RN SRt iRIP

Electric Vehicle Battery Protection

——RE R AT, KA, BHEAREGH
Littelfuse, Inc. YS Du, Field Application Manager



et
%
EES SN TN ARAGE

Littelfuse, Inc. YS Du, Field
Application Manager

[ERENT]
MARERERNFRAFTRFHRNNARAEE, AFTEERF
FROERFR EMCIRRTT R BORSH, FHAEERE PRHE
TENERFRPER. REHEMRAREZTFEA, AHRR
BT 105,

DREHEE 1
A5 4 R IR

Electric Vehicle Battery Protection

DERHRE]

M PAFB G KA TR 7 RS LB RIEM. 455
EEEETANBEX, XMEEESRNNEREMBEMEERE
MBREEMEFEN, AATSANEBBEIER LREHENE
ZmMME. Fitt, XNBRELF. HRENEETHIRERNT K
IR £ Fto

ME BBV ES RN (BIRENNENRS) ElE
R RAHET B AL RAMI BN LS. JLFHRE
WSH A EREE FRk ABRITIRHE It REER
FRMMRH TR (WIRREMSR-SRANY RN BEF
%%ﬁégmﬁT—%ﬁﬁ,%%N%ﬁ?%ﬂ%%ﬁﬂﬁﬁ%%
AR o

AT BTSRRI NSRS A RS TR R 7R AER
M, XEREHRTEAAMERENEMEERS, URIEE
WAL EBIT. MR AN R E R EAEEER
FH—DRBINRE. R, EEHFEFERAT, THEIBEARENEEU
FEROEERERL, MMSBLERARRERL. 3T FHELEMN
RIS R N 2 BRI, B HARIPTTREBLAT DM

AR R M ABESFRBNESEMEINR, BPRZERAN
AEEBNARREMNEM, UREBBRBENRPHEK.



% electronica China
Electric Vehicle Battery Protection

RS2 it R

Shanghai Electronica 2016
2016 EIPREE B E QI FT A R IRIR

CONTENTS
=k

P Littelfuse

Expertise Applied | Answers Delivered

= Market for EV / HEV Vehicles
BENE/ R AT

= The Lithium lon Electric Battery System
EETHRLARS

= Safety with Li lon Battery Systems

EETHORAGZNZ SN
= EV/PHEV Architecture
B E/ABR A A EREN
= High Voltage Battery System
=R ERBRS
= Littelfuse Electronic Fuses Qualification Testing
DHFE R Z2IAENK
= On Board Charger System (OBC)
ZHEERARS (0BC)
=  Summary and Conclusion
VAN 5 B4

P4 Littelfuse

Expertise Applied | Answers Delivered

PROTECT | CONTROL | SENSE mm® Confidential and Proprietary to Littelfuse
aEm

Litte

ffuse,

Ime.

) 2018

2



CONTENTS
xR

Market for EV / HEV Vehicles
B FE/RENNAENTS
= The Lithium lon Electric Battery System

EETRBARS

= Safety with Li lon Battery Systems
BEFHERGHNREM

= EV/PHEV Architecture
BERE/AE R AR IR ERN

= High Voltage Battery System
=R ERBRS

= Littelfuse Electronic Fuses Qualification Testing
DR TR ZZIAUEAR

= On Board Charger System (OBC)
ZHFEERARS (0BC)

=  Summary and Conclusion
JEER St

04 Littelfuse

aEm
PROTECT | CONTROL | SENSE mmm Confidential and Proprietary to Littelfuse. Littelfuse, Inc. © 2016 3
E ise Applied | A D uEE

The Market for EV / HEV Vehicles
HBERE/RENARENTS

Growth Drivers & Types of Evs

KRN B EN R E KR
Chart 1.1 Annual Light Duty Electric Vehicle Sales by Drivetrain, World Markets: 2013-2020 - e . . .
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Source: Navigant Research 2013 Source: CONTINENTAL AG 2013

+  Market for Vehicles with any form of higher voltage (>12 or 24V) electric system is expected to show CAGR of ~15% to ~30% until 2020
BREAMBKXUE DR KT 12V 2 24 V) LW RERSEMHHTHE 2020 F£2 AT RME L 15% £ 30% ME T SEIE

. Besides the growing number of BEV, PHEV and HEV cars, the new 48Y Mild Hybrid or Eco Drive systems will significantly contribute to the
growth

BT aER S, EUR SN AR MBS AR HBER 25, FEE 48V BEIRE A AE L R th gL F R IR

. Key driver is the demand for improved air quality by lower or zero emissions, requiring better efficiency of cars
FEYEHRRTESRFHAMAEE SN EATR, WAFREESHMEER

L] Additional driver is the overall increasing number of electric loads in a car, requiring higher voltages and more powerful electric systems
F—MYEAREE b R EESRIIE, ERESHMDEMERRS LN RS
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The Lithium lon Electric Battery System
EETHBRS

From Cell to Pack

M Bt 88 TT B B3 jth 40

Li lon Cell Li lon Battery Pack
A B T s 4 ln_nl IgnIBattery
oduie
B Rt

Battery Management & Control
F BT AN R
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The Lithium lon Electric Battery System

BT R

Li lon Batteries vs Other Battery Types

EE TR SHMAERIB

atrbutes | LoadAcia |_NmH_ Litwum on |

Weight Fair
Energy Density Fair Good
Discharge Power Fair Fair ‘Good
Charge Power Good Fair Good
Temperature | Fair _
Cycle Life Good Good
Calendar Life Fair Fair

Cost Good Fair _

Typical Cell Voltage 2V 3.3Vto 3.7V
Safety Requirements Low Medium

= Lithium lon Battery Technology is continuously improving and provides best cost / functionality
required

R FRIBBORETERE, FHRM TR RERAK/IIEE

=  Cost for Li lon Batteries is expected to reduce in the next couple of years by a factor of 3 to 4 and
energy density is supposed to increase by the same factor
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Safety with Li lon Battery Systems
ESTHBRAZHNREM

Why Battery Management is essential
At 2 BMERSR A D
Li lon Batteries only operate safely and reliably within certain limits:

EETEbAEE—ERAIFH TR ERIET:

Lithium lon Cell Operating Window

- State of Charge: Safe and reliable battery operation only possible within a certain range of the state of Thermal Runaway
charge; High dis-charging and over charging reduce the efficiency and life time of Li lon batteries; 300 - " L
ideal SoC is between ~20% to ~40% of the max. charging R
- EAS: RANERRSE—RERANLLTRERSTRAE, BHLNILEARERRTARNIER e R
Eﬂmﬁ%“&hlkﬁmlm 20% E 0% EE 200 Exothermic Breakdown of Electrolyte
Release of Flammable Gases
- Safe cell operating voltage: Maintain cell voltage in between min. ~2V and max. ~4.2V. Too high cell g Pressure and Temperature Increase
voltage can cause excessive currents flowing, in the worst case shorts due to dendritic lithium g Separator Melts
plating can destroy the cell. Undervoltage can cause a of the ials which in the worst %
case also results in a cell shorting. 5 5 Breakdown of SEl Layer
. S . - 2 100 o Temperature Rise
- Qﬂﬁﬁlﬁﬁﬁzﬁﬁ%ﬂﬂﬁﬂiﬁllﬁZ\fﬁllﬁ 4.2V Z W), ey i R T Bl S e RS  FERITAIR E
RATERARSIENEREEIFN, -

- Thermal Temperature control is as excessive temperature can
cause a chain situations due to tial shorting of electrod 0

in negative p ing dang
as well as outgasing of flammable gases from organic solvents (electrolyte). o
ui

- MER RERHAAER F@XiIEMEBEARERE ARITES G R-FPIERE, WS RE TR QBRERR - 50
BTSN LT (AR R R ST R E B RN 0 2

¢ Lithium Plating During Charging

8 10

4 [
Cell Voltage (V)

Li lon Batteries require careful monitoring and regulation via a Battery
Management System

T BRI Rt R RG AT (A0 R Y

Protection of the Battery Management System itself is required to keep this
important system reliable and safe under all conditions (assembly, maintenance,
normal operation)

M EBRRGAREILTRIMZRIEX-ERZMRFEFRAMAT (U, FF. E
FRIE) RETERFR LT,

Source: Woodbank Communications Ltd,
www.mpoweruk.com

¥ Littelfuse

Expertise Applied | Answers Delivered

aEm
PROTECT | CONTROL | SENSE HH Canfidential and Proprietary to Littelfuse. Littelfuse, Inc. © 2016 ]

Safety with Li lon Battery Systems
EETHREARZNZSM

Why Battery Management is essential

St 4 B st HR A TR A
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Battery Voltage | V
- Li lon Battery Systems can drive significant currents on power lines under short circuit conditions; proper fusing with high interrupt
capable fuses like the Littelfuse OHEV Series is recommended
%g% MR AEEBIEA TRER AL LSRR LE #FEARFUE A HIENHRL2MEEMBIRE A, MAHKLFM 0HEY

= Battery Management Systems are normally connected via high impedance sense lines, therefore short circuit currents are significantly
reduced and allow usage of electronic fuses; voltage requirements depend on the battery construction

it B RGO B SRR AL, AR RS L ERE, FRVERG TR BEERIVAT A
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EV-/ PHEV Architecture

B E/AENESINIRESRN
Main Building Blocks

FTEME

PTC Heater High V Li lon Battery Pack

48V Li lon

Combustion
Engine

0000

Electric Motor

+ Infotainment
= ADAS Systems
= Other LV Systems

Electric
Compressor Coolant Pump | |Vacuum Pump

e o
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EV-/ PHEV Architecture
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High Voltage Battery System and OBC
B Uk U R R A FE L BR RS

PTC Heater
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EV-/ PHEV Architecture
BaAE/ARRESIIIRESREM

High Voltage Battery System
= HLJE H R 4
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High Voltage Battery System
mHEEBRNRS

Building Blocks & Protection Needs
i RART TR K
High Voltage Li lon Battery Pack

T A T

Sense Line Fuse to protect from shorting of
Sense Lines

z;{'{tﬁﬁ&?&i&ﬁﬁiﬂﬁbhﬁ‘}ﬁ?ﬁﬁﬁﬁﬁm

Module 1
-+ -+ -4

Cell Monitor IC Sense Line Input Overvoltage

® Protection

Rt 1 S R LB 1 R R L RR i AL LR R

Overvoltage / ESD Protection for Daisy Chain
I/F
35k I/F #il i E/ESD e

High Voltage TVS across Battery String for
Transient Protection
Bt s EMEHILE TVS AT YR

Overvoltage / ESD Protection for CAN
Bus IIF
CAN £1£5 I/F 9l diJi/ESD i

Madule 2

High Voltage Main Fuse
High Voltage / High Current fuse for power
line protection

FAF L DR a0 i R R 22

@ ® ® ©
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High Voltage Battery System
mHEBRNRS

Sense Line & Cell Monitor Protection — Details
1 BRBR 20 BR B v sth IS BRI — VE4H 5 BR

Cell Monitor

Module 1

y Dais Chain Interface

04 Littelfuse
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Sense Line Fuse to protect from shorting of Sense Lines:
A AR LR TR B R MO (L RSB LR RR ARG 22

- Depending on Battery System there can be 12 to ~200 Sense Lines per

car
SREACR RS, BEETMES 12 F 200 SEBmBLRE

= Shorting can theoretically happen between random sense lines
depending on failure modes

ERil b ARG MRS L0 B 2 (AR R AR SRS, AR T

- Potential Failures: Assembly Issues, Car Accident or Crash, Leakage of
coolants or other liquids that can build conductive deposits

AT HEN E RA  WRC M, RS, MR R G R N AR
4t 4 A

Cell Monitor IC Sense Line Input Overvoltage Protection:

H 0 S L e B 1 R AR L BB A A L R

« Praotects low voltage (5V) input terminals of Cell monitor from transients
SR R AL (5 V) A F R TFIREHF

= Hot Plug Transients occur during assembly and maintenance of battery
pack; other transients can be induced from vehicle systems like charger,
inverters, motor drives either via di or inductiy ling via
adjacent cabling

«FE Lt A S AT HO R 9000 2 P L E AL IR IR | B ER AT RE L G B
éﬁﬂﬁlﬁiﬂﬁﬂlﬁﬁﬁiﬂux%ﬁ. WA, UL B EERE P

Overvoltage / ESD Protection for Daisy Chain I/F (e.g. Hot
Plug, ESD)
# 5k UF (30 Suddil, ESD) g9 L IE/ESD fR47

High Voltage TVS across Battery String for Transient
Protection (e.g. Hot Plug)
BArdiiths ERE L TVS ATFERAERD (0. SR

aEm
PROTECT | CONTROL | SENSE HH Confidential and Proprietary to Littelfuse. Littelfuse, Inc. © 2016 17

High Voltage Battery System
= EERNRS

Microcontroller & Power Line Protection - Details

| CellBalancing + Protect. |

S )

X cell Monitor

K <<
K >

High Voltage Main Fuse

CAN BUS

High Voltage Li lon Battery Pack

P Littelfuse
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B EEETEhA

®

Overvoltage / ESD Protection for CAN Bus I/F:

CAN 25 I/F #id i /ESD f&Rir:

« CAN Bus is the typical interface in order to link the Cell Monitoring
Controllers to Higher Level BMS C which then i

with other controllers in the car

<CAN BTG RMIEHB R TGS E M i 2R E (e L5
B ER S EHEARTED

= In the densely packed envirenment of a car battery system CAN lines
can be subjected to overvoltage stress caused by ESD (e.qg. during

& mai or other i i from other car

¥ via pling or via
SEMEGBERGMERIT M, CAN ASM B ESD(FINEHEREN
B Bt IS 4 Rl IR S AL 55 2R R R ER AR B R R

High Voltage / High Current fuse for power line protection :
AT DR8I b R R 2

= The high voltage / high current main fuse is the last resort of safety in
the case of excessive current or short circuit events in the high power
system of the car

H AR EREERERATHXNBEREPRED R REITHEG
EREESIEHBEFR

- Suitable fuses need to be well coordinated with other fuses being
dowstream in the system (e.g. junction boxes)

RET MR LR S ENRE LS 2 BIFHE (0. )

= Fuse needs to be able to withstand several thousand amps and need to
be able to continuously conduct high amount of energy for a long time
gg‘;ﬁﬁ!lﬁﬂiﬂﬁ*?ﬁﬁ%ﬁ. 0B e b e W e £ S K
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High Voltage Battery System
= RS

Littelfuse Protection Portfolio

HERIPAERS

Sense Line
® Fuse Options®
(IR BR L BR RIS 20> R HE

Ty
.
s«

462 Series

A37 Series

505 Series .6{

¥ Littelfuse

Cell Menitor IC Input

@ OV Protection
AR IC SR AL R R
0OV | ESD Protection

for Daisy Chain I/F
FEt I/F i HESD Be7

SPgow._Senes‘

SDosC Se;
SP4021 Sen! I

“Sense Line Fuses:

* R R R R

ense Line Short Circuit Pro

Expertise Applied | Answers Delivered

High Voltage TVS
O Transient Protection

HHLE TVS BRI

~ Uni-directional
TPSMAEL Seﬂes ~

| Llhl directional
TPSMB Series t

l Bi-directunal

OV / ESD Protection

@ for CAN Bus UF

CAN &4 IF i i1 [R/ESD &4

SM24CAN
Series

onic fuses can have very different requirements and not all fuses might be

ested electronic fuses for sense line applications. Please contact your

mmm
PROTECT | CONTROL | SENSE mam
-

High Voltage Battery System
= R RS

L|ttelfuse Protectlon Portfollo Selection Criteria

Sense Line
Fuse Options®

16 2L B R 2 8 7 Rk R

R ERE

High Voltage / Current
® Power Line Fuses
R R S R

LX-
%t

OHEV Low Current

Confidential and Proprietary to Littelfuse. Littelfuse, Inc. © 2015 19

Cell Monitor IC Input
@ OV Protection
HUB R IC AL E R

= Voltage range depends on
battery configuration, same for
interrupt rating

U SE R ECR T i R, SR
BT L (G 20 e

+ Fuse should have a low
temperature de-rating

R 2 1 LA Y AR R

« Low tolerance of cold resistance
as well as long term stability is
required

SERAARHIEERBLRN
L 1.4

+ Fuse should be able to cope
with temperature cycles and
vibrations

- B £ 7 B B 2 B T EFFDAR BN
+ Small Formfactor

HE

= Ideally fulfills AEC-C test
conditions

SSERINE AEC-Q MifEHER

= LF recommended: 453 Series,
462 Series, 437 Series, (505
Series)

~HFRHEE 453 BRI, 462 RA,
437 F51(505 F}50)

¥4 Littel

Expertise Applied | Ans

OV / ESD Protection
‘ 3 ) for Daisy Chain IIF
bt IF it UEESD &4

High Voltage TVS
Transient Protection

W HLE TVS BRI

OV / ESD Protection
for CAN Bus I/F
CAN £.4 VF it i R/ESD {7

High Veoltage / Current
Power Line Fuses
8 L LR e D R

= 5\ Operating Voltage seems
to be most common

5V THEdLEIT RN LY

- Low Capacitance is desirable
HEREEENN

= Silicon Diode Arrays provide
fastest protection and lowest
clamp voltages

B R E RS R I RA R
84 6 i L

« Small Formfactors of 0402 to
0603

IR $13 (0402, 0603)

= Power Capability several 10 to
several 100W (8/20ps)

SChEfEHD. MTEEMNEE
( 8/20ps)

= AEC-Q101 gualified
HE AEC-Q101 Bt ER

= LF recommended: SP3030,
SP4021

-HH R SP3030, SP4021

= Voltage range depends on battery
configuration
« L [ 58 PR R F L R

= Power requirements depend on
transient environment and battery
configuration

ShEE B R AUA TR 0 i it R

= LF offers 600W up to 3000W
Diodes

~NHHiB 4 600 W E 3000 W R E
« AEC-Q101 qualified
“fFE& AEC-Q101 Bt ER

- Small Formfactor like TPSMAGL
(Low Profile 600W Diode)

~\RHHE, 30 TPSMAGL (B8
600 W —iR%)

LF recommended: TPSMASL,
TPSMB

» R TPSMAGL. TPSMB

*Sense Llna Fusas

« Typical operating voltage of
CAN Bus protectors is 24V
“CAN & E PR T fFdE
Ay 2av

= Power rating between 200W to
S0ow

BB EE f7E 200W E 500W
40

= ESD Contact Capability of
30KV recommended

~HiLE ESD ffai i i B RE
3 30KV

= Low capacitance between 11
to 30pF

2 F 11 Z 30pF ZipEhE
+ AEC-Q101 qualified
& AEC-Q101 M ER

= Small Formfactor Packages
S0D882 or 50T23-3 (2
channels)

<R HEHE s0D8s2 &
SOT23-3(2 i)

*LF recommended: SM24CANA,
SM24CANB, SPHV-C Series

«HHHEE: SM24CANA,
SM24CANB. SPHV-C #31

= Operating voltage up to 450VDC
~IiFHEE 450VDC

= Low current fuse ratings 10A to
30A, 40A (425VDC)

B R AT BRI 10A E 304,
40A(425VDC)

= Medium current ratings 60A to
1254

R HUE ] 60A F 1254
= High current ratings 150A to 250A
W LR 150A E 250A

+ Form Factors 10x38, 42x20,
52x30

~FE1RESL 10x38, 42x20, 52x30
= High Interrupt Rating of 10kA
0 P LT {1 10kA

= Various mounting options: board
mount, bolt down, blade, inline
cable

S REEAT (L, W, DA
AR
« LF recommended: OHEV Series

{available) Medium / High Current
Versions under development

<HHHE:OHEV R 7 (ATHE ) g/
W RARAREE R A

- Following 1S08820-8
Requirements

8 1SOB820-8 FRATER

se. Litteffuse, Inc. © 2015 20
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Littelfuse Electronic Fuses Qualification Testing

H R F R ZZAUER

Reliability Testing for Electronic Fuses in Automotive Apps

AN L F RIS 22 A e] SETE I it

More Automotive Applications like e.g. Battery Fuses for Battery Sense ~ Voltage  Current  Interrupt
Sense Line Protection rely on electronic fuses Line Applications Rating _ __Rating Rating
% B0 7 R (Bt (L B SRR BB R YY) IR ML T 0453.630MR ot | ssoma [0TSR saamm | nano
1Bis s 125vDC rated voltage ¥

S SOA@r .
There are no official standards that define the 0437002.WRA 63vDC 28 . .366 mm | CCF
qualification of electronic fuses for use in O‘
Automotive D437.750WRA 63VDC 750m* Qe Jm CCF
%ﬁ—fﬁ dh {E A HFRIG 22 &/ E UIMEME Al 46206300000 l;:;ic / 0\-\ | ~5x4-5xa.5mm | NANO

Littelfuse has developped a test plan following AEC-
Q200 guidelines to test fuses for their suitability and
reliability for Automotive Applications

HFFIRYE AEC-Q200 AEN|HITE T — it it-&l, *f
RIS 22 6 R 4 N FR R E RN BT SR UL AT I

Test Plan contains18 test cases like 1000hrs op life,
temperature cycling, elevated temp testing,
vibration testing etc. and uses increased sample
quantities —— e I T Yo — — o
XL A S 18 Wik, 140 1000 /N T HE .. 2>*Littelfuse Test Plan follows the guidelines of —

<
“
dzvg"‘

Fan CREREA. FAEBEIA RIIAF, FFAM  — AEC-Q200 with fuse specific modifications; s
FEA R ARTAM -—- please consult with Littelfuse for fuses that =

Littelfuse is continuously adding part numbers and

ratings to the Automotive qualified range of . passed these reliability tests.

Slectionic fuses S NEIIR I RMIEAEC-Q200 K S MR LA
N TR 50 BRI 2R S HSE MR — FHREBY; BN A HRAET X ETRENR
FENTR T ﬂ_ﬁ:ﬁﬁﬁ#ﬁfz&
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EV-/ PHEV Architecture
BN EARRIVE SIS ERM

OBC (On Board Charger System)
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On Board Charger System (OBC)
EHIFEHEF/FRS (OBC)

Basic Architecture and Advantages

EARRWEIA
DC+
L1
L2 = o = =
=32 mput || AC PFC/DC || pc/pc
N Filter DC Link Cap DC-
PE - -

Control Unit

CAN

On Board Chargers are used for Level 1 and 2 Charging Stations that provide a connection to the AC Grid

FHFEUBRAT ISR AUMITIERES 1 %0 2 2i3E hih

Charging functionality is built into an On Board Charger which provides all functionality for converting AC to DC as well as controlling the charging
process in a battery friendly way

FEHLTHREME U - i FE LRI, ALTE A AR IR BT B I AL 1 LR LAl St R 07 80 05 SR FE L IR MR R Th AR

AC charging is quite cost efficient and provides no or only minor adjustments to the available electrical infrastructure at home or in the public space
ZRFE LR BERAME, MRPH LR AR LR LEREHARFRIAGAEER

AC Supply ranges from 110VAC (1 Phase) up to 480VAC (3 Phase), depending on region, DC Output is typically in the range of 300VDC to 400VDC
and higher

R HUGEH M 100VAC (148) BI5X 480VAC(=48), BVATARTEME ; T FtHi i@ % 7E 300VDC ¥ 400VDC 2], h HFHEER

¥ Littelfuse
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On Board Charger System (OBC)
EHIFEHB/HRL(0BC)

Protection Needs

BB

AC DC+
L1 [~
T 3 @
o2 mput || AC PFC/DC DC/DC
@ Filter oc Link Cap oe.

Control Unit
OBC can (&)

AC Input Line(s) — Require Fuses for Over High Voltage DC Link — Requires Fuses for Over
@ Current Protection @ Current Protection

T AL - WMERE AT R R B IEE AT - BEERL T R &R

AC Input Line(s) — Require MOV (and GDT) for High Voltage DC Link — MOVs for Over Voltage
@ Transient Protection @ Protection )

AL — TE MOV (1 GDT) it TER &R " B IEE T — A MOV i 4Tid di LR

DC Link Capacitors and IGBT Over CAN Bus — ESD and Transient Protection
@ Voltage Protection required

BT LB IGBT i IR CAN ¢k — TREil4T ESD FIBR LRI
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On Board Charger System (OBC)
EHIFEHEF/FRS (OBC)

Protection Needs — Details
FRIFHE R — V4R

® ® o6

€

| e
ARARLR
' J DC
* o B i
L _d\p._Ti
" | * ) ®
AC Input Line(s) Fuses:
3E R AR 22
Requires Automotive Grade Fuses for Over Current Protection that can comluct hlgh currents (e.g. 16A, 32A) at voltages up to
250VALC single phase; high interrupt rating and ability to wi i and thermal cycles are key.
FENEE M X 250VAC (LH8) HLIE T 44 58 7 (3016A, m}mﬁﬁ-ﬁﬁﬁﬁﬁﬂﬁhﬂlﬁﬁﬂ.ﬁ-ﬂ* G P B e R (M R R A R
FHHETRENRRR.
AC Input Line(s) Transient Protection:
A B R
Due to the direct connection to the power grid transient (8/20us) protection with MOVs and GDTs is required; the MOVs used need to
work at elevated temperatures (125° C) and need to offer AC line working voltages. AEC-Q200 approval is a must have.
HFSHFEEEE HEER MOV i GOT #THREE( 6/20ps) FAN MOV RERSEFAMOEM (125" CIEHTIE HARE
R R M T (g . AEC-Q200 bR\ AT R A0,
] L
/4 Littelfuse
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On Board Charger System (OBC)
IR FHR S (0BC)
Protection Needs — Details 2
Ly S At 4
RA TR — VEAH LR 2
DC

AC ]
| T)_@ @ H
_|

t4 -

DC Link Capacitors and IGET Over Voltage Protection

[ R

W 1B IGBT i E R

DC Link Capaciter Protection: Even though DC Link Capacitors are intended to filter certain transients they still might need

protection in certain cases; fast acting Auto Grade TVS Diodes can protect these costly parts

gﬁﬁﬁgg:gﬁmﬂﬁiﬁﬁﬁﬂiSEEﬂﬁﬁzmﬂﬁ FERENRTFAREABERP BN AN LS TVS ZREMEY
g

IGBT Gate Overvoltage Protection: IGET Gate requires protection for Over Voltage Spikes; in former times Zener Diodes were
used but these do not provide the same advantages as TVS Diodes like fast response, higher surge capability and better
reliability.

IGBT [Tl IR R IGBT MNE\E il KR TR I R ANRFH_RE, BRE(XTHRHES TVS ZRERRME
4, 0t ERARFAEOIERS AR,

IGBT Caollector Emitter Inrush and Overvoltage Protection: Stacked TVS Diodes allow to protect the C-E high voltage side of
IGBTs from harmful inrush and Over Veoltage Transients

IG;T&%%%ZEH*&E&WHELKRF‘:Eﬁiiﬁﬂ’ﬁt TVS ZRER LI IGBT & C-E M ERMITRY. 2R FREMLH
i -5

1607
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On Board Charger System (OBC)
EHIFEHEF/FRS (OBC)

Protection Needs — Details 3

#1'%

VEANUBA 3

DC/DC

DC+

Control Unit

CAN BUS

®

PE

z
:

¥ Littelfuse
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High Voltage DC Link Over Current Protection: Helps to clear
dangerous short circuit conditions that can be caused due to faults in
the OBC or Battery Pack or by external events like a car accident

& EE A L R BT HMRE - T LR s it 2 A R ek ot
BRI (304 5) T =T RE 5 ELBOfE [ A0S RN R

High Voltage DC Link Over Voltage Protection: Clears overvoltage

transients that can be introduced by switching actions (hot plug) or that
are introduced by other systems of the car
BB R R SR RRIF X 204 (IS AT S | EME RS M R
fth T 5 BT 5 2R H B

CAN Bus — ESD and Transient Protection:
CAN f1.2k — ESD FER {17
The OBC communicates via CAN Bus with other systems like the BMS.

In the densely packed environment of a car CAN lines can be subjected
to overvoltage stress caused by ESD (e.g. during assembly &
maintenance) or other transients introduced from other car systems via
coupling or via conduction.
FALFEHLEREIS CAN AL 5 Rith R (it WE RS0 H4THIE. EF
AR H P, CAN LipEElR ESD (FEAEFRMIT) HEMSE LR
Sl FRE 1L TS A R AR YR SR IR A,

L L1
PROTECT | CONTROL | SENSE 0 Confidential and Proprietary to Littelfuse. Littelfuse, Inc. © 2016

On Board Charger System (OBC)
EHIEH /RS (0BC)

Littelfuse Protection Portfolio — Selection Criteria

DR AERIN - e bt

AC Input
Line(s) Fuses

ZE T AL R 2

- Operating Veoltage up to
275VAC
~TiFHL RS 275VAC

= Operating Current 504
~IHEHAD 50A

= High Interrupt Rating of 10kA
~10KAR 7 BUE SPBF HLR

= Form Factor 10x38mm with
different mounting options:
board mount, blade, bolt down,
inline cable

fARE# 10X38mm, RATE
HIRFIEIF W, T
=, RIS

= Automotive Grade: Following
1S08820-8 Requirements being
able to cope with temperature
cyeling, vibration and surge
fransients

<M F S 1S08820-8 BR,
gzﬁiiﬁlﬁﬁﬂ?. RsV R

A Littelf

AC Input Line(s) Transient
Protection

B A LR R

High Voltage DC Link Over
Current Protection
BT T

DC Link Capacitors and
{eBFOvervoltage
Protection

BN B IGBT il

IERA

= Voltage range of TVS depends on
TVS series, ranges from 5V to 85V
, higher stand off voltages

= Operating Voltage range of HMOV
from 14VDC up to 825VDC and
11VAC to 625VAC addresses
complete voltage range seen in most
automative applications (like OBC)
*HMOV BT #E i 55 HIFE 14VDC 3|
MiX 825VDC B 11VAC B 625VAC
20, EEAS M N AR S
HE3EMH (30 OBC)

= 10, 14 and 20mm Disc Sizes with
Surge Capability up to 10000A
(8/20ps)

+10. 14 1 20mm &X/0, RARED®
i 10000A( 8/20ps)

« Double Layer coating provides high
electrical isolation capability of
2500V

ST R 2500V A% A e
A

«Max operating temp 125° C
BATERE 125" C

= AEC-Q200 qualified

~F& AEC-Q200 RENER

= Certified acc. to IEC 60950-1
(Annex Q) and UL1449

14 IEC 609501 (i Q) R
UL1449 FREikiE

can be realized by putting several
diodes in series

<TVS p EESE IR T TVS &3,
7E 5V Bl 85V 20, il BEE T
4B T L 4 1R Ml L

= Power requirements depend on
transient environment

HEBEERIUATFEREHR

« LF offers 600W (TPSMAGL ,
TPSMB), 1500W (TPSMC) and
3000W (TPSMD) Diodes

« IR 600W (TPSMABL.
TPSMB). 1500W(TPSMC) #1
3000W (TPSMD) =%

+ AEC-Q101 qualified, PPAP
available

« AEC-Q101 ¥k &#E, PPAP WA

+ Small Formfactor like TPSMAGL
(Low Profile 600W Diode)

<3, 30 TPSMAGL ({ERIEE s00W
—RE)

« Max operating temp 150° C or
175" C

<BATIERE 150 2 175 &

Expertise Applied | Answers Delivered

TPSMD Series

3

igh Vol
Current Protection

@ B IR B R

29

CAN Bus — ESD and

CAN §1£; — ESD 1 BB {3
i

®

= Dperating voltage up to 450VDC
~IiFHIERS 450VDC

= Low current fuse ratings 10A to
30A, 40A (425VDC)

B R R L BRI 10A E 30A,
40A(425VDC)

= Medium current ratings 60A to
1254

- L R (I 60A Z 125A

= High current ratings 150A to 250A
0 L EE (L 150A F 250A

= Form Factors 10x38, 42x20, 52x30
~RE{REM 10x38, 42x20, 52x30

= High Interrupt Rating of 10kA

7 ch B e EE (T 10k

= Various mounting options: board
mount, bolt down, blade, inline
cable

FREMEREH R, AR, &
. AR

* LF recommended. OHEV Series
({available) Medium / High Current
Versions under development

~hIERE: OHEV F5 (TT4) chiE/m
RN EE R Rt

« Following ISO8820-8
Requirements

354 1S08820-8 IR ER

= Typical operating voltage of
CAN Bus protectors is 24V
<CAN BERIPEMMBI T fEd
54 24v

= Power rating between 200W to
S500W

-SETHIETE 200W E 500W 2
@

+ ESD Contact Capability of
30kV recommended

<RiLE ESD MDA
30kV

= Low capacitance between 11
to 30pF

~11E30pFREHERE
* AEC-Q101 qualified
-F & AEC-Q101 BRER

= Small Formfactor Packages
S0D882 or S0T23-3 (2
channels)

«RSH R E SOD8s2 5
50T23-3(2 i)

*LF recommended: SM24CANA,
SM24CANB, SPHV-C Series

~HHEHEEE  SM24CANA,
SM24CANB. SPHV-C ®57
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Summary and Conclusion

HANE B4

The Market for Vehicles using any kind of electric, battery powered drive system with voltages equal or higher than 48V is
expected to grow double digit in the next years

FENLE, RRAWEFEFRATF 48V BYEAE Lith 20 0 Al R 0I5 4 89 17 il H i H B PR AL S i<

Lithium based battery technology will be the basis for any kind of XEV Vehicles, besides its advantages of power density and
charging cycle life it requires high efforts in monitoring and protection

B A RATAI B LB R Rl PR T S R BT Fep LU, INFRD EERA RS D
Battery Management Systems in xEV Vehicles are highly complex and mission critical systems that need properly placed and
selected protection components for overvoltage and short circuit protection

AR MRS R U SR RS IR R E £ AN 5 X MRS, FERHOL A ERKE R ST TIE d R B R

Electronic Fuses for usage in Vehicle Systems like BMS Sense Line Protection need to be selected carefully and should be able
to pass reliability testing following the AEC-Q guidelines; consultation with fuse experts from LF is essential

FEF UL E B R G L RFARRIN N MR AP EAM L FRIC 2 REEERSE, FNAE BT IRE AEC-Q AN 1T SEfE
W B NFHRG L EREFLEN

On Board Charger Systems provide a cost efficient charging solution from the standard AC power grid, matching specific needs
of the various battery architectures

FIRFEUBRRGIRE T —HMIAE AC HRIHTIE LM BB RARSMRRA R, MR T &R ERMRETR

On Board Charging Systems link closely with the BMS system of a Vehicle and require also a high level of short circuit and
overvoltage protection for AC as well as DC power systems, meeting Automotive Grade Reliability Expectations in terms of
temperature, vibration and transient robustness

FHRFEURGESEMALNERRSRBER, RANFEENTRMERURRS TG KFEERML WL RP, DERE. iR
EFIBE R E A E R R A R T
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Thank you for your attention! Any questions?

RORIERYRIE! Ao ?
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