEr supply | i St i
AL Fusa Dwercurrent pmte::i::r of EJIIﬁ:"].' 214 354
{Secondary profecton  power supply —t
Mov GET m sernes with TMOW protects the T R
Auiliany power supply unit from woltsge
Go0T transients induced by lighining CE2, £63
Enhancing swnge protechion for awshary ' Sl ek
SICACtor + MOV oower supply ML + Ulirehion
tiighes oo __fﬂnnwanz. AC ling volisge supphsd o he | o
Recifisr Moduie  Dve 200 MED, VU0, MDA
SiCTSE MESEET! et X .
 DizeretejGaT 999 sanverter for high-frequenay .
D":ZE ﬁ'l'lﬁ-[ﬂl:ll‘rg in the PFC cinguit

Reduces switching lossss; increases eficency

Tsmp-eﬂmr.; Sensor gTElnp sensing for semiconduciors

High surge capability: n&g_hgl:ée boes TjITEFE

Hap:d thermal refponss d Img-!]me reliaburt:.l

Gste Driver Controls the swiiching MOSFETSIGET:

Cetieal Ernstrimic -Dﬁer-:. ground-fsult detecton and

Chick turm-on and turn-off of MOSEETSIGETS;
ighminzras the nzad for separme supply
Specsically designed for kow lewsl detectan;
Hux conditioner & included to prevent saturaton

AC Earth-Fault Retay Pro=cioo _ EE704

o calibraben; low level profection-and system
coordmation; low maintenance

i Littelfuse

Ui recognized. temperahire rEngE 41250

B A pask cument low ,..mn.—.qa';mn delay ums;
low output impedance

Tikns ratio 88001 and current rating 3005 A

Mmprmssar—has&d adjuslabh nu:tup O mis
& Adiusiztls tme delzy (30 ms-2 3}
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DC charger functional block diagram
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Technology

Cwerlcad
inpist Fower Inpat - . ,
i s a pat Full bridge. » &
» PR i protection resonant *  short-circuit
protection
e
BAulizry OC earh-fault
power supply Gate drivers i

Current and H

voitage
monsoring

-

AC earth-fault

Controfiers
T

Chamgmg Plug
PasitionTemgp

!

]

protection
_—
- A
3 coass pansl
- » Jzer interfaces
Wirgless 4 # Communication L
CAN Bus = T
Wose Pow veer lopofogies may difer Based on Lagend:
g oifiy FEQUIrEmEnis | — Pows
] uuultuur — o=

SiC or Si MOSFET

LSICIMO, 3
Class '-hF=-_—rr |:"'

Cla=s.

Diode
Temperature Sensor
Gate Driver
DT Fuse
Diode
HV OC Contactor

DC Earih-Faull Relay

Earth Reference Module

Temperature Sensor

Reed Senzor

TVS Diode Amay

TVE Diode Amay
Polymer ESD

Glass C n_,:ﬂl:;l TErmstar,

SE-GHh

PPG, USW,

F
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Features and benefits of Littelfuse solutions _

Technology Function in application

SiC or SiMOSFET oy st s -U!:Itimzad for high-frequency applicstions _Ultﬁl-hw output csparitance and nn-feslsmf-!_
. |rectification - ! T, s .
Dipde Reduges swiching losses: incresses effciency High surge capability; negigicle leg TP173 7L
|Semicon T 1 |UL recogniz i iEmperature:
Tempersiure Sensar eI e et Hapd therma! response and long-tima reliabdty LIZI;E_:DEHI._%EI;HHGE range-of impectim
imegcurement 1 HAE TR 12500
| e csan— yQuiek twm-on and hem-ofl of MOSFETS! B A peak current low propagaton delgy fime;
Ga= {Controls = SFET= [KONBOE, TLE351NE 3
Dever Em e FWRaning ME o RO, (832 1hE -E|II‘I'III'I.EIB=_'_= the mz=d for ssparats supply {fowi output impedsance -
1 | "'E'"'G' of = 4 = P =t
D3 Fuse \Protecis semeonductor devices gt E¢ MEARcE SV for pUBEY: sacpdase: i 150 0-1300 Ve, F00-1000 Woe, 40-2000 A

pr|:|1.=u:' dewices from higher feat enengy [
Compac: deslgn low tism-on fass; |High voltage options: very low fonward volage drop,
\loweer povesr dissipation _zma=ll form facior

'l.-".|'|::|E range of -:‘.apab:’r'le_-.—can switch from 10°s of

IEHA=MO standard meguires safeny

e _diode for sscondary protectan

|The mam contFciors connect and M llows 3 low-volags signal to switch the contacis

HY OO Contactors Liisaonnect the DC charging tni D M v igh-uikine <ijral _;r:rn;:h;ﬁ 1000's of smps, and 10°s of wolts 1o 1000°s
D Esdh-Fzult Relzy iOffers low-lewel ground-fzult profecton. E-fnd :F'I‘ﬂ'-"idE- a wide range of low-level protection: PAdjustable pckup (120 mA). adjsstable time detay
{Groingd-fault current i sensed using 2 e -adjustable bip delay alows quick protection of 50 m=—=25 sk CSA pardified, UL Listed [E340853),
b muh;&munﬁ—ﬂﬂer&nﬁ! Maoduie SECAM defzyed responze [{CE (European Union). C-Tick
i i S ' [ .. ’ - a i -
o 5 . : Offers high accuracy, high refability, Limear relationship between temp and ressiEncs,;
Vernpesayae. Seastr D contacts otspol deleaton exoelient stabdity at high temperaiure iemp range -50 *C to +500 52
I ) i ; . - I “IRobost dz_si;[n: wiell suited ‘f&r-{rs.'a'g_e_h'l [Hermetical I,r sealed, magnennall_l,r azerated
Flesd Sensar {Ciiarting slug posiion ==n=ing Ihigh-moisture and contaminated environment contacts. Cenified for use in NA and Europe
{Protects CAN, Ethernet R5-485 bus oy R ‘Ensures reliabifty of the sguipmeant without :IHEEE_ESD& Aocn e {5 SPECIN midne .6
TVE Diode Amsy o BB EET nd yahiage transient ADTAC AN, ST nerformarie degraddtion | 1000-4-2° 12010605, low leakags corent and
| I | LR 1 EIEEES = clamping voliage

TS Diode Array Smaller form-factor and mula-ine protecton

Protects |Cs from ESD through display Lowe capacitance of 1.0 pF per V0

Polymer ESD enables easze of de:lgn
e e e | T, E F{-abuﬂ |:|E5||;n wei-zuited for Us3gE in [Hermatically sealed: magnatically opersted
e Sensee p el fof pesitian sencig high-moesture and contammated environment [contacis; cenified for vse in NA and Europs

i Littelfuse
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Wireless charging station
1 Service Access Panel T Power Distribution Unit

® Reed Sensor ® Fuse ® Fuse
® Surge Protection Device

2 UserInterface ® TVS Diode
® Current Transformer

® TVS Dicde Array ™

® Polymer ESD Suppressor

AC Fault Refay _?-"'

3 Communication

® TVS Diode Array

4 Rectification & PFC

® SIC/SiMOSFET

#® Rectifier DiodeModule
® Gate Driver

® Temperature Sensor

5 High-frequency Converter

8 Auxiliary Power Supply

® SiC MOSFET ® Fuse
® Gate Driver ® MOV, GDT, SIDACtor® + MOV
® Temperature Sensor ® 5i MOSFET

® Rectifier Diode

ﬂ Littelfuse
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Wireless Charger Functional Block Diagram

o . Technology
R il AT Fuse (PO level) [
1 Buet_'cun%r.i protection FoR. LA0GS L1505
AC | [Primary protecsion|
input Prwer ingeart - e Full bridge :In:rﬁé Surge prm;c;nn
- === wignng-ar > - : dz s il
dmth:rtmr protection boast resonant Matching larg;':rf.smn [F'n'mar,l prot=ction]
b = MNetwork >
stage = TVE Daode
I Si MErSrET
I Rectifier and Etﬁ'mtky Dicde 4, O
Aupliary Gat= G AL Fuss e
ESFT:IE::' e drivers (Semandsry pechon) I
Metzl-Ondes Vansor TRACA
| Zas Discharge Tubse
Current and + + SIDACtor = MO PacelENL + UirsMo
e ) - : Rzchifier Dinde DA
t coess pansd
— Cenralisrs i Rectifier Modue MDD, VUO, MONA
SIS MOSFET! : '
Al eewlly- Discrte IGET i
fault =
@ proteation Dide
Tel rEture SEns0r
Wireless 4 # Communication uzer e
3 : mtzrfzoes Gate Drver
—ﬁ Cument Tmnsfmer
m” Eus ™~ —
- AL Earnh- rEJh Relay
Noge: F cnventsr fopologies may differ based on { egend
SGUTETHENES Y
—

o Littelfuse
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Features and benefits of Littelfuse solutions

Technology Function in application Product series Benefiis _ Features
A Fuse Provide fast-acting oweroad snd shor = N Reduces damape 1o equipment caused by heating  [Extremely current-limiting; Smsil footprint
(POl Lewel)  citcuit pectection | i i and magnetic effects of shon gircuit curents, (200 kA intemupting ratng
O rcument prn-leman — 5 BEEicd R |k Ll:m&r 't performancs sliows for quick rEsponse o = -
\Frimary grotectan) Frotects semiconducior dewices PSR- 8005, LTHODS eotect devas from Righer heat snergy BE0=-1300 Ve, S00-1000 Wi, 40-2000 &
Surge proteafion 3:'!!:»1&:.15 from power fluctostions of o5 Wﬂhst_amds- Pngl'e-vergy transients i pravent ;2I:I k& nominsl merupting rating and 50 kA
_ (Primary protection)  Surges — disruption, downtme. and degradation msemam inkerfupting rating
TS Bioade Protects power lise from transient surge ANEL T Good clamping and fast response tme for High powser TWS -8/20 ps rating from 1 kAo
transient £ figh-enempmy Fansient protechion 20 kA i mdalaad ar SMT form facior

51 MOSFET High-spead switching Poiar

‘Rediifier and :.ch.;.rﬂ-;]r Provides output rectfication m uxiliany

Ezsy 1o maunt; space-savings, high power densiy

improves power sopply unit eficency

Reduces customer qIJE[IIﬁI:.EL'G?:I time I:-:.; :D.r.r.-plpﬂ.g
with third-pasty safety standasds such as ULIEC
Feduces customer qualificston time by comphyng
twith third-party safety standards such a5 ULJAES

fSmakl form-factor alows for compact system design

\Good cia mging and fast response bme for
Righ-energy transient protection.

ﬁmail?mmﬂ}t multiple pack=ge options
‘l:‘mgi} woltsgs. isclsted, and standard packsges)

‘ompact design, better slecirical isclations

ﬂpnml:ed for high-frequency appbostions

Low = wand Dg svalanche rated; miemational
standard psckzpes low package miuciance
ILow forwsrd woltage drop; high-requency operstion;
Jhigh junction flemperaiure

I 2ccordance with UL Standard 24514,

anzilable in canmdge and axial lead format

+agh enargy shisorphon capability:

#40-530 | (2 mc), integrated thermsl protection”
“High energy sbsorption capability,

Emal form-factor; low eakage curnenl

3 kA, Bi20 {is surge capabiity 10 help protect AG
lires from hammiul ransient surgss.

Cow i=aksge cument snd fonward YoRage drop.
improved therma! behavior, high robistress.
Pa:}EgE veih DCB cer=mic, very fow forward
mﬂag.e drop-and low iEskape coment

I..I"I!a-dm outpuf cEpacAsnoe 3nd on-fESEENCE

_Diode powEr supply | i St i
AL Fusa Dwercurrent pmte::i::r of EJIIﬁ:"].' 214 354
{Secondary profecton  power supply —t
Mov GET m sernes with TMOW protects the T R
Auiliany power supply unit from woltsge
Go0T transients induced by lighining CE2, £63
Enhancing swnge protechion for awshary ' Sl ek
SICACtor + MOV oower supply ML + Ulirehion
tiighes oo __fﬂnnwanz. AC ling volisge supphsd o he | o
Recifisr Moduie  Dve 200 MED, VU0, MDA
SiCTSE MESEET! et X .
 DizeretejGaT 999 sanverter for high-frequenay .
D":ZE ﬁ'l'lﬁ-[ﬂl:ll‘rg in the PFC cinguit

Reduces switching lossss; increases eficency

Tsmp-eﬂmr.; Zenzor gTElnp sensing for semiconduciors

High surge capability: n&g_hgl:ée boes TjITEFE

Hap:d thermal refponss d Img-!]me reliaburt:.l

Gste Driver Controls the swiiching MOSFETSIGET:

Cetieal Ernstrimic -Dﬁer-:. ground-fsult detecton and

Chick turm-on and turn-off of MOSEETSIGETS;
ighminzras the nzad for separme supply
Specsically designed for kow lewsl detectan;
Hux conditioner & included to prevent saturaton

AC Earth-Fault Retay Pro=cioo _ EE704

o calibraben; low level profection-and system
coordmation; low maintenance

i Littelfuse

Ui recognized. tempersure EngE 412570

B A pask cument low ,..mn.—.qa';mn delay ums;
low output impedance

Tikns ratio 88001 and current rating 3005 A

Mmprmssar—has&d adjuslabh nu:tup O mis
& Adiusiztls tme delzy (30 ms-2 3}
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Wireless Charger Functional Block Diagram

Technology —

factor corscion  mony: SiC MOSFET i LSICIMO
s P “ Sridgaless n il Irpe- Temperzture Sensor | LISUR1000, KC
input diEHI:iEHLI‘l"IDF 1 » Inpat vienna or _‘ Full brdige. dznce - L
. i protection baest resgnant WMatcking sl Gaie Driver IXDNEDS, 1X4351NE
umit st e, Caoilz
: _ TVS Diode Aray AQ24CAN. SM712
- | TVS Diode Amay SE1026
“a Polymer ESD «GD10402
Aupliary = = '
powsr  HR == | &= Reed Switch 59060, 59045
supply il jill

Current and

voiage
ronitoring

Acoess panel

— Controbers F Ceas

AL sarth-
Fault

I

ﬁ profection
ol
Wireless o § Communicstion tser
mtarfaces
CANBus

Nowe- Fa

Legend:
— FPover

TS EET ..|:!__-‘.I|., g jliirsments
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Glick on the product seqfas in

) the table balow for more info |

Features and benefits of Littelfuse solutions

Technology Function in application Product sefies Benefits -Fm
: |High-frequency swatching and L i - T Ultra-low t capacitance and
SIC MOSFET | ol odvoncy ? LSICIMO | Optimized for high-frequency applications | L <10y CuPt 62D
Temperature Semiconductor Temperature LZUR1000. KE Rapid thermal response and long-fime UL recognized; wade range of temperature
Sensor measurement e refiability ARG o 125°C
| e | Quick turn-on and furn-off of 3
|Cooito's fic swiching IXDNEOS, X4ISINE |MOSFETS/IGETS: siminales the neadfor: | o Poak current, low propagalion defay

Gate Driver | \tocrETeIGBTs

IF’rutects CAN, Ethemei. RS-485
TVS Diode Amray | bus from ESD, EFT, and voliage
transzient
TVS Diode Amray !P:medslﬂsﬁmEEDmmu@
Polymer ESD | display

| separate supply

Ensures reliability of the equipment without
| periormance degradation

Smaller form-factor and mulfi-Ene protection

fime: low output impedance

‘Mesis ESD protection levels specified under

|EC 61000-4-2; 1SO10605, low leakage
curmrent and clamping vollage

Low capacitance of 1.0 pF per /O

FReed Swiich Charging pheg posilicn sensing

| Robust design: well suifed for usage in
| high-muoisture and contaminaled
| environment

Hermetically sealed: magnefically operated
contaciks: eedified for use in NA and Europe

i Littelfuse



Select standards for EV charging equipment

Standard Title General Scope Region
: : ’ : : Varous parts of this standard cover general requirements, along with
IEC 61851 Senries | Electrc Vehicle Conductive Charging System AR chargers. s DG chapgers ihically. Zlobal
3 Piugs. Socket-Cutlets. Viehicle Conneclors and Vehicle Inlets - 3
|EC 62196 Senes Conductive Charging of Electric Vehicl ‘ Standards for charoing plugs. sockets, and connectors. Global
' . : . \arious partz of this standard cover general reguirements for wireless
i
IEC 619580 Senes Electric Vehicle Wireless Power Transfer (WPT) Systems Elvatting Syisborts. siony will #hic isschnplogy-b sguisements: Global
= s . : ; \arous parts of this standard covergeneral reguirements. along with ;
GE/T 184587 Senes | Elecinic Vehicle Conductive Charging System ! AC chargers and DC chargers ifically. China
GE/T 20234 Series | Conneclion Setf for Conduckive Charging of Eleciric Vehicles Standards for charging pluegs in China. China
SAF J1TT Electrc Vehicle and Plug-in Hybrid Electnic Vehicle Conduciive Physical, electrical, funciional and performance standard for charging Norih
x Charge Coupler plugs in Morth America. America
z = & | interoperability. electromagnetlic compaliblity, EMF,. minirmum
th Wirsless Power Transfer for Light-Duty Plug-In/Electric Vehicles | - ; 3 T North
SAE J2954 and AlgnmcntMethodoiogy | W$m¥aﬂﬁmﬂgfmmmmﬂw Sl
Satety standard for supply equipment (charging stations, cord seis,
4 ; , power outlets, eic.) in Morth America, Tr-nalional standard for U.S., Norih
Ut-z3 Shandsie for Elechic: Vehic Supply. tauipaen Canada. and Mexico (known as CAN/CSA G222 No. 280 in Canada America
and NMX-S-677-ANCE in Mexico)
UL 2202 Standard for Elecinc Vehicle (EV) Charging System Equipment | Safety standard for electric vahicle charging eguipment bs
* HTFI™ ang J2954™ are regislersd tedemarks of SAE infemational
4 Littelfuse



Additional information can be found on Littelfuse.com

Explore the world of Littelfuse with the electronics eCatalogs (hiip://electronicscatalogs. litielfuse.com/)

| 2

EY Charging Application Guide
Circuit Protection Catalog
Sensor Selection Gulde

Power Semiconductor Catalog

Click on images
to open the

Surge Protection Devices Catalog
Power Relay & Control Catalog

integrated Circuits Gatalog
Industrial Fuses Catalog

i Littelfuse
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Local resources supporting our global customers

B4 Littelfu

Bt s i) | dgpesn | Dassisanl

B Mount Prozpact
B Madison E W Bremean
W cChicago mn

W Troy
. [}

B = | Burlington
B Saskatoon

B W Tapuig
W Lipa City

-

Legend

W e
B Rio
W samufacmnmg
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Partner for tomorrow’s electronic systems

An industnial technology manufactunng To help customers in the design
company empowering a sustainable, process to account for requirements
connected, and safer world 9 set by global requlatory authorities

Our engineers partner directly with S To help customers get products to

customers to help speed up product f market faster, we offer certification
design and meet their unigue needs testing to global regulatory standards

Comnactivity

Dwur global customer service team is High-volume manufacturing that is

with you to anticipate your needs and committed to the highest quality
ensure a seamless experience standards

W Littelfuse ]




This: docwment 5 provided by Litelfuse, Inc. ("Litelfuse”) for informationsl end guideiine purposes only. Liltelfuse-sseumes mo Fahility for ermars oF onnissions in this dociemert or
for any af the riformaliion comainsd hersin, Irformalion isgrovided on &n “as =7 and “with all faulls” basis for evaluation pwposes only. Abplications described sre for Nuestraiive
puposes: oy, &nd Litelfise mekes no repressnislion that such applicalions will ke suiable for the customers specific uss withowt further festing or modification. Lilelfiise
sxpressly discisims all warmantes, whelfer exgress imphed or sistutory, including but not imied to the implied wamantes of merchantabiity and fitness for 5 pamicwlar puposs

snd nom-nnngement I is the customer’s =ole responsibiily o geterming suifsbilify for & particulsr systeny or uss bassd on thelr own perfommance oritena, conditfons, spesific
sppiication, compathity with other pars, and emvironmental condiions. Customers. must independentiy provide sporoprsle design and opersiing saleguands 1D mMInNTHze any
risks associaled with thelr appiications and prodocls Resd comoiele Disclaimer Nolice al iffalfuse comisclsimerslecimmcs
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Types of electric vehicle charging stations

B A= defined by SAE J17T2
B As defined by IEC 618511

continuous current

-y

AC Level 1

= 120V AC, 1-phase, 124 or 16 A max

g

AC Level 2

= 708 V-240 V AC, 1-phase, = 80 A max
continuous cunment

= 380 V=600 V' AC. 3-phase input;
DC output

« 250V AC, 1-phase.

Maode 1 (AC Mode 2 (AC)

= 250V AC, 1-phase,

16.A max. -OR- 32 Amad -OR- -OR-
430 W AC. 3-phase. 430V AC, 3-phase, 450V AC, 3-phase; 32 Amax
16 A ma 32 A max
i : = Parmanenily conmecied to AC supply with
= Cord with no pilot or = Cord with control control pilot & shock protection
auxiliary pilot & shock
conneclions protection

Mode 3 (AC

= 250V AC. 1-phase, 324 max

-

= AC or DC input supply, cord or permanently
connected, with control pilot & shock protection

depleted baftery

v Delivers AC power from the wall socket to
vehicie's on-board charger

v Typically takes 5-12 hours™ to charge fully

= Oelivers AC power from the electrical supply to
vehicle's en-board charger

= Typically takes 4-6 hours* to charge fully

* Delivers DC power, bypassing the vehicle's
on-ooard charger

= Typicaily provides 80% charge of fully depleted

depleted battery

battery within 30 minutes®

. ::"—:.':.)E timz depandent on vehicle's bafiery capsciy and ahange sicem=snRte =t

p=



