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Agenda
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ÁCriticalDevicein PowerSwitch
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Littelfuse: over 90 years of serving global customers

Á Foundedin 1927

Á Preferred brand in circuit protection, 
with growing platform in power control & sensing.

Á Enhance safety, reliability and performance of 
ƻǳǊ ŎǳǎǘƻƳŜǊǎΩ ǎȅǎǘŜƳǎ ǘƘŀǘ ǳǎŜ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ 

Á Global sales in over 150 countries, 
manufacturing & engineering in over 50 countries

Á $1.7 billion of annual sales in 2018

Á 12,000+ dedicated and innovative employees

Á Headquartered in Chicago, IL, USA

$531M

$1.7B
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Track record of technology and product innovation

$1.7B*$667M$371M

2012-2019
Expansion to solutions in
Protect ςControl ςSense

Á Accelerate organic growth + 
strategic acquisitions

Á Accelerate power control 
growth

Á Double sensor platform

2000-2012
Global leader 
in circuit protection

Á Organic innovation + 
strategic acquisitions

Á Leadership in fuses and 
added over-voltage 
protection

Á Global footprint

1927-2000
Grew to global leader in 
electronics andautomotive fuses

Á Founded in Chicago in 1927

Á Introduced many innovative, industry-first 
technologies

Á Grew with automotive, space,
and electronics industries

* 2018 Revenue
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2012 - ACCEL AB
Products: Sensors, 
Switches
Markets: Automotive

2014 ςSymCom, Inc.
Products: Overload Relays, 
Pump Controllers, 
Time Delay Relays
Markets: Industrial

2016 ςCircuit Protection
Business of TE Connectivity Ltd.
Products: Resettable PPTC Fuses
Markets: Automotive, Battery, 
Industrial, Mobile Computing, 
Telecommunications 2016 ςSelect Product Portfolio 

of ON Semiconductor
Products: IGBTs, Switching 
Thyristors, TVS Diodes
Markets: Automotive, General Electronics

2018 ςIXYS Corporation
Products: Power semiconductors
Markets: Industrial, Automotive,
Datacenter & Cloud Infrastructure

2013 ςHamlin, Inc
Products: Sensors
Markets: Automotive, Appliances, 
Building Automation, Industrial

2015 ςSigmarSRL
Products: Sensors
Markets: Automotive & 
Commercial Vehicles

2016 ςaŜƴōŜǊΩǎS.p.A.
Products: Battery Switches, 
Trailer Connectors
Markets: Commercial Vehicles

2017 ςU.S. Sensor Corporation
Products: Temperature Sensors 
& Assemblies
Markets: Appliances, 
Building Automation, HVAC

2018 ςMonolith Semiconductor, Inc.
Products: Silicon Carbide 
Power Semiconductors
Markets: Power Electronics

Technology strength accelerated through acquisitions
Protect

Control

Sense
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Protection: helping make products safer & reduce TCO

Á Broadest protection technology portfolio with 
many industry-first solutions.

Á Independent testing capabilities to for 
compliance with industry and national 
standards including: UL, IEC, ITU, AEC-Q, and 
others.

Á Application knowledge to help our customers 
address functional requirements and regulatory 
compliance.

Fuses Polymeric PTCs GDTs

LED Protection MOV/MLV Thyristors

Polymer ESD
Surge Protection 

Module
TVS Diode/Diode 

Arrays

TCO: Total Cost of Ownership
PPTC: Polymeric Positive Temperature Coefficient
ESD: Electrostatic Discharge 
TVS: Transient Voltage Suppression

MOV: Metal Oxide Varistors
MLV: Multi-Layer Varistors
GDT: Gas Discharge Tubes

https://www.littelfuse.com/products/fuses.aspx
https://www.littelfuse.com/products/gas-discharge-tubes.aspx
https://www.littelfuse.com/products/led-protectors.aspx
https://www.littelfuse.com/products/varistors.aspx
https://www.littelfuse.com/products/sidactor-protection-thyristors.aspx
https://www.littelfuse.com/products/polymer-esd-suppressors.aspx
https://www.littelfuse.com/search-results.aspx#q=Surge%20Protection%20Module&t=SeriesTab&f:@ftechnology30330=[Surge%20Protection%20Module]
https://www.littelfuse.com/products/tvs-diodes.aspx
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Control: broad power semiconductors offering

Á Leading Silicon and SiCtechnologies spanning a 
wide range of power needs.

Á Broad offering of components & modules 
packaging options: standard and application-
specific.

Á Customer-centric focus: design, test, and 
application engineering support

Ignition IGBT 

IGBT Discrete
MOSFET 

SiC/Discrete

SiC/Si:
Schottky,FRED

Power ThyristorPower Modules

Solid State Relays Gate Drivers

High Power
(Stacks, Disc)

IGBT: Insulated-gate Bipolar Transistor
SSR: Solid State Relays

FRED: Fast Recovery Epitaxial Diodes
SiC: Silicon Carbide
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Sensing: standard and customized solutions

Á Comprehensive range of temperature and 
magnetic sensing technologies; portfolio of 
standard and custom products.

Á Recognized for highly reliable sensing solutions 
for use in automotive, appliance, industrial, and 
other applications.

Á Custom sensor design support: deep 
applications know-how, and magnetitic & 
mechanical modeling.

Reed Switch Hall effect sensors 
Custom sensor 

Magnetic

Custom sensor 
Temperature

RTDsNTCs

Digital Temperature 
LƴŘƛŎŀǘƻǊǎ ǎŜǘtϰ

Thermal Breaker

NTC: Negative Temperature Coefficient
RTD: Resistance Temperature Detector

PTC: Positive Temperature Coefficient  
RTP: Reflowable Thermal Protection

RTP Mini
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Global Footprint ςR&D, Manufacturing & Support

Americas
1. Chicago, Illinois, USA  (S)
2. Boston, Massachusetts, USA  (S, RD)
3. Champaign, Illinois, USA (RD)
4. Eagle Pass, Texas, USA  (S)
5. Lake Mills, Wisconsin, USA (S, RD)
6. Mount Prospect, Illinois, USA (RD)
7. Orange, California, USA (M)
8. Rapid City, South Dakota, USA (S, RD, M)
9. Fremont, California, USA (RD)
10. Troy, Michigan, USA (S)
11. Manaus, Brazil (S)
12. São Paulo, Brazil (S)
13. Saskatoon, Canada (S, RD, M)
14. Matamoros, Mexico (M)
15. Muzquiz, Mexico (M)
16. Piedras Negras, Mexico (RD, M)

Europe
17. Bremen, Germany (S, RD)
18. Essen, Germany (S)
19. Lauf, Germany (S)
20. Legnago, Italy (RD, M)
21. Ozegna, Italy (RD, M)
22. Kaunas, Lithuania (RD, M)
23. Amsterdam, Netherlands (S)
24. Deventer, Netherlands (S)

Asia
25. Beijing, China (S)
26. Dongguan, China (RD, M)
27. Hong Kong, China (S)
28. Kunshan, China (S, M)
29. Shanghai, China (S, RD, M)
30. Shenzhen, China (S)
31. Suzhou, China (S, RD, M)
32. Wuxi, China (RD, M)
33. Tokyo, Japan (S)
34. Tsukuba, Japan (RD, M)
35. Seoul, Korea (S)
36. Lipa City, Philippines (RD, M)
37. Singapore (S)
38. Chu-Pei, Taiwan (RD)
39. Taipei, Taiwan (S)
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Ultra Junction MOSFET(X)

IXYS X-Class 850V - 1000V Power MOSFETs with HiPerFETϰ
IXYSX-Class 850V-1000V Power MOSFETs with HiPerFETϰ ǿƛǘƘ Ŧŀǎǘ ōƻŘȅ ŘƛƻŘŜǎ 
are rugged devices that display the lowest on-state resistances in the industry. This 
enables avery high power density in high-voltage power conversion applications. 
Developed using the charge compensation principle and proprietary process 
technology, these devices exhibit low gate charges and superior dv/dt 
performance. In addition, thanks to the fast soft-recovery body diode, these ultra-
junction MOSFETs help reduce switching losses and Electromagnetic Interference 
(EMI).

FEATURES
Ultra low on-resistance RDS(ON) and gate charge Qgs
Avalanche-rated
Low package inductance
High power density
High efficiency
Fast body diode
International standard packages
dv/dt ruggedness
Easy to mount
Space savings

APPLICATIONS
Industrial switch-mode and resonant-mode power 
supplies
DC-DC converters
Electric vehicle battery chargers
Power Factor Correction (PFC) circuits
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Typical Circuit for X-series MOSFET(1/2)

The battery charger circuit that utilizes a half-bridge
asymmetrical forward converter topology. Commonly implemented 
on the primary side of 220VAC offline switch-mode power supplies, 
it consists of a primary rectifier, MOSFET gate driver, and half-bridge 
asymmetrical forward converter. Two 1000V Ultra Junction X-Class 
devices, IXFX52N100X (M1, M2), form the forward converter stage, 
enabling a highly efficient and reliable power conversion.

Demonstrates a generic high-current Tungsten Inert Gas (TIG) 
welding inverter. It is comprised of a rectification stage, power 
factor correction (PFC) circuit, micro controller, gate drivers, and 
power inverter. An AC input (185VAC-265VAC) is converted into 
a DC signal through rectification; it then goes through the PFC 
where its distorted current is reshaped to be in phase with the 
input voltage. It next enters the full-bridge inverter, made up of 
four 1000V X-Class MOSFETs (IXFN70N100X: M1, M2, M3, M4), 
to be converted back to an AC signal (typically ranging from 
30kHz to 50kHz) and applied to the load. The IX2120, a 1200V 
half bridge gate driver, can be used to drive the MOSFETs.
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Typical Circuit for X-series MOSFET(2/2)
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Typical Circuit for X-series MOSFET(2/2)
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Ultra Junction MOSFET(X2)
IXYS X2-Class 650V-700V Power MOSFETs with HiPerFETϰ
IXYS X2-Class 650V-700V Power MOSFETs with HiPerFETϰ ŀǊŜ ŘŜǎƛƎƴŜŘ ŦƻǊ ƘƛƎƘ-
efficiency and high-speed power switching applications. The Ultra-Junction X2-
Class MOSFETs offer low gate charge and excellent ruggedness with a fast intrinsic 
diode. These MOSFETs are available in many standard industrial packages including 
isolated types. Typical applications are switch-mode and resonant-mode power 
supplies, DC-DC converters, PFC circuits, AC and DC motor drives and robotics and 
servo controls.
The X2-class MOSFETs feature low ON-state resistance,low gate charge, and 
superior dv/dtperformance. These MOSFETs are developed using the charge 
compensation principle andproprietary process technology. The X2-class MOSFETs 
come with fast soft-recovery body diode that reduces the switching losses and 
Electro-Magnetic Interference (EMI).

FEATURES
Ultra low on-resistance RDS(ON)and gate charge Qg

Fast body diode
dv/dt ruggedness
High efficiency
High power density
Avalanche-rated
Low package inductance
International standard packages
Easy to mount
Space savings

APPLICATIONS
Industrial switched-mode and resonant mode 
power supplies
Electric vehicle battery chargers
AC and DC motor drives
DC-DC converters
Renewable-energy inverters
Power Factor Correction (PFC) circuits
Robotics and servo control
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Typical Circuit for X2-series MOSFET(1/2)
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Typical Circuit for X2-series MOSFET(2/2)
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IXT

IXF IXF

IXT
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Ultra Junction MOSFET(X3)

IXYS X3-Class 200V-300V Power MOSFETs with HiPerFETϰ
IXYS X3-Class 200V-300V Power MOSFETs with HiPerFETϰ ŀǊŜ ŀǾŀƭŀƴŎƘŜ-rated 
fast intrinsic diodes with N-channel enhancement mode. These MOSFETs 
feature low RDS(ON), low gate charge (QG), and high-power density. IXYS X3-Class 
200V-300V Power MOSFETs with HiPerFETϰ ǊŜƳƻǾŜ ƭŜŦǘƻǾŜǊ ŜƴŜǊƎƛŜǎ ŘǳǊƛƴƎ 
high-speed switching to avoid device failure.Typical applications include DC-to-
DC converters, power supplies,robotics, servo controls, and battery chargers for 
light electric vehicles.

FEATURES
High-power density
Easy to mount
Low RDS(ON)and QG

-55° C to 150° C temperature range
20Vgsand 2.5Vgs(th)

Avalanche capability
dv/dt ruggedness
Si technology
Low package inductance
Fast soft recovery body diode
International standard packages

APPLICATIONS
Battery chargers for light electric vehicles
Synchronous rectification in switching
Power supplies
Motor control
DC-DC converters
Uninterruptible power supplies
Electric forklifts
Class-D audio amplifiers
Telecom systems
Robotics and servo controls
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Typical Circuit for X3-series MOSFET
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IXT

IXF IXF

IXT
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Ultra Junction MOSFET(X4)
IXYS X4-Class 135V-150V Power MOSFETs
IXYS X4-Class 135V-150V Power MOSFETs are developed using a charge 
compensation principle and proprietary process technology. This technology 
results in Power MOSFETs with significantly reduced resistance RDS(on)and gate 
charge Qg. A low on-state resistance reduces the conduction losses; it also 
lowers the energy stored in the output capacitance, minimizing the switching 
losses. A low gate charge results in higher efficiency at light loads as well as 
lower gate drive requirements. These MOSFETs are also avalanche rated and 
exhibit a superior dv/dt performance. Due to the positive temperature 
coefficient of their on-state resistance, these MOSFETs can be operated in 
parallel to meet higher current requirements.

FEATURES
High-power density
Easy to mount
Low RDS(ON)and QG

-55° C to 150° C temperature range
20Vgsand 2.5Vgs(th)

Avalanche capability
dv/dt ruggedness
Si technology
Low package inductance
Fast soft recovery body diode
International standard packages

APPLICATIONS
Battery chargers for light electric vehicles
Synchronous rectification in switching
Power supplies
Motor control
DC-DC converters
Uninterruptible power supplies
Electric forklifts
Class-D audio amplifiers
Telecom systems
Robotics and servo controls
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SiC MOSFET Standard Package Portfolio

RDSON

(mɋ)
TO247-3L TO247-4L

TO263-7L 

(D2PAK)

TO268-2L

(D3PAK)

1200V 

160 LSIC1MO120E0160
LSIC1MO120G0160
Engr. Sample available

LSIC1MO120T160
Engr. Sample available

120 LSIC1MO120E0120
LSIC1MO120G0120
Engr. Sample available

LSIC1MO120T120
Engr. Sample available

80 LSIC1MO120E0080
LSIC1MO120G0080
Engr. Sample available

LSIC1MO120T080
Engr. Sample available

40
LSIC1MO120E0040
Engr. Sample available

LSIC1MO120G0040
Engr. Sample available

25
LSIC1MO120E0025
Engr. Sample available

LSIC1MO120G0025
Engr. Sample Q4 19

1700V 750 LSIC1MO170E1000
LSIC1MO170T0750
Engr. Sample Q3 19

LSIC1MO170H0750
Engr. Sample available

ÁTO247-3L : Most common

ÁTO247-4L : With Kelvin connection

Á TO263-7L : Surface mount with Kelvin 
connection

ÁTO268-2L : High creepage

ÁOther RDSONand voltages being developed

ÁBare die available on request.

ÁCompetitive performance and  price with best-
in-class delivery in market

ÁSamples available for evaluation

In production

In qualification.

http://www.littelfuse.com/~/media/electronics/datasheets/power_semiconductors/littelfuse_power_semiconductor_silicon_carbide_lsic1mo120e0120_datasheet.pdf.pdf
http://www.littelfuse.com/~/media/electronics/datasheets/power_semiconductors/littelfuse_power_semiconductor_silicon_carbide_lsic1mo120e0160_datasheet.pdf.pdf
http://www.littelfuse.com/~/media/electronics/datasheets/power_semiconductors/littelfuse_power_semiconductor_silicon_carbide_lsic1mo170e1000_datasheet.pdf.pdf
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SiC MOSFET Advanced Package Portfolio 

In production

In development

RDSON (mʍ TO268HV (D3 HV) T03-PFP TO247 HV SOT227  (MiniBloc) SMPD (phase leg) SMPD (boost)

900 V 10 mҠ MCB110I900TZ IXFN130N90SK*
Sample Available

MCB110P90TLB #

1200 V

80 mҠ

MCB25I1200TZ IXFN27N120SK*
Sample Available

MCB20P1200LB MKH17RP650DCGLB 1,2

MCB25P1200TLB  # MCL25R1200LB

MCL25RP1200LB 1

40 mҠ
MCB40I1200TZ IXFN50N120SiC MCB30P1200LB

Sample Available
MCB30RL1200TLB 3

IXFN50N120SK* MCB45P1200TLB  #

25 mҠ
MCB60I1200TZ IXFN70N120SK* MCB40P1200LB

Sample Available
MCB60R1200TLB

MCB60P1200TLB #

12 mҠ IXFN140N120SK*

1700 V

750 mҠ LSIC1MO170H0750MCL3I1700QN MCL4I1700HV

80 mҠ

45 mҠ MCB45I1700TZ IXFN45N170SK* MCB35P1700TLB # MCB35R1700LB

25 mҠ IXFN90N170SK*
Sample Available

Planned

Idea

* Kelvin Source
# Improved Rth& NTC 
1 Dual Boost 
2 CoolMOS+ SiC Boost 
3 Boost + Bypass + NTC



27Confidential and Proprietary | Littelfuse, Inc. ©  2019 27

SiC Diode Standard Package Portfolio

ÁWide portfolio of 650V and 1200V diodes

Á 650V diodes are AECQ101

ÁBoth surface mount and through-hole

ÁOther options : 2L TO-247, SOT-227, ISOPLUS, 
bare die.

ÁCompetitive performance and  price with best-
in-class delivery in market :  samples available.

TO252-2L 

(DPAK)

TO263-2L 

(D2PAK)
TO220-2L

TO247-3L

(Dual Package)

650V
AEC-Q101 

Qualified

(In Production)

06A LSIC2SD065C06A LSIC2SD065D06A LSIC2SD065A06A

08A LSIC2SD065C08A LSIC2SD065D08A LSIC2SD065A08A

10A LSIC2SD065C10A LSIC2SD065D10A LSIC2SD065A10A

12A LSIC2SD065E12CCA

16A LSIC2SD065C16A LSIC2SD065D16A LSIC2SD065A16A LSIC2SD065E16CCA

20A LSIC2SD065C20A LSIC2SD065D20A LSIC2SD065A20A LSIC2SD065E20CCA

32A LSIC2SD065E32CCA

40A LSIC2SD065E40CCA

1200V

(In Production)

05A LSIC2SD120C05 LSIC2SD120A05

08A LSIC2SD120C08 LSIC2SD120A08

10A LSIC2SD120C10 LSIC2SD120D10 LSIC2SD120A10 LSIC2SD120E10CC

15A LSIC2SD120D15 LSIC2SD120A15 LSIC2SD120E15CC

20A LSIC2SD120D20 LSIC2SD120A20 LSIC2SD120E20CC

30A LSIC2SD120E30CC

40A LSIC2SD120E40CC

In production

In development
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SiC Diode Advanced Package Portfolio

In production

In development

Idea
SOT-227  (MiniBloc) SMPD ISOPLUS i4 ISO247

600/650V

2 x 10 A

DCG20B650LB #
Sample available

FBS18-065SC # DCG20C600HR1

MXB12R650DCGFC *3 (boost)
Sample available

2 x 16 A DCG30C650HR 1

2 x 80 A
DCG160X650NA
Sample available

1200V

2 x 5 A FBS10-12SC # DCG10C1200HR1

2 x 10 A

DCG10P1200HR 2

Sample available

DCG20C1200HR1

Sample available

2 x 20 A DCG45X1200NA (2x22 A)
DCG40X1200LB (2x20 A)  

DCG17P1200HR2

Sample available

DCG20B1200LB #
DCG35C1200HR1

Sample available

2 x 40 A DCG85X1200NA (2x43 A)

2 x 50 A DCG100X1200NA (2x49 A)

2 x 60 A DCG130X1200NA (2x64 A)

1700V

2 x 10 A DCG20X1700NA   (2x9 A)

2 x 25 A DCG50X1700NA   (2x24 A) DCG45X1700LB   (2x22 A)

# Full Bridge
1 Common Cathode
2 Phase Leg
3 X2 Class Mos+ SiC Boost 
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ISOPLUS
TM

Family

ISOPLUSTM SMPD

Surfaced Mounted Power Device
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Why the customer needs SMPD?

1. Provide the optimum space utilization, SMPD very suitable for poor thermal 

dissipation or small size enclosure.Ą Good thermal resistance.

2. Easy to mount on PCBĄ Tape & reel process, save the assembly time and money.

3. With the insulation abilityĄ Meet safety requirements and no needs to consider the 

arc issue on the SMPD top side.

4. Customized ConfigurationsĄ Provide differ kind of topology in circuit design.

5. Reduce EMI side effectĄ Optimized package design, low resistance and stray 

inductance.
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Ultra-low profile SMPD package
Č Provide the optimum space utilization
Č Excellent heat treatment capability

The above accentuates the compact and low profile nature of the device. Compared to a conventional high power package such asthe 
SOT-227, the IXYS SMPD features ¼  the weight and 1/3 the volumeand provides similar electrical and thermal characteristics.

The figure above illustrates a comparison of the Mini-SMPD with other industry standard packages. The volume of it (3cm3) is only at 
60% of that of the SMPD (1.8cm3). But the Mini SMPD is able to maintain a high voltage isolation of 4.5kV and weighs just 5g.
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Advantage ISOPLUS
TM

SMPD
Č Easy to mount on PCB

SMPD in Tape & Reel
Cost Reduction in AssemblyC

ü Video 

../../2014/ESSEMTEC_IXYS_component_placement.mp4
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Package Cross Section

Features:
ü 2500V isolation voltage (UL recognized)
ü Low thermal resistance 

ü High power cyclingcapability
ü Reduces parasitic inductance and capacitance
ü Transfer molded housing for low cost
ü Allows module circuit configurations

- Half bridge configuration

- Series connected and common anode FREDs
- MOSFET with series Schottky diode

ü Replaces multiple discretes

Benefits of ISOPLUS
TM

Package Construction
Č With the insulation ability

ΧΦΦaŜŀƴǎ IƛƎƘŜǊ /ǳǊǊŜƴǘ hǳǘǇǳǘ
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Power cycling test condition

ü 80° C temperature cycle  (Tj 45° C Č 125° C Č 45° C) 
ü Ic = 18,3 A for 20A / 1200A rated IGBT

Result

J More than 160 000 cycles withoutwire bond liftoff !!  

1...160k Lastwechsel Bauteil 3 / 4  IEA21PG200LA,  I_L = 18,3A
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SMPD Power Cycling Capability
Č Excellent and stable packaging process

typical for std modules
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ISOPLUS
TM

SMPD - Creepage and clearance
ČProvide good electrical isolation distance, meet safety requirements

ISOPLUS 247

Heat Sink

SMPD

Heat Sink

ISOPLUS 247

Pin ςHeat Sink:    2,29 mm min

Pin ςPin:               2,73 mm min

SMPD
ü improved creepage and

clearance distance

Pin ςHeat Sink:    4,0 mm min

Pin ςPin:               7,0 mm min
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Customized Configurations possible
Č Suitable for all kinds of topology

Vce monitoring,

small high voltage 

diode integrated in 

this version
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SMPD Mounting Examples
Č Installation method of heatsink

ü Mounting instruction

Recommended
Mounting Fource F:

пл  Χ  мол b

Proposal for the pad design 
for pin soldering on a PCB

A slit in the board may be used 
for board stress relief

F F

MountingInstructions_SMPD.PDF
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SMPD Mounting Force
Č Robust package type

ü Force may be reduced
without increase of RthJH

ü RthJH settles after ~ 2h



393939Confidential and Proprietary | Littelfuse, Inc. ©  2019 39

SMPD Package Type
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SMPD Circuit Diagram ςMOSFET(1/2)
Single Phase leg

Buck/ Boost

Phase leg
+ NTC

Buck/ Boost
+ NTC

Dual Buck/ Boost

Single with Current and 
Temperature Sense
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SMPD Circuit Diagram ςMOSFET(2/2)

Six pack
3 phase inverter

Six pack
3x phase leg
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SMPD Circuit Diagram - IGBT

Single Phase leg BoostPhase leg
+ NTC

Full Bridge
Single

Co-Pack
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SMPD Circuit Diagram - Diode

Dual Full Bridge 3 phase Bridge
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ÁPackage vs. Power Device vs. Topologies
Single

Single

Co-Pack
Phase leg Buck/ Boost Buck/ Boost + NTC Phase leg + NTC Dual Buck/ Boost Full Bridge

Single with current

& temp. Sense
3 phase inverter 3x Phase leg

Diode

Single

Bridge

3 Phase

Bridge

MOSFET

IGBT

Topologies
Product

Package vs. Power Device vs. Topologies
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SMPD Product List - Diode

̔AECQ-101 qualification part: DLA100B800LB

CircuitDiagram ID(AV)M Package Dimension

/DiodeType TC=90°C(A) Style
X, Y

(mm*mm)
DPG60B600LB Rectifier 600 60 X030a 1-Phase Bridge DPG...B... SMPD-B 25 * 32.7 Active/New Product

DLA100B800LB Rectifier 800 124 X030a 1-Phase Bridge DLA...B... SMPD-B 25 * 32.7 Active Part

DLA100B1200LB Rectifier 1200 124 X030a 1-Phase Bridge DLA...B... SMPD-B 25 * 32.7 Active Part

DMA90U1800LB Rectifier 1800 99 X030a 3-Phase Bridge DMA...U... SMPD-B 25 * 32.7 Active/New Product

DSA120X150LB Schottky 150 2x 75 X030a Dual DSA...X... SMPD-B 25 * 32.7 Active/New Product

DSA120X200LB Schottky 200 2x 65 X030a Dual DSA...X... SMPD-B 25 * 32.7 Active/New Product

DHG60U1200LB SONIC 1200 63 X030a 3-Phase Bridge DHG...U... SMPD-B 25 * 32.7 New Product in Dev

StatusPartNumber Voltage(V)/VCES(V) FigNo. Config Ckt Diag
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SMPD Product List - IGBT

CircuitDiagram/ IC25 IC90 IC110 VCE(sat) tfi Eoff Eoff RthJC IF IF RthJC Package Dimension

Technology TC=25°C TC=90°C TC=110°C max typ typ typ max TC=90°C TC=110°C max Style X, Y

IGBT IGBT IGBT TJ=25°C TJ=25°C TJ=125°C TJ=150°C IGBT(ºC/W) Diode(A) Diode(A) Diode(ºC/W) (mm*mm)

(A) (A) (A) (V) (ns) (mJ) (mJ)
MMIX1X340N65B4 GEN IGBT w/o Diode 650 450 295 - 1.7 80 - 2.54 0.125 - - - Single SMPD-X 25 * 32.7 Active Part

MMIX1G120N120A3V1 PT IGBT w/ Diode 1200 110 - 105 2.2 325 58 - 0.31 - - 0.5 Copack (FRED) SMPD-X 25 * 32.7 Active Part

IXA60IF1200DHGLB - 1200 85 60 - 1.8 - - - - - - - Copack (FRED) SMPD 25 * 32.7 New Product in Dev

MMIX1Y25N250CV1 IGBT w/ Diode 2500 36 - 18 4 246 - 10.5 0.65 - 14 0.86 Copack (FRED) SMPD-X 25 * 32.7 Active Part

IXA110XF650ALB 2xE 2x XPT 650 2x 72 2x 55 - 1.8 - - - - 15 - - Dual SMPD 25 * 32.7 New Product in Dev

MMIX1G320N60B3 GenX3 IGBT 600 400 - 180 1.5 165 5.4 - 0.125 - - - Single SMPD-X 25 * 32.7 Active Part

IXA20PT1200LB Phase leg SCR / XPT IGBT2x1200V 28 20 - 18 - 17 - 126 - - - Phase Leg SMPD-B 25 * 32.7 New Product in Dev

MMIX4G20N250 VHV NPT IGBT 2500 23 14 - 3.1 930 - - 1.25 - - - Single SMPD-Y 25 * 32.7 Active Part

MMIX1G75N250 VHV NPT IGBTs 2500 110 65 - 2.9 - - - 0.29 - - - Single SMPD-X 25 * 32.7 Active Part

IXD80PF650LB XPT & SONIC 650 106 80 - 1.8 - - - - - - - Phase Leg SMPD 25 * 32.7 New Product in Dev

IXD80IF650LB XPT & SONIC 650 108 80 - 1.65 - - - - - - - Single SMPD 25 * 32.7 New Product in Dev

IXD55PF650LB XPT & SONIC 650 72 55 - 1.8 - - - - - - - Phase Leg SMPD 25 * 32.7 New Product in Dev

IXD35PF650LB XPT & SONIC 650 44 35 - 1.75 - - - - - - - Phase Leg SMPD 25 * 32.7 New Product in Dev

IXD110IF650LB XPT & SONIC 650 145 110 - 1.75 - - - - - - - Single SMPD 25 * 32.7 New Product in Dev

IXA20PG1200DHGLB XPT & SONIC 1200 23 - - 1.8 - - - 1 18 - 1.35 Phase Leg SMPD-B 25 * 32.7 Active/New Product

IXA20RG1200DHGLB XPT & SONIC 1200 32 - - 1.8 - - - - - - - Boost SMPD-B 25 * 32.7 Active/New Product

IXA30RG1200DHGLB XPT & SONIC 1200 43 - - 1.8 - - - - - - - Boost SMPD-B 25 * 32.7 Active/New Product

IXA30PG1200DHGLB XPT & SONIC 1200 43 - - 1.9 - - - - - - - Phase Leg SMPD-B 25 * 32.7 Active/New Product

IXA40PG1200DHGLB XPT & SONIC 1200 63 - - 1.85 - - - - - - - Phase Leg SMPD-B 25 * 32.7 Active/New Product

IXA40RG1200DHGLB XPT & SONIC 1200 61 - - 1.8 - - - - - - - Boost SMPD-B 25 * 32.7 Active/New Product

IXA85IF1200DHGLB XPT & SONIC 1200 120 85 - 1.8 - - - - - - - Single SMPD 25 * 32.7 New Product in Dev

MMIX1X200N60B3 XPT IGBT 600 223 - 120 1.7 110 - 3.45 0.24 - - - Single SMPD-X 25 * 32.7 Active Part

MMIX1X200N60B3H1 XPT IGBT 600 175 - 72 1.7 110 - 3.45 0.24 - 28 0.83 Copack (FRED) SMPD-X 25 * 32.7 Active Part

MMIX1X100N60B3H1 XPT IGBT 600 145 - 68 1.8 150 - 2.8 0.31 54 - 0.62 Copack (FRED) SMPD-X 25 * 32.7 Active Part

MMIX1Y82N120C3H1 XPT IGBT 1200 78 - 36 3.4 93 3.7 - 0.39 - 34 0.54 Copack (Sonic-FRD) SMPD-Y 25 * 32.7 Active Part

MMIX1Y100N120C3H1 XPT IGBT 1200 92 - 40 3.5 110 3.55 - 0.31 - 34 0.54 Copack (Sonic-FRD) SMPD-Y 25 * 32.7 Active Part

Config StatusPartNumber VCES(V)
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SMPD Product List - MOSFET

VDSS ID(cont) ID100 RDS(on) Ciss Qg trr trr PD RthJC Package Dimension

Max TC=25°C Tc=100ïC max Typ Typ Typ Max (W) Max Style
X, Y

(mm*mm)

(V) (A) (A) TJ=25°C (pF) (nC) (ns) (ns) (ºC/W)
MMIX1T600N04T2 40 600 450 0.0013 40000 590 100 - 830 0.18 Single SMPD-X 25 * 32.7 Active Part

MMIX1T660N04T4 40 660 550 0.00085 44000 860 60 - 830 0.18 Single SMPD-X 25 * 32.7 Active Part

MMIX1T550N055T2 55 550 410 0.0013 40000 595 100 - 830 0.18 Single SMPD-X 25 * 32.7 Active Part

MMIX1F520N075T2 75 500 360 0.0016 41000 545 - 150 830 0.18 Single SMPD-X 25 * 32.7 Active Part

MMIX1F420N10T 100 334 275 0.0026 47000 670 - 140 680 0.22 Single SMPD-X 25 * 32.7 Active Part

MMIX1F360N15T2 150 235 168 0.0044 47500 715 - 150 680 0.22 Single SMPD-X 25 * 32.7 Active Part

MMIX2F150N20T 200 84 54 0.0165 11700 177 100 - 305 0.41 Single SMPD-X 25 * 32.7 Active Part

MMIX1F230N20T 200 168 113 0.0083 24000 358 - 200 680 0.22 Single SMPD-X 25 * 32.7 Active Part

MMIX1F180N25T 250 132 85 0.013 23800 364 - 200 570 0.22 Single SMPD-X 25 * 32.7 Active Part

MMIX2F94N30T 300 52 35 0.04 11400 190 155 - 305 0.41 Single SMPD-X 25 * 32.7 Active Part

MMIX1F160N30T 300 102 66 0.02 24500 376 - 200 570 0.22 Single SMPD-X 25 * 32.7 Active Part

MMIX1F210N30P3 300 108 71 0.016 16200 268 - 250 520 0.24 Single SMPD-X 25 * 32.7 Active Part

MMIX2F60N50P3 500 30 19 0.11 6250 96 - 250 320 0.39 Single SMPD-X 25 * 32.7 Active Part

MMIX1T132N50P3 500 63 42 0.043 18600 267 600 - 520 0.24 Single SMPD-X 25 * 32.7 Active Part

MMIX1F132N50P3 500 63 42 0.043 18600 250 - 250 520 0.24 Single SMPD-X 25 * 32.7 Active Part

MKE38P600TLB 600 50 40 - - - - - - Phase Leg SMPD-B 25 * 32.7 Active Part

MKE38RK600DFELB 600 50 38 @ 80ïC 40 6800 150 600 - - 0.4 Boost SMPD-B 25 * 32.7 Active Part

MKE38P600LB 600 50 38 @ 80°C 40 6800 150 600 - - 0.4 Phase Leg SMPD-B 25 * 32.7 Active Part

MKG40RK600LB 600 54 34 41 6500 290 - 950 - 0.4 Boost/Buck SMPD-B 25 * 32.7 Active Part

MMIX1F44N100Q3 1000 30 19 0.245 13600 264 - 300 694 0.18 Single SMPD-X 25 * 32.7 Active Part

MMIX1F40N110P 1100 24 15.6 0.29 19000 310 - 300 500 0.25 Single SMPD-X 25 * 32.7 Active Part

PartNumber Config Status



48Confidential and Proprietary | Littelfuse, Inc. ©  2019 48

SMPD Product List ς
MOSFET_6-Pack/3x Phase lag/with NTC

VDSS ID25 ID80 ID90 RDS(on) tf tr RthJC Package Dimension

Max Tc=25°C Tc=80°C Tc=90°C typ typ max Style X, Y

(V) (A) (A) (A) Max (ns) (ns) (K/W) (mm*mm)

Tj=25°C

(mOhms)

MTI200WX75GD-SMD 75 255 - 190 1.3 55 70 0.85 Triple phase leg L{ht[¦{π5L[ϰ39 * 37.5 Active Part

MTI145WX100GD-SMD 100 190 - 145 2.2 40 75 0.85 Triple phase leg L{ht[¦{π5L[ϰ39 * 37.5 Active Part

MTI85W100GC-SMD 100 120 - 90 4 40 55 1.2 Six Pack L{ht[¦{π5L[ϰ39 * 37.5 Active Part

MTC120WX75GD-SMD 75 180 144 128 (100°C) 3.1 - - 0.7 Triple phase leg L{ht[¦{π5L[ϰ39 * 37.5 New Product in Dev

MTC120W55GC-SMD 55 150 120 - 3.1 100 (125°C)110 (125°C) 1 Six Pack L{ht[¦{π5L[ϰ39 * 37.5 New Product in Dev

MTC120WX55GD-SMD 55 150 120 - 3.1 100 (125°C)110 (125°C) 1.3 Triple phase leg L{ht[¦{π5L[ϰ39 * 37.5 New Product in Dev

GMM3x60-015X2-SMD 150 57 - 45 22 - - 1 Triple phase leg L{ht[¦{π5L[ϰ39 * 37.5 Active Part

StatusPartNumber Config
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SMPD Product ist - BiMOSFET

IC25 IC90 IC110 VCE(sat) tf tfi Gatedrive RthJC Package Dimension

TC=25°C TC=90°C TC=110°C max typ typ (V) max Style X, Y

(A) (A) (A) TJ=25°C TJ=25°C TJ=25°C (ºC/W) (mm*mm)

(V) ns ns
MMIX4B12N300 3000 26 - 11 3.2 540 - - 1 Copack (FRED) SMPD-Y 25 * 32.7 Not for New Designs

MMIX4B20N300 3000 34 - 14 3.2 504 - - 0.83 Copack (FRED) SMPD-Y 25 * 32.7 Not for New Designs

MMIX1B15N300C 3000 37 - 15 6 - 90 - 0.42 Copack (FRED) SMPD-X 25 * 32.7 Inactive Part

MMIX4B22N300 3000 38 22 - 2.7 205 - 15 0.83 Dual SMPD-Y 25 * 32.7 Active Part

MMIX1B20N300C 3000 50 - 20 6 - 110 - 0.3 Copack (FRED) SMPD-X 25 * 32.7 Inactive Part

PartNumber VCES(V) Config Status



Appendix for SMPD
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25 kW high power resonant applicationς1/2
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25 kW high power resonant applicationς2/2
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PV boost application

High-power SMD SiCboost module for 
photovoltaic MPPT cells, highly integrated SiC
MOSFET, SiCDiode, and bypass Diode and NTC. 
The excellent performance of SiCMOSFETs and 
SMPD's true Kelvin Source and ultra-low parasitic 
inductance. One 30A SMPD(MCB30RL1200TLB) 
module can easily achieve 20kW and 25A high 
peak efficiency 99.6% on boost unit, while 48kHz 
switch.The frequency can greatly reduce the size 
of the inductor and total system. The SMPD 
module can efficiently produce MPPT system units 
with high reliability. Also, SMPD can provide the 
high-power density switch in a small package and 
Ƙŀǎ ŀ ǾŜǊȅ ƘƛƎƘ ǇŜǊŦƻǊƳŀƴŎŜΦ ¢ƘŀǘΩǎ ǿƘȅ ƛǘ ƛǎ ǘƘŜ 
best choice for SiCmodules in MPPT applications.
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E-Bike/ E-Scooter application
E-Bike

8. MCU

11. Isolation

(Optional)

13. Gate 

Driver

14. MOS FET

9. Relay
18. LED5. Crystal

LCD Display

( Optional )

7. OP

Amps

12. Shunt

Resistor

10. Temperature

Sensor

7. OP

Amps

4. Speed Sensor

19. Hall

Sensor

3. Torque Sensor

1. Brake Resistor

16. DC to DC 17. LDO Peripherals  USE

BLDC or PMSM 

Motor

6. CAN 

Transceiver

CAN

2. CAN Connector

BMSBattery

15. MOS Module



5555

Circuit / Power Protection
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AC Chargers (L1 & L2) ςOff-Board
~1.9 kW to 19.2 kW / 1 Phase

L1

L2 / N

L1

L2 / N

Auxiliary
AC/DC Supply

PE PE

Control Pilot

Proximity

1

2

or

Ground fault 
monitor

Control Circuit,
Display,

Communications

3

Technology Series

UL Listed AC 

Fuse

JLLS, JLLN, KLKD 

series

Technology Series

AC Fuse 314/324 series

MOV TMOV, UltraMOV series

GDT CG3, CG2  series

SCR SJ series

2 Technology Series

TVS Diode SMF, SMAJ, SAC

Diode Array (Wired Comms) SEP0xx series

Polymer ESD (Wireless Comms) XGD series

31

110Vac -240Vac 110Vac -240Vac

http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/314.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/324.aspx
http://www.littelfuse.com/products/varistors/thermally-protected/tmov.aspx
http://www.littelfuse.com/products/varistors/radial-leaded/ultramov.aspx
http://www.littelfuse.com/products/fuses/industrial-power-fuses/class-t-fuses/jlls.aspx
http://www.littelfuse.com/products/fuses/industrial-power-fuses/class-t-fuses/jlln.aspx
http://www.littelfuse.com/products/fuses/industrial-power-fuses/midget-10x38mm-fuses/klkd.aspx
http://www.littelfuse.com/products/gas-discharge-tubes/high-voltage-gdt/cg3.aspx
http://www.littelfuse.com/products/gas-discharge-tubes/medium-to-high-surge-gdt/cg-cg2.aspx
http://www.littelfuse.com/products/tvs-diodes/surface-mount/smf.aspx
http://www.littelfuse.com/products/tvs-diodes/surface-mount/smaj.aspx
http://www.littelfuse.com/products/tvs-diodes/leaded/sac.aspx
http://www.littelfuse.com/products/tvs-diodes.aspx
http://www.littelfuse.com/products/fuses/industrial-power-fuses.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses.aspx
http://www.littelfuse.com/products/varistors.aspx
http://www.littelfuse.com/products/gas-discharge-tubes.aspx
http://www.littelfuse.com/products/tvs-diode-arrays.aspx
http://www.littelfuse.com/products/sidactor-protection-thyristors/broadband-optimized-protection/sepxxxxq38cb.aspx
http://www.littelfuse.com/products/polymer-esd-suppressors.aspx
http://www.littelfuse.com/products/polymer-esd-suppressors/xtremeguard-esd-suppressors.aspx
http://www.littelfuse.com/products/power-semiconductors/discrete-thyristors/scr.aspx
http://www.littelfuse.com/products/power-semiconductors/discrete-thyristors/scr.aspx
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Rectifier

AC Input Power  

EMI
Filter

L

N

PE
or

110Vac - 240Vac

a

PWM Isolation
Rectification & 

Smoothing

DC Output Power  

3.3V / 5V / 12V / 24Vdc 

OC/OV
ProtectionOC/OV

Technology Series

AC Fuse 314/324 series

MOV TMOV, UltraMOV

GDT CG3 series (high V)

CG2 series

a

b

Technology Series

SCR for active 

rectification

SJ series

Diode for 

passive 

rectification

DPG series,

VBExx

series

b

d

Technology Series

MOSFET PolarTM Power 

series, 

CPC37xx series

c Technology Series

TVS diode SMBJ series

PPTC 

(near 

connectors)

miniSMD series

e

e

2

c

Technology Series

Optical 

isolator

LOC11x series

d

Auxiliary (AC/DC) Power Supply
Provides power to user interface, control circuits, communications, etc. 

http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/314.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/324.aspx
http://www.littelfuse.com/products/varistors/thermally-protected/tmov.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses.aspx
http://www.littelfuse.com/products/varistors.aspx
http://www.littelfuse.com/products/gas-discharge-tubes.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/314.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/324.aspx
http://www.littelfuse.com/products/varistors/thermally-protected/tmov.aspx
http://www.littelfuse.com/products/varistors/radial-leaded/ultramov.aspx
http://www.litthttp/www.littelfuse.com/products/power-semiconductors/discrete-thyristors/scr/sjxx40xx.aspx
http://www.littelfuse.com/products/gas-discharge-tubes/high-voltage-gdt/cg3.aspx
http://www.littelfuse.com/products/gas-discharge-tubes/medium-to-high-surge-gdt/cg-cg2.aspx
http://www.littelfuse.com/products/power-semiconductors/discrete-thyristors/scr.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/ICsASICs.aspx
http://www.littelfuse.com/products/tvs-diodes.aspx
http://www.littelfuse.com/products/tvs-diodes/surface-mount/smbj.aspx
http://www.littelfuse.com/products/resettable-ptcs.aspx
http://www.littelfuse.com/products/resettable-ptcs/surface-mount/minismd.aspx
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P3

DC Fast Charger ςOff-Board (~ 100kW+ / 3 Phases)
Single 1x 100kW or modular structure 4x 15-30kW 

DC/DC ConverterOC/OV OC/OV

AC Input Power  DC
Link

DC Output Power

P1

N

PE

P2

or

380Vac -480Vac 400Vdc to 1000Vdc750Vdc

1

5

G
ro

u
n
d
 R

e
fe

re
n
c
e

 M
o

d
u
le

Controls, Display, Communications

AC Ground-Fault 
Relay

Gate Drivers

Aux. AC/DC Supply

AC DC
High-Side / Low-
Side Gate Drivers

2
4

5

7

8

RCD

2

Power Factor Correction

4

Rectifier
EMI
Filter

3

DC Ground-
Fault Relay

6

6

To vehicle



595959Confidential and Proprietary | Littelfuse, Inc. ©  2019 59

DC Fast Charger System (~ 100kW+ / 3 Phases)
Product solutions for off-vehicle system

Technology Series

AC fuse (cabinet level) JLS, JLLS, LDC series 

AC fuse (PCB level) 606, 504, 505 series

GDT 
CG3 series (high V)

CG2 series

MOV AUMOV, TMOV

1

Technology Series

Current transformer SE-CS30 series

AC ground-fault relay SE-704 series

2

Technology Series

Standard rectifier (parallel legs) DMA200X1600NA

3-phase rectifier bridge module MDNA240U2200ED

Discrete diode SONIC-FRDTM series

3

Technology Series

SiC MOSFET LSIC1MO series

Si MOSFET

X-Class & X2-Class 

HiPerFETTM series,

VKM 40-06P1

Gate driver IXD*614 series

Technology Series

TVS Diode SMF, SMAJ, SAC

Diode Array (Wired Comms) SEP0xx series

Polymer ESD (Wireless Comms) XGD series

AC Input Power Residual Current Device (RCD) Rectifier

Technology Series

Si Rectifier diode

SiC Schottky diode

FRED DSE series

LSIC2SD series

IGBT discrete or module

(for low frequency)

XPTTM series

MG12 series

Si or SiC MOSFET

(for high frequency)

X-Class HiPerFETTM series

LSIC1MOS series

Gate driver
IX44** series,

IXD*6** series

High-speed DC fuse L70QS, PSR series

4 Power Factor Correction (PFC)

5 DC/DC Converter

Controls, Display, Communications

7
Auxiliary AC/DC
Power Supply

8

See detail diagram on prior slide for
product recommendations

Technology Series

Ground/Earth-Fault Protection SE-601, SE-GRM 

DC Fuse

L70QS, PSR series

505 and 525 series for 

Modular Topology

DC Output Power6

http://www.littelfuse.com/products/fuses/industrial-power-fuses/class-t-fuses/jlls.aspx
http://www.littelfuse.com/products/fuses/industrial-power-fuses/class-j-fuses/jls.aspx
http://www.littelfuse.com/products/fuses/industrial-power-fuses/class-l-fuses/ldc.aspx
http://www.littelfuse.com/products/fuses/industrial-power-fuses.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/10x32mm-fuses.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/504.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/505.aspx
http://www.littelfuse.com/products/gas-discharge-tubes.aspx
http://www.littelfuse.com/products/gas-discharge-tubes/high-voltage-gdt/cg3.aspx
http://www.littelfuse.com/products/gas-discharge-tubes/medium-to-high-surge-gdt/cg-cg2.aspx
http://www.littelfuse.com/products/varistors/thermally-protected/tmov.aspx
http://www.littelfuse.com/products/varistors.aspx
http://www.littelfuse.com/products/varistors/thermally-protected/tmov.aspx
http://www.littelfuse.com/products/varistors/radial-leaded/aumov.aspx
http://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-schottky-diodes.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/ICsASICs.aspx
http://ixys.com/ProductPortfolio/ICsASICs.aspx
http://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx
http://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/ICsASICs.aspx
http://www.ixysic.com/home/pdfs.nsf/www/IXD_614.pdf/$file/IXD_614.pdf
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixapps.ixys.com/DataSheet/DMA200X1600NA.pdf
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixapps.ixys.com/DataSheet/MDNA240U2200ED.pdf
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://ixys.com/ProductPortfolio/PowerDevices.aspx
http://www.littelfuse.com/products/fuses/specialty-power-fuses/semiconductor-fuses/l70qs.aspx
http://www.littelfuse.com/products/fuses/specialty-power-fuses/semiconductor-fuses/psr.aspx
http://www.littelfuse.com/products/fuses/cartridge-fuses/3ab_3ag-6_3x32mm-fuses/505.aspx
http://www.littelfuse.com/products/fuses/specialty-power-fuses/semiconductor-fuses.aspx
http://www.littelfuse.com/products/protection-relays-and-controls/protection-relays/ground-fault-relays/se-601.aspx
http://www.littelfuse.com/products/protection-relays-and-controls/accessories/ground-reference-modules/se-grm.aspx
http://www.littelfuse.com/products/protection-relays-and-controls/protection-relays/ground-fault-relays.aspx
http://www.littelfuse.com/products/tvs-diodes/surface-mount/smf.aspx
http://www.littelfuse.com/products/tvs-diodes/surface-mount/smaj.aspx
http://www.littelfuse.com/products/tvs-diodes/leaded/sac.aspx
http://www.littelfuse.com/products/tvs-diodes.aspx
http://www.littelfuse.com/products/tvs-diode-arrays.aspx
http://www.littelfuse.com/products/sidactor-protection-thyristors/broadband-optimized-protection/sepxxxxq38cb.aspx
http://www.littelfuse.com/products/polymer-esd-suppressors.aspx
http://www.littelfuse.com/products/polymer-esd-suppressors/xtremeguard-esd-suppressors.aspx
http://www.littelfuse.com/~/media/protection-relays/datasheets/relay-current-transformers/littelfuse_protectionrelays_se_cs30_datasheet.pdf
http://www.littelfuse.com/~/media/files/littelfuse/technical-resources/documents/data-sheets/littelfuse_protectionrelays_se_704_datasheet.pdf
http://www.littelfuse.com/products/fuses/specialty-power-fuses/semiconductor-fuses/l70qs.aspx
http://www.littelfuse.com/products/fuses/specialty-power-fuses/semiconductor-fuses.aspx
http://www.littelfuse.com/products/fuses/specialty-power-fuses/semiconductor-fuses/psr.aspx
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DC/DC Converter
IGBT / MOSFET Gate Driver Protection

In
p

u
t 
L

o
g

ic

PWM HS

GND

PWM LS

Vcc

Enable

µController

Vdd High Voltage DC link 

Vdd

Vss

Technology Series

Diode Array

(input logic protection)

SPx series

Multi-layer varistor,

TVS diode

(power lines protection)

ML & AUML series,

TPSMx series 

TVS diode

Gate protection and 

negative bias voltage

TPSMx series 

TVS diode(s)

Active clamping

TPSMx series

Gate driver IX21xx series

a

a

b

b

c

e

d

5

e

c

c

d

d

http://www.littelfuse.com/products/tvs-diodes.aspx
http://www.littelfuse.com/products/tvs-diodes.aspx
http://www.littelfuse.com/products/tvs-diode-arrays.aspx
http://www.littelfuse.com/products/varistors/surface-mount.aspx
http://www.littelfuse.com/products/varistors/surface-mount/mle.aspx
http://www.littelfuse.com/products/varistors/surface-mount/auml.aspx
http://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs.aspx
http://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs.aspx
http://www.littelfuse.com/products/tvs-diodes/automotive-and-high-reliability-tvs.aspx
http://ixys.com/ProductPortfolio/ICsASICs.aspx
http://ixys.com/ProductPortfolio/ICsASICs.aspx
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On Board Charger System (OBC)
Protection Needs ςSIDACtorapplication

1

2

AC

L

N

DC

Å MOV+SIDACtorApplication
Å No HI-POT test 
Å lower clamping voltage

SIDACtor
P3800FNL

MOV solution

MOV+ 
SIDACtor
solution

3kA 8/20 surge rating
AEC-Q101
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Design & Electrical Key Features for Mega 48V

Features and special requirements:
übased on standard MEGA Fuse (Same dimensions)
üT/C characteristic acc. ISO 8820-5
üBreakingCapacity: ~2500A @ >70V
üIsolation Resistance: >1MOhm
üif codingnecessarypitch= 54 mm



6363

BMS  Protection
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High Voltage Battery System
Building Blocks & Protection Needs

High VoltageLi Ion BatteryPack

Cell
Monitor

BMS / Charge 
ControllerContactor/ Main Switch

Cell
Monitor

- +- + - + - + - + - + - + - +

CellBalancing+ Protect.

Micro
Controller

C
A

N
 B

U
S

- + - + - + - + - + - + - + - +

Micro
Controller

Sense Lines

Sense Lines

Proprietary Daisy Chain I/F

Proprietary Daisy Chain I/F

High VoltageMain Fuse

Temp

Temp

I

I

Li Cells

Li Cells

Module 1

Module 2

CellBalancing+ Protect.

CellBalancing+ Protect. CellBalancing+ Protect.

Cell
Monitor

Cell
Monitor

1

2

3 3

4

5

1

2

3

4

5

Sense Line Fuseto protect from
shortingof Sense Lines

CellMonitor IC Sense Line Input 
OvervoltageProtection

Overvoltage/ ESD Protection
for Daisy Chain I/F

Overvoltage/ ESD Protection
for CAN Bus I/F

High Voltage/ High Current
fusefor power line protection6 6

High VoltageTVS acrossBattery
String for Transient Protection

5

5
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High Voltage Battery System
Sense Line & Cell Monitor Protection - Details

- +

ProprietaryDais Chain Interface

Module 1

1

3

CellMonitor

- +- +

2

Sense Line Fuseto protect from shortingof
Sense Lines:
ÅDependingon BatterySystem there canbe 12 to
~200 Sense Linesper car
ÅShortingcantheoreticallyhappen between
randomsense linesdependingon failuremodes
ÅPotential Failures: AssemblyIssues, Car Accidentor
Crash, Leakageof coolantsor other liquidsthat can
build conductivedeposits

- +
1

2

3

4

CellMonitor IC Sense Line Input Overvoltage
Protection:
ÅProtectslow voltage(5V) input terminalsof Cell
monitor from transients
ÅHot Plug Transientsoccurduringassemblyand
maintenanceof battery pack; other transientscan
be inducedfrom vehiclesystemslike charger, 
inverters, motor driveseither via conductionor
inductivecouplingvia adjacentcabling

Overvoltage/ ESD Protectionfor Daisy Chain 
I/F (e.g. Hot Plug, ESD)

High VoltageTVS acrossBatteryString for
Transient Protection(e.g. Hot Plug)

4

R
 ~k

O
h
m

Balancing

MOSFET
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High Voltage Battery System
Microcontroller & Power Line Protection - Details

Overvoltage/ ESD Protectionfor CAN Bus I/F:
ÅCAN Bus is the typicalinterfacein order to link the Cell
Monitoring Controllers to Higher Level BMS Controllers which
then communicatewith other controllersin the car
ÅIn the denselypackedenvironmentof a carbattery system
CAN linescanbe subjectedto overvoltagestress causedby ESD 
(e.g. duringassembly& maintenance) or other transients
introducedfrom other carsystemsvia couplingor via 
conduction.

5

6
High Voltage/ High Currentfusefor power line
protection:
ÅThe highvoltage/ highcurrentmainfuseis the last resortof
safetyin the caseof excessivecurrentor short circuiteventsin 
the highpower systemof the car
ÅSuitablefusesneedto be well coordinatedwith other fuses
beingdowstreamin the system(e.g. junctionboxes)
ÅFuseneedsto be ableto withstandseveralthousandampsand
needto be ableto continuouslyconducthighamountof energy
for a longtime

High VoltageLi Ion BatteryPack

CellMonitor

BMS / Charge 
ControllerContactor/ Main Switch

CellMonitor

- + - + - + - +

Micro
Controller

C
A

N
 B

U
S

- + - + - + - +

Micro
Controller

High VoltageMain Fuse

CellBalancing+ Protect.

CellBalancing+ Protect.

5

6

5

5
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*Sense Line Fuses: 
Sense Line Short Circuit Protection with electronic fuses can have very different requirements and 
not all fuses might be suitable. Littelfuse offers a variety of special tested electronic fuses for sense 
line applications. Please contact your Littelfuse sales or FAE for more details.

High Voltage Battery System
Littelfuse Protection Portfolio

453 Series

437 Series

462 Series

TPSMA6L Series

SP3030 Series

SP4021Series

505 Series

SM24CAN 
Series

TPSMB Series

SPHV_C 
Series

0HEV Low  Current

HEV 
Medium Current

HEV 
High Current

1 2

3

4 5
Sense Line 
FuseOptions*

CellMonitor IC Input 
OV Protection

OV / ESD Protection
for Daisy Chain I/F

OV / ESD Protection
for CAN Bus I/F

High Voltage/ Current
Power Line Fuses

6
High VoltageTVS 
Transient Protection



68Confidential and Proprietary | Littelfuse, Inc. ©  2019 68

High Voltage Battery System
Littelfuse Protection Portfolio ςSelection Criteria

453 Series

437 Series

462 Series

TPSMA6L Series

SP3030 Series

SP4021Series

505 Series

SM24CAN 
Series

TPSMB Series

SPHV_C 
Series

0HEV Low  Current

HEV 
Medium Current

HEV 
High Current

1 2

3

4 5
Sense Line 
FuseOptions*

CellMonitor IC Input 
OV Protection

OV / ESD Protection
for Daisy Chain I/F

OV / ESD Protection
for CAN Bus I/F

High Voltage/ Current
Power Line Fuses

6
High VoltageTVS 
Transient Protection

ÅVoltagerange
dependson battery
configuration, same 
for interrupt rating

ÅFuseshouldhavea 
low temperaturede-
rating

ÅLow toleranceof
coldresistanceaswell 
aslongterm stability
is required

ÅFuseshouldbe able
to copewith
temperaturecycles
andvibrations

ÅSmall Formfactor

ÅIdeallyfulfills AEC-Q 
test conditions

ÅLF recommended: 
453 Series, 462 Series, 
437 Series, (505 
Series)

Å5V Operating Voltage
seemsto bemost
common

ÅLow Capacitanceis
desirable

ÅSilicon Diode Arrays 
providefastest 
protectionandlowest
clampvoltages

ÅSmall Formfactorsof
0402 to 0603

ÅPower Capability
several10 to several
100W (8/20µs)

ÅAEC-Q101 qualified

ÅLF recommended: 
SP3030, SP4021

ÅVoltagerangedepends
on battery configuration

ÅPower requirements
dependon transient 
environmentandbattery
configuration

ÅLF offers600W up to
3000W Diodes

ÅAEC-Q101 qualified

ÅSmall Formfactorlike
TPSMA6L (Low Profile 
600W Diode)

ÅLF recommended: 
TPSMA6L, TPSMB

ÅTypicaloperating
voltageof CAN Bus 
protectorsis24V

ÅPower rating
between200W to
500W

ÅESD Contact
Capabilityof 30kV 
recommended

ÅLow capacitance
between11 to 30pF

ÅAEC-Q101 qualified

ÅSmall Formfactor
PackagesSOD882 or
SOT23-3 (2 channels)

ÅLF recommended: 
SM24CANA, 
SM24CANB, SPHV-C 
Series

ÅOperating voltageup to
450VDC

ÅLow current fuseratings
10A to 30A, 40A 
(425VDC)

ÅMedium current ratings
60A to 125A

ÅHigh current ratings
150A to 250A

ÅForm Factors10x38, 
42x20, 52x30

ÅHigh Interrupt Rating of
10kA

ÅVariousmounting
options: boardmount, 
bolt down, blade, inline 
cable

ÅLF recommended: 0HEV 
Series (available) 
Medium / High Current
Versions under
development

ÅFollowingISO8820-8 
Requirements

*Sense Line Fuses: 
Sense Line Short Circuit Protection with electronic fuses can have very different requirements and 
not all fuses might be suitable. Littelfuse offers a variety of special tested electronic fuses for sense 
line applications. Please contact your Littelfuse sales or FAE for more details.
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Littelfuse Electronic Fuses Qualification Testing 
Reliability Testing for Electronic Fuses in Automotive Apps

Ą *Littelfuse Test Plan follows the guidelinesof AEC-
Q200 with fusespecificmodifications; pleaseconsult
with Littelfuse for fusesthat passedthesereliability
tests.

453 Series 437 Series 462 Series

Á More Automotive Applicationslike e.g.  
BatterySense Line Protectionrelyon 
electronic fuses

Á Thereareno officialstandardsthat
definethe qualificationof electronic 
fusesfor usein Automotive

Á Littelfuse hasdeveloppeda test plan 
followingAEC-Q200 guidelinesto test
fusesfor their suitabilityandreliabilityfor
Automotive Applications

Á Test Plan contains18 test caseslike
1000hrs op life,  temperaturecycling, 
elevatedtemp testing, vibrationtesting
etc. andusesincreasedsample quantities

Á Littelfuse is continuouslyaddingpart
numbersandratingsto the Automotive 
qualifiedrangeof electronic fuses
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Comparison of 606 Series with Competition

LF 606 
Series 

Footprint/Height 32 x  ʊ10 mm

Current Rating 40 A ~ 63 A

Voltage Rating 500VAC

Interrupting Rating 2,000 A @ 500VAC

Competitor

Up to 30A

500VAC

Up to 30A

500VAC

38 x  ʊ10mm 38 x  ʊ10mm

Product Photo/ 
Illustration

What differentiates 606 Series?
ÁHighercurrent rating than 

competition

ÁShorter length than 10 x 38 mm size 
competition

Competitor

10,000A @500VAC 10,000A @500VAC
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DC Fuse Solutions

507 Series 513 Series

Photo

Fuse Dimensions 6x32mm 6x32mm

Voltage Rating 650Vdc 800Vdc

Breaking Capacity 150A @650Vdc 400A @800Vdc

Current Rating 1-8A 5-10A

Agency Approval



72Confidential and Proprietary | Littelfuse, Inc. ©  2019 72

DC Fuse Solutions
Fuse Type Series Form Factor Voltage (V) Current (A)

Through Hole

505 6x32mm 500Vac, Vdc 15A ï30A

504 6x32mm 420Vdc, 500Vac 25A ï30A

506 6x32mm 600Vdc 15A ï20A

507 6x32mm 650Vdc 1A ï8A

508 6x32mm 1000Vac, Vdc 315mA ï1A

477 5x20mm 400Vdc, 500Vac 0.5A ï16A

977 5x20mm 450Vdc, 500Vac 0.5A ï16A

487 5x20mm 420Vac, Vdc 8A ï20A

808 4.65x8.9mm 250/350/450Vdc 2A ï5A

Surface Mount
885 4.78x10.86mm 450/500Vdc 1A ï5A

485 4.5x12.1mm 600Vdc 1A ï3.15A

504/505/506/507/508 Series
6x32mm

477/977/487 Series
5x20mm

808 Series
4.65x8.9mm

885 Series (4.78x10.86mm) 485 Series (4.5x12.1mm)
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High Voltage/Current New Products
Series Key Characteristics Key Application Areas

505 Series 6x32mm, 15-30A, 30KA/500Vac
Charing Pile

UPS

514 Series 6x32mm, 1.6-12.5A, 5KA/500Vac
Power Supply

E-meter

606 Series 10x32mm, 40-63A, 2KA/500Vac

UPS

Industrial Air Conditioner

Charging Pile

881 Series 12.5x10x7mm, 60-100A, 1.5KA/75Vdc

Datacenter

Telecom

Power Tools/ESS/BBU

881F Series 12.5x10x7mm, 60-100A, 1.5KA/75Vdc

Datacenter

Telecom

Power Tools/ESS/BBU

456SD Series 12.2x4.5mm, 40-50A, 600A/75VDC, 100A/125VAC

Datacenter

Telecom

Power Tools/ESS/BBU

405 Series 5x20mm, 25A, 1KA/250Vac/dc Datacenter

885 Series 10.9x4.8mm, 1-5A, 100A/500Vdc
BMS

Motor Driver

525 Series 6x32mm, 15-30A, 10KA/305Vac, 10KA/450Vdc
OBC

DC/DC
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509A Series ςProduct Overview

Product Family/Package

Å 6x32mmCartridge Fuse Product Family

Å Through-hole Fuse

Series Ratings/Type

Å AECQ compliant

Å 15A ς30A Current Rating

Å 500Vac rated

Å 10KA Interrupting current @ 500Vac

Å -55oC to 125oC operating temperature

Agency Approvals

Environmental Compliance

Å UL Recognized Component

Å RoHS Compliant

Å Halogen free

Å 100% Pb free

Packaging
Å Bulk

Å Pack quantity = 1000 pieces

Á Engineering samples available in Sep, 2019
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609 Series ςProduct Overview

Product Family/Package

Å 10x32mmCartridge Fuse Product Family

Å Through-hole Fuse

Series Ratings/Type

Å AECQ compliant

Å 40A ς60A Current Rating

Å 500Vac rated

Å 10KA Interrupting current @ 500Vac

Å -55oC to 125oC operating temperature

Agency Approvals

Environmental Compliance

Å UL Recognized Component

Å RoHS Compliant

Å Halogen free

Å 100% Pb free

Packaging
Å Tray

Å Pack quantity = 500 pieces

Á Engineering samples available in Sep, 2019
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IŀƳƭƛƴΩǎ {ǘǊŀǘŜƎƛŎ aŀǊƪŜǘǎ ŀƴŘ {ǘŀƴŘŀǊŘ tǊƻŘǳŎǘǎ

Reed Switches Reed Relays Sensors

Standard 

Products

Speed and 

Direction
Safety

Utilities and Fluid 

Management

ÁReed switches

ÁReed relays

ÁCatalog sensors

ÁAutomatic 

transmission speed 

sensors

ÁActuator position

ÁGear shifter position

ÁCam & crank sensors

ÁFan speed sensing

ÁSeatbelt buckle and 

tension sensors

ÁCrash sensors

ÁSeat position sensing

ÁRemote utility meter 

reading counters & 

tamper detection

ÁIndustrial sensors

ÁFluid level sensors
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Bike Computers

Á Speed and distance.


