WA Littelfuse

Expertise Applied | Answers Delivered

Off-highway
Electric Vehicle Solutions

Transportation

)

&

Users must independently evaluate the suitability of and test each product selected for their own specific applications. It is the User’s sole responsibility to determine fitness for a
particular system or use based on their own performance criteria, conditions, specific application, compatibility with other parts, and environmental conditions. Users must
independently provide appropriate design and operating safeguards to minimize any risks associated with their applications and products. Littelfuse products are not designed
for, and may not be used in, all applications. Read complete Disclaimer Notice at littelfuse.com/disclaimer-electronics. /
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Off-highway electric vehicles share similar architecture

Agriculture
vehicle

Mining truck
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Off-highway electric vehicle market trends and drivers

Market trends and drivers Rapid growth at ~21.2% CAGR

The off-highway electric vehicle market size was estimated at USD 5.48
billion in 2019 and is expected to grow at a CAGR of 21.2% from 2020
to 2027. 30

Off-highway Electric Vehicle Market

Pursuing electrification of off-highway vehicles promises less fuel 2

consumption and long-term cost savings because of less maintenance.
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Aggressive steps toward minimizing emissions and ventilation costs in
underground mining, stringent emission regulations by government
agencies, and increase in infrastructure spending by various governments

are some of the reasons driving the demand for off-road electric vehicles.
The off-highway electric construction vehicle segment accounted for the °
largest revenue share of around 38.2% in 2019. The agricultural segment
is projected to grow at a CAGR of 22.3% from 2020 to 2027. 0
2019 2020 2021 2022 2023 2024 2025 2026 2027

Year

Billion $
&

=
o

The North America region accounted for the largest revenue share of
42.7% for the market in 2019. The Asia Pacific region is projected to
expand at the highest CAGR of 34.4% from 2020 to 2027.

Source: Grand View Research, MarketsandMarkets
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https://www.grandviewresearch.com/industry-analysis/off-highway-electric-vehicle-market#:~:text=b.-,The%20global%20off%2Dhighway%20electric%20vehicle%20market%20size%20was%20estimated,USD%204.5%20billion%20in%202020.&text=The%20global%20off%2Dhighway%20electric%20vehicle%20market%20is%20expected%20to,USD%2017.4%20billion%20by%202027.
https://www.marketsandmarkets.com/Market-Reports/off-highway-electric-vehicle-market-129288251.html

Littelfuse solutions for off-highway electric vehicles

1 Onboard charger

® Fuse ® Si/SiC MOSFET ® TVS Diode ® Gate Driver
® MOV + SIDACtor® @ Gate Driver ® TVS Diode Array @ Diode

® GDT ® TVS Diode ® Si/SiC MOSFET

® IGBT ® TVS Diode Array

2 Battery + BMS*

5 Traction motor inverter

® Fuse ® Contactor relay ® Fuse ® |GBT '

® TVS Diode ® NTC
® TVS Diode Array

® TVS Diode ® |GBT Module
® TVS Diode Array @ Gate Driver

6 Junction Box

3 12V Battery + PDU**

® High-current Fuse ® Fuse
® Fuse Box ® HVDCT Contactor Relay
® DC Power Distribution Module ® Power Distribution Module

® Battery Disconnect Switch

* BMS: Battery Management System
** PDU: Power Distribution Unit

% lilte"llse@ + HVDC: High Voltage Direct Current
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@  Click on the product series in
the table below for more info

Off-highway electric vehicle powertrain arch_ite»ctUrej

Charging cord

Onboard
charger

12 V battery

+ PDU

DC/DC

converter

| Electric
PTO motor

Battery pack = PTC
+BMS ﬁ heater
| = I = ﬁ‘ 1
e o IR
Junction Electric
box PTO motor

Legend:

Low/High-voltage DC
- AC input voltage
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BMS: Battery Management System
PDU: Power Distribution Unit

PTO: Power Take-off

PTC: Positive Temperature Coefficient

Technology Product series
AC Fuse LC HEV 50A, HC10EV¥,
DC Fuse 526*, 527*, HC1OEV*
Mega®70 V, MIDI 70V
MOV AUMOV
SIDACtor® PxxxOFNL
GDT CG2, CG3
1 TVS Diode TPSMB, TSF;slnS/ﬁ,Bsmsmc,
TVS Diode Array AQ24CANA

IXD_6xxSl,_IX442X IX4340NE,

Gate Driver IX4351NE
Si MOSFET or X Class, X2 Class
SiC MOSFET LSICIMOXX
IGBT Planar, Trench
DC Fuse or SHEV, HC20EV, HC10EV*
Specialty Power Fuse CNNE, JLLS
SMD Fuse 438A, 441A,
. TPSMB, TPSMC, SZ1SMC,
2 TVS Diode SoaE
TVS Diode Array AQ24CANA
HVDC Contactor Relays BCNEV, DCNLEV
NTC KC, LC, Custom Assembly.

* Please contact Littelfuse associates for details
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https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-voltage-fuses/lc-hev-50a.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/mega-70v-sf51.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/midi-70v.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/varistors/radial-leaded/aumov.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOV
https://www.littelfuse.com/products/sidactor-protection-thyristors/high-exposure-surge-protection/pxxx0fnl.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=SIDACTOR
https://www.littelfuse.com/products/gas-discharge-tubes/medium-to-high-surge-gdt/cg-cg2.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=GDT
https://www.littelfuse.com/products/gas-discharge-tubes/high-voltage-gdt/cg3.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=GDT
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smcxxa.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/home/pdfs.nsf/www/IX4351NE.pdf/$file/IX4351NE.pdf
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x2-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=SiC+MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/planar.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=IGBT
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/planar.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=IGBT
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-voltage-fuses/hc-shev.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-voltage-fuses/hc-20ev.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/specialty-power-fuses/lift-truck-fuses/cnne.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/industrial-power-fuses/class-t-fuses/jlls.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/aecq-compliant/438a.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/aecq-compliant/441a.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smcxxa.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNEV&t=SeriesTab
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNLEV&t=SeriesTab
https://www.littelfuse.com/products/temperature-sensors/leaded-thermistors/epoxy-coated-thermistors/miniature-kc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=NTC
https://www.littelfuse.com/products/temperature-sensors/leaded-thermistors/epoxy-coated-thermistors/miniature-lc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=NTC
https://www.littelfuse.com/products/temperature-sensors/thermistor-probes-and-assemblies.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=NTC

Click on the product series in
the table below for more info

@

Features and benefits of Littelfuse products

Technology Function in application Series Benefits Features
AC Fuse AC input protelc.tlon from short circuit and LC HEV 50A, HC10EV*, Proy|des safe.ty protection in high-voltage Bolt_d_own form factor; high breaking capacity;
overload condition e environments; full range fuse qualified to 1ISO 8820 standard
DC Fuse DC output protection from short circuit and 526%, 527*, HC10EV* |Guarantees safe interruption at any voltage; ideal |Automotive bolt-down fuse; high interrupt rating; operating
overload condition Mega®70 V, MIDI 70V |for battery protection temperature -40 °C to 125 °C; low open-state resistance
MOV+ Protection from lightning and system AUMOV Provides lower clamping voltage; ensures the Wide range of surge current ratings, disk sizes, and lead options
SIDACtor® transient surges PxxxOFNL reliable performance; no wear out Compact design; semiconductor-based solution
GDT Ensures electrical isolation between L-N-G CG2,CG3 Safety to the system with high isolation Rugged, low leakage current
TVS Diode Protects semiconductor products from transients TPSMB, TPSMC, Enables compact design; improves system 600 W peak pulse power capability; excellent clamping capability;

SZ1SMC, SZ1SMB

reliability

small footprint

TVS Diode Array

Protects CAN Bus from ESD, EFT, and
voltage transient

AQ24CANA

Ensures reliability of the equipment without
performance degradation

AEC-Q101 qualified; meets ESD protection levels specified under
safety standard; low leakage current and clamping voltage

IXD_6xxSl, 1X442X

Ultra-fast turn-on and turn-off of MOSFET;

1.5 A to 30 A peak source/sink drive current; wide operating voltage

IX4340NE extremely robust device range; -40 °C to +125 °C; low propagation delay times
Gate Driver Efficient switching of MOSFETs and IGBTs - X P Y .u . v P g W propagat i ; .
IXA351NE Minimizes switching losses; ultra-fast switching Internal charge pump regulator for selectable negative gate drive
e speeds; eliminates the need for separate supply | bias; protection features (UVLO detection and thermal shutdown)
Si MOSFET or X Class, X2 Class . - . . Ultra-low on-resistance Rps(on) and gate charge Qg;
. . High efficiency; high power density; easy to mount
SIC MOSFET Switches the charge/discharge cycles based on LSICIMOxx 9 y. high p Y 4 dv/dt ruggedness
controller feedback i Hard-switching capability; high power density; Low Vcesar, low Eon/Eofr; high surge current capability; positive
IGBT Planar, Trench - . . . - -
low gate drive requirements thermal coefficient of Vcesar; short circuit capability
. . N SHEV, HC20EV, ) L Bolt down form factor; fast-acting; high breaking capacity;
DClFuse or Short gerU|t protection and overload circuit ~ HC1O0EV* Proy|des safety protecnon in h|gh-voltage qualified to ISO 8820 standard
Specialty Fuse  protection environments; quicker reaction time S - ]
CNNE, JLLS High interrupt ratings; compact size
SMD Fuse Sense line protection 438A, 441A, Exlcellgnt. temperature §tab|l|ty and performance | Tested to new AE(;Q specifications; fast response to fault current;
T reliability; compact design surface mount device
. . P 5 AEC-Q101 qualified; meets ESD protection and in-vehicle transient
TVS Diode Protects from large current transients in TPSMB, TPSMC, Lowest qualification effort; ensures system surge requirement as defined under IEC and 1SO safety standards:

hot-swap application

SZ1SMC, SZ1SMB

reliability

excellent clamping capability

TVS Diode Array

Protects CAN bus from ESD, EFT, and
voltage transient

AQ24CANA

Ensures reliability of the equipment without
performance degradation

AEC-Q101 qualified; meets ESD protection levels specified under
safety standards; low leakage current and clamping voltage

HVDC Contactor
Relays

Connect disconnected battery from main circuitry

DCNEV, DCNLEV

Allows a low-voltage signal to switch the contacts
for a high-voltage signal

Wide range of capabilities—can switch from tens of amperes to
thousands of amperes, and tens of volts to thousands of volts

NTC

Temperature monitoring of battery pack during
charging and discharging cycles

KC, LC, Custom
Assembly

Provides accurate temperature reading to enable
safe device operation

Custom solutions; small form factor; fast thermal response

@A Littelfuse
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* Please contact Littelfuse associates for details
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https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-voltage-fuses/lc-hev-50a.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/mega-70v-sf51.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/midi-70v.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/varistors/radial-leaded/aumov.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOV
https://www.littelfuse.com/products/sidactor-protection-thyristors/high-exposure-surge-protection/pxxx0fnl.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=SIDACTOR
https://www.littelfuse.com/products/gas-discharge-tubes/medium-to-high-surge-gdt/cg-cg2.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=GDT
https://www.littelfuse.com/products/gas-discharge-tubes/high-voltage-gdt/cg3.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=GDT
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smcxxa.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/home/pdfs.nsf/www/IX4351NE.pdf/$file/IX4351NE.pdf
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x2-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=SiC+MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/planar.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=IGBT
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/planar.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=IGBT
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-voltage-fuses/hc-shev.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-voltage-fuses/hc-20ev.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/specialty-power-fuses/lift-truck-fuses/cnne.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/industrial-power-fuses/class-t-fuses/jlls.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/aecq-compliant/438a.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/aecq-compliant/441a.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smcxxa.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNEV&t=SeriesTab
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNLEV&t=SeriesTab
https://www.littelfuse.com/products/temperature-sensors/leaded-thermistors/epoxy-coated-thermistors/miniature-kc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=NTC
https://www.littelfuse.com/products/temperature-sensors/leaded-thermistors/epoxy-coated-thermistors/miniature-lc.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=NTC
https://www.littelfuse.com/products/temperature-sensors/thermistor-probes-and-assemblies.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=NTC

@  Click on the product series in
the table below for more info

Off-highway electric vehicle powertrain arch_ite»ctUrej

Onboard
charger

12 V battery

+ PDU

converter H heater
N - — i I ““ |
i ' Hirsr—
| . ' _
il Electric | Junction Electric
B PTO motor \ box PTO motor

‘ Traction motor |
inverter

Legend:

Low/High-voltage DC
- AC input voltage
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BMS: Battery Management System
PDU: Power Distribution Unit

PTO: Power Take-off

PTC: Positive Temperature Coefficient

Technology Product series
Ignition Switch 95060
High-current Fuse ZCase
Fuse Block FHZ
TVS Diode SLD8S
DC Power

Distribution Module

HWB60, HWB18

Manual Battery
Disconnect Switches

08010100, 08099100

TVS Diode Array

AQ24CANA

TVS Diode TPSMB, SZ1SMB, SZP6SMB
Gate Driver IXD_6xxSI, 1X4340NE, IX4351NE
X Class, X2 Class, LSIC1MOxx
s X Class, X2 Class,
Si/SiC MOSFET —LSICl—MOXX
Diode DSEP, LSIC2SD, DHG
TVS Diode Array AQ24CANA
TVS Diode TPSMB
Gate Driver IXD_6xxSl, IX4340NE, 1X4351NE

Discrete IGBT
(1200 V, 150 A)

Trench XPT™ , Planar

IGBT Module
(1200 V, 450 A)

MIXA450PF1200TSF

DC output Fuse

526*, 527*, HC10EV*
Mega®70 V, MIDI 70V

HVDC Contactor Relays

DCNEV, DCNLEV

Power Distribution Module

MDB5

* Please contact Littelfuse associates for details

Littelfuse, Inc. ©2021 7



https://www.littelfuse.com/products/switches/ignition-switches/95060/95060.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Ignition%20switch
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/zcase.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuse-blocks-fuseholders-and-fuse-accessories/automotive-and-commercial-vehicle-fuse-holders/zcase-fhz.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse%20block
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sld8s.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode
https://www.littelfuse.com/products/dc-power-distribution-modules/hard-wired-pdm/hwb60.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Power%20distribution%20module
https://www.littelfuse.com/products/dc-power-distribution-modules/hard-wired-pdm/hwb18.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Power%20distribution%20module
https://www.littelfuse.com/products/switches/manual-battery-disconnect-switches/08010100.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Battery%20disconnect%20switch
https://www.littelfuse.com/products/switches/manual-battery-disconnect-switches/08099100.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Battery%20disconnect%20switch
https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/szp6smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20diode
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/home/pdfs.nsf/www/IX4351NE.pdf/$file/IX4351NE.pdf
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x2-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=SiC+MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x2-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=SiC+MOSFET
https://www.ixys.com/PartSearchResults.aspx?searchStr=DSEP&SearchSubmit=Go
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-schottky-diodes.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=SiC%20Diode
https://www.ixys.com/PartSearchResults.aspx?searchStr=DHG&SearchSubmit=Go
https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=xEV%20Powertrain&utm_campaign=TVS%20diode
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/home/pdfs.nsf/www/IX4351NE.pdf/$file/IX4351NE.pdf
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/trench.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=IGBT
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/planar.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=IGBT
https://ixapps.ixys.com/DataSheet/MIXA450PF1200TSF.pdf
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/mega-70v-sf51.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/midi-70v.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNEV&t=SeriesTab
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNLEV&t=SeriesTab
https://www.littelfuse.com/products/dc-power-distribution-modules/fuse-only-pdms/mdb5.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Power%20distribution%20module

Click on the product series in
the table below for more info

@

Features and benefits of Littelfuse products

Technology Function in application Series Benefits Features
- . Activates the main electrical systems for Stands up to mgchanlcal shock and vibration and will not Available in broad voltage range up to 48 V; made of rugged
Ignition Switch - 95060 corrode or rust; integrated Deutsch-type socket makes - . z
the vehicle X . : engineering grade plastic; UL tested
electrical connection quick and easy
Compact design when compared to a traditional solution; |, . . X i .
High-current Fuse |Overcurrent protection for the wire harness ZCase integration of the pre-fuse function into the main \s{\r/rlliﬁ ;ig?grirna:nge up to 600 A; voltage rating: 32 VDC;
junction box p
Fuse holder designed for primary high current Improved flexibility of design; wide variety of Mega range fuses (40-600 A) can be used in any location;
Fuse Block power distribution, usually paired with a ZCASE FHZ configurations possible; protects fuses from dust flexible bussing and configurable stud sizes;
3 shunt for the input and debris corrosion-resistant coatings
TVS Diode Load dump protection SLD8S Optimizes board space; lowest qualification effort; AEC-Q101 qualmed; small fv_;)otpnr_\t; meets _IEC standards for
ensures system reliability ESD protection and I1SO for in-vehicle transient surges
DC Power Hard-wired 12 V power distribution module Allows the user to customize their own circuitry; Uses MINI (280 style) circuit protection component; features
I protects and distributes current throughout HWB60, HWB18 easy to mount; multiple PDMs can be dovetailed together |/multiple cavities creating a high-density fuse module;
Distribution Module L - . . :
an application to expand circuit protection capacity compact footprint
Manual Battery . - Current rating 100-500 A; handle and contacts are designed
Disconnect Cuts off the connection peMeen abattery and 08010100, 08099100 Lowers the chance_s of the bf:lttery malfunctioning with a unique 360° C operation for activating the switch
. accessories that can drain it ——— '~ |and protects it against electrical fires and theft .
Switches ON/OFF; waterproof and dustproof
- ’ ] AEC-Q101 qualified; meets ESD protection levels specified
TVS Diode Array Protects CAN bus from ESD, EFT, and AO24CANA Ensures _rellablllty of the equipment without performance under safety standards: low leakage current and clamping
voltage transient degradation voltage
TPSMB. SZ1SMB AEC-Q101 qualified; meets ESD protection and in-vehicle
TVS Diode Gate driver protection ?3 GSW Lowest qualification effort; ensures system reliability transient surge requirement as defined under IEC and 1ISO
e safety standards; excellent clamping capability
IXD 6xxS| IX4340NE Ultra-fast turn-on and turn-off of MOSFET; 1.5A to 30A Peak Source/Sink Drive Current; wide operating
'~ |extremely robust device voltage range; -40°C to +125°C; low propagation delay times
4 Gate Driver Controls the switching MOSFETs R o X e . |Internal charge pump regulator for selectable negative gate
Minimizes switching losses; ultra-fast switching speeds; . . . J
IX4351NE Roetl drive bias; protection features (UVLO detection and thermal
eliminates the need for separate supply
shutdown)
Si MOSFET or X Class, X2 Class, (ST Tl ) e G S o, CEsy (@ T AEC-Q101 qualified SMPD packages; low on-resistance
SiC MOSFET | o o LSICIMOxx g y:ngnp heEsy Ros(on) and gate charge Qg
High-frequency switching and rectification
Diode DSEP, LSIC25D, Reduces switching losses; increases efficiency High surge capability; negligible Irg; Tj 175 °C

DHG
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https://www.littelfuse.com/products/switches/ignition-switches/95060/95060.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Ignition%20switch
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/zcase.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse
https://www.littelfuse.com/products/fuse-blocks-fuseholders-and-fuse-accessories/automotive-and-commercial-vehicle-fuse-holders/zcase-fhz.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Fuse%20block
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sld8s.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode
https://www.littelfuse.com/products/dc-power-distribution-modules/hard-wired-pdm/hwb60.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Power%20distribution%20module
https://www.littelfuse.com/products/dc-power-distribution-modules/hard-wired-pdm/hwb18.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Power%20distribution%20module
https://www.littelfuse.com/products/switches/manual-battery-disconnect-switches/08010100.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Battery%20disconnect%20switch
https://www.littelfuse.com/products/switches/manual-battery-disconnect-switches/08099100.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Battery%20disconnect%20switch
https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/sz1smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20DIode
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/szp6smb.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20diode
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/home/pdfs.nsf/www/IX4351NE.pdf/$file/IX4351NE.pdf
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-ultra-junction/x2-class.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=MOSFET
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx?utm_source=Spotlight&utm_medium=Off+Highway+EV&utm_campaign=SiC+MOSFET
https://www.ixys.com/PartSearchResults.aspx?searchStr=DSEP&SearchSubmit=Go
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-schottky-diodes.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=SiC%20Diode
https://www.ixys.com/PartSearchResults.aspx?searchStr=DHG&SearchSubmit=Go

Click on the product series in
the table below for more info

®

Features and benefits of Littelfuse products

Technology Function in application Series Benefits Features
A . . AEC-Q101 qualified; meets ESD protection levels specified
TVS Diode Array Protects CAN bus from ESD, EFT and AQ24CANA Ensures reliability of the equipment without under safety standards; low leakage current & clamping
voltage transient performance degradation voltage
. . S AEC-Q101 qualified; meets ESD protection and in-vehicle
TVS Diode Activates clamping TPSMB Excellent clamping capability; meets transient surge requirement as defined under IEC and ISO

(Active clamping)

automotive standards; fast response time

safety standards; excellent clamping capability

IXD_6xxSI, IX4340NE

Ultra-fast turn-on and turn-off of MOSFET;

1.5 A to 30 A Peak Source/Sink Drive Current; wide operating

5 extremely robust device voltage range; -40 °C to +125 °C; low propagation delay times
Gate Driver | Controls the switching of IGBTs Minimizes switching losses; ultra-fast Internal charge pump regulator for selectable negative gate
IX4351NE switching speeds; eliminates the need for drive bias; protection features (UVLO detection and thermal
separate supply shutdown)
Discrete IGBT Trench XPT™  Planar Hard-switching capability; high power density; |Low Vcesar; low Eon/Eoff; high surge current capability;
(1200 V, 150 A) ) o —— """ |low gate drive requirements positive thermal coefficient of Vcesar; short circuit capability
—IGBT Modul Switches applications Short circuit rated for 10 | "
odule ort circuit rated for 10 usec; low gate . ) h
(1200 V, 450 A) MIXA450PF1200TSF charge; low EMI and competitive low Veesan Rugged XPT design with thin wafer technology
DC output Fuse Short circuit protection and overload circuit 526*, 527*, HC10EV* Provides safety protection in high-voltage Bolt down form factor; fast-acting; high breaking capacity;
p protection Meoa®70 Vv, MIDI 70V |environments; quicker reaction time qualified to 1ISO 8820 standard
HVDC Contactor Protects the electrical loads operated DCNEV. DCNLEV Allows a low-voltage signal to switch the Ygﬁ%;@gﬂzgzﬁ;’?bggf ;n‘;atr:asgg‘;zg:’g;iﬂig;ﬂgeres
6 Relays through the battery ~— '~ |contacts for a high voltage signal P !

of volts

Power Distribution
Module

Main power distribution module protects and
distributes current throughout an application

Robust solution for high corrosion
environments

Capability to handle fuse ratings from 23-500 A and voltages
up to 70 V; full range of fuses for applications from
12 V-48 V+; user choice of sealing options

@A Littelfuse
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https://www.littelfuse.com/products/tvs-diode-arrays/automotive-qualified/aq24cana.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=TVS%20Diode%20Array
https://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs/tpsmb.aspx?utm_source=Spotlight&utm_medium=xEV%20Powertrain&utm_campaign=TVS%20diode
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
http://www.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.ixysic.com/home/pdfs.nsf/www/IX4351NE.pdf/$file/IX4351NE.pdf
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/trench.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=IGBT
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/planar.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=IGBT
https://ixapps.ixys.com/DataSheet/MIXA450PF1200TSF.pdf
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/mega-70v-sf51.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/automotive-passenger-car/high-current-fuses/midi-70v.aspx?utm_source=Spotlight&utm_medium=Off-highway%20Electric%20Vehicles&utm_campaign=Fuse
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNEV&t=SeriesTab
https://www.littelfuse.com/search-results.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=HV%20DC%20Contactor%20relay#q=DCNLEV&t=SeriesTab
https://www.littelfuse.com/products/dc-power-distribution-modules/fuse-only-pdms/mdb5.aspx?utm_source=Spotlight&utm_medium=Off-highway%20EV&utm_campaign=Power%20distribution%20module

Additional information can be found on Littelfuse.com

Explore the world of Littelfuse with the Electronics eCatalogs (http://electronicscatalogs.littelfuse.com/)
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http://electronicscatalogs.littelfuse.com/
http://cdn2.hubspot.net/hubfs/455238/CVP-The_Top_5_Things_You_Need_to_Know_About_Working_with_Littelfuse_Commercial_Vehicle_Products.pdf?__hstc=248160920.f238f03e0652f711d18ab1c1c63f9164.1606394022863.1614700320156.1614804559725.24&__hssc=248160920.1.1614804559725&__hsfp=1698217994&hsCtaTracking=edac15b4-1d7e-4f10-bf66-d3f4349e381f%7C0ed435a9-6592-470a-9da3-a7355ee4db07
https://www.littelfuse.com/~/media/commercial-vehicle/catalogs/littelfuse-aftermarket-catalog-cvp150.pdf?la=en
http://electronicscatalogs.littelfuse.com/psg
https://www.ixysic.com/Index/graphics/ProductCatalog.pdf
https://electronicscatalogs.littelfuse.com/Power-Semiconductor-Selection-Guide/C1/
https://www.littelfuse.com/~/media/commercial-vehicle/brochures/littelfuse-commercial-vehicle-pdm-brochure?hsCtaTracking=85e87de6-21a9-41d7-9dc5-e8b0183a8717%7C159fcfac-9ca9-4ed1-a788-a09c94571d07
https://info.littelfuse.com/relays-brochure
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Partner for tomorrow’s electronic systems

BROAD

PRODUCT PORTFOLIO

An industrial technology manufacturing
company empowering a sustainable,
connected, and safer world

APPLICATION

EXPERTISE

Our engineers partner directly with
customers to help speed up product
design and meet their unique needs

Safety

GLOBAL
CUSTOMER SERVICE

Our global customer service team is
with you to anticipate your needs and
ensure a seamless experience

@A Littelfuse
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B Litteliuse "~

y U

COMPLIANCE AND
REGULATORY EXPERTISE

We help customers in the design
process to account for requirements
set by global regulatory authorities

TESTING
CAPABILITIES

We help customers get products to

market faster. We offer certification
testing to global regulatory standards

GLOBAL
MANUFACTURING

High-volume manufacturing that is
committed to the highest quality
standards

Littelfuse, Inc. ©2021 12



This document is provided by Littelfuse, Inc. (“Littelfuse”) for informational and guideline purposes only. Littelfuse assumes no liability for errors or omissions in this document or
for any of the information contained herein. Information is provided on an “as is” and “with all faults” basis for evaluation purposes only. Applications described are for illustrative
purposes only, and Littelfuse makes no representation that such applications will be suitable for the customer’s specific use without further testing or modification. Littelfuse
expressly disclaims all warranties, whether express, implied or statutory, including but not limited to the implied warranties of merchantability and fitness for a particular purpose,
and non-infringement. It is the customer’s sole responsibility to determine suitability for a particular system or use based on their own performance criteria, conditions, specific
application, compatibility with other parts, and environmental conditions. Customers must independently provide appropriate design and operating safeguards to minimize any
risks associated with their applications and products. Read complete Disclaimer Notice at littelfuse.com/disclaimer-electronics.
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http://littelfuse.com/
http://www.littelfuse.com/disclaimer-electronics

