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Every high-power application such as industrial,
datacenter, solar, etc. needs an auxiliary power supply
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Auxiliary power supply is used to power the internal control electronics, voltage- & current-sensing electronics of the PSU
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Auxiliary power supply used in different applications
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Example schematics (flyback topology) of auxiliary
power supply and recommended Littelfuse solutions
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Technology

Function in application

Product series

Benefits

Features

Si/SiC MOSFET

HV MOSFET , LSICIMO,

Higher switching frequency; higher efficiency;

Optimized for high-frequency applications;

OR High-frequency switching OR increased robustness; smaller die size per extremely low gate charge and output capacitance;
IGBT HV IGBT voltage/current rating ultra-low on-resistance
. . _— Eliminates the need for separate negative supply; | Separate 9 A peak source and sink outputs;
Gate Driver DS SlIG OB A1 1) ) Pa T e quick turn-on and turn-off of power SiC MOSFET |internal negative charge pump regulator for
IGBTs IX_609 . X X
e and IGBT selectable negative gate drive bias
TVS Diode Protects SiC MOSFET from voltage SME. SMFEA Improves system reliability by clamping the voltage 200 W peak pulse power capability; excellent

transient

at safe levels during transients

clamping capability; low profile
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https://www.littelfuse.com/products/power-semiconductors/discrete-mosfets/n-channel-standard/high-voltage.aspx
https://www.littelfuse.com/products/power-semiconductors/silicon-carbide/sic-mosfets.aspx
https://www.littelfuse.com/products/power-semiconductors/discrete-igbts/xpt/high-voltage_xpt
http://clareweb2.ixysic.com/Products/IGBT-MOSFETDvr.htm
https://www.littelfuse.com/products/integrated-circuits/gate-driver-ics/sic-mosfet-and-igbt-driver-ics/low-side-gate-driver-ic-with-charge-pump/ix4352ne.aspx
https://www.littelfuse.com/products/integrated-circuits/gate-driver-ics/igbt-and-mosfet-driver-ics/low-side-gate-driver-ics/ixd_609.aspx
https://www.littelfuse.com/products/tvs-diodes/surface-mount/smf.aspx?utm_source=SFD&utm_medium=Low+Voltage+Motor+Drives&utm_campaign=TVS+Diode
https://www.littelfuse.com/products/tvs-diodes/surface-mount/smfa-asymmetric.aspx

TVS Diode for SiC MOSFET
Gate Protection




Commonly used SiC MOSFETs
(Vpsand Vg max ratings) in auxiliary power supply

Competition name Vps Ves
1200 V +22V/-6V
Littelfuse
1700 V +22V/-6V
650 V +19V/-8V
Competition A 1200 V +19V/-8V
1700 V +25V/-10V
650 V +23V/-5V
Competition B 1200 V +23V/-7V
1700 V +20V/-10V
650 V +22V/-8V
Competition C 1200 V +22V/-10Vor+25V/-15V
1700 V +25V /-15V
650 V +23 V /-10V
Competition D 1200 V +23V /-10V
1700 V +20V/-10V

Two most popular SiC MOSFET driver range are +15V/-3V and +20V/-3V
o4 Littelfuse
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Advantages of asymmetric TVS Diode
for SIC MOSFET gate protection

Gate protection using 2 bi-directional Zener or TVS Diodes Gate protection with single asymmetric TVS Diode

% SMFA

= Single component SiC MOSFET gate protection with asymmetrical gate voltage protection.
= Compact, 1 mm low profile, SOD123-FL package.
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SMFA Series asymmetrical

TVS Diode for SIC MOSFET gate protection

Problem/Solution

The SMFA Series are Asymmetrical TVS diodes designed
specifically to protect SiC MOSFETs gates from overvoltage
events. The faster switching speeds of SIC MOSFETs (as
compared to Silicon MOSFETs and IGBTs) combined with layout
and parasitic elements causes ringing and overshoot phenomena

on the gate drive circuit that can be mitigated by the SMFA Series.

As SiC MOSFETSs have a different negative gate voltage rating
from the positive one, the asymmetrical SMFA Series is ideal in

offering a single component solution.
.

Product Application
Brief Note

Technical resources (Click on below icons to learn more)

Series Page Datasheet Tech Info
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Benefits

Features

Reduced part-count

Reduced PCB-space

Lower complexity, paired with higher reliability
Precisely defined voltage levels

Single component SiC MOSFET gate protection with asymmetrical
gate voltage protection

Low clamping voltage for negative gate drive, VC <8V @ 2 A
(10/1000 ps)

Variety of positive standoff voltages, VBR 15~20 V compatible with
popular SiC MOSFETS

Stable capacitance over wide range of operating frequency
(2 MHz) compatible with SIC MOSFET applications

Compact, 1mm low profile, SOD123-FL package

Markets/Applications

Al/data center server power supplies
High-efficiency power for EVI
High-reliability semiconductor/industrial power supplies

Littelfuse, Inc. © 2024 8


https://info.littelfuse.com/hubfs/Electronics/RTM_Summary%20Slide/Littelfuse_TVS_Diode_SMFA%20Asymmetric_New_Product_Introduction.pdf
https://www.littelfuse.com/media?resourcetype=datasheets&itemid=7eb8a5b6-bdd0-4561-8f19-0c3cc6f9b2af&filename=tvs-smf-1103
https://www.littelfuse.com/products/tvs-diodes/surface-mount/smfa-asymmetric.aspx
https://cdn1-originals.webdamdb.com/12956_159941958?cache=-62169955622&response-content-disposition=inline;filename=SMFA%2520Series%2520Asymmetric%2520TVS%2520Diodes%2520for%2520SiC%2520MOSFET%2520Gate%2520Protection%2520Product%2520Brief.pdf&response-content-type=application/pdf&Policy=eyJTdGF0ZW1lbnQiOlt7IlJlc291cmNlIjoiaHR0cCo6Ly9jZG4xLW9yaWdpbmFscy53ZWJkYW1kYi5jb20vMTI5NTZfMTU5OTQxOTU4P2NhY2hlPS02MjE2OTk1NTYyMiZyZXNwb25zZS1jb250ZW50LWRpc3Bvc2l0aW9uPWlubGluZTtmaWxlbmFtZT1TTUZBJTI1MjBTZXJpZXMlMjUyMEFzeW1tZXRyaWMlMjUyMFRWUyUyNTIwRGlvZGVzJTI1MjBmb3IlMjUyMFNpQyUyNTIwTU9TRkVUJTI1MjBHYXRlJTI1MjBQcm90ZWN0aW9uJTI1MjBQcm9kdWN0JTI1MjBCcmllZi5wZGYmcmVzcG9uc2UtY29udGVudC10eXBlPWFwcGxpY2F0aW9uL3BkZiIsIkNvbmRpdGlvbiI6eyJEYXRlTGVzc1RoYW4iOnsiQVdTOkVwb2NoVGltZSI6MjE0NzQxNDQwMH19fV19&Signature=Jhp8-77pnhaVS7Pi1YEeDCeaEdbr-Z2GX6UhglcbNNGQ1xaxNgfazNCRSkJOKhZUs3TxrfqBjfvTWZPM5AEyi0SkJgRXSlsCrKjs0orP-YPMv07I3wa3uhyK8BSGFhR-NJzR3zcypwwHlvIHoY3boOejkcYPOy1vsLApEoME0675krYV6Yf5KsFLwLLD9r9oNPu8B11FOda24GJsH9tNYsLDh3mkBwOHdovoctYhIGrWxZQfQ226cErSeEFfFo4UCjw5kt33Q0KQ4rkWEaajV8zO-YdZle3sMbKLu4IBQ3L3fILwiKZ7RujtHq0446kXB4uCnwrc~M-56pIk~gbuVg__&Key-Pair-Id=APKAI2ASI2IOLRFF2RHA
https://cdn1-originals.webdamdb.com/12956_159941873?cache=-62169955622&response-content-disposition=inline;filename=Efficient%2520SiC%2520MOSFET%2520gate%2520protection%2520using%2520SMFA%2520asymmetric%2520TVS%2520diodes.pdf&response-content-type=application/pdf&Policy=eyJTdGF0ZW1lbnQiOlt7IlJlc291cmNlIjoiaHR0cCo6Ly9jZG4xLW9yaWdpbmFscy53ZWJkYW1kYi5jb20vMTI5NTZfMTU5OTQxODczP2NhY2hlPS02MjE2OTk1NTYyMiZyZXNwb25zZS1jb250ZW50LWRpc3Bvc2l0aW9uPWlubGluZTtmaWxlbmFtZT1FZmZpY2llbnQlMjUyMFNpQyUyNTIwTU9TRkVUJTI1MjBnYXRlJTI1MjBwcm90ZWN0aW9uJTI1MjB1c2luZyUyNTIwU01GQSUyNTIwYXN5bW1ldHJpYyUyNTIwVFZTJTI1MjBkaW9kZXMucGRmJnJlc3BvbnNlLWNvbnRlbnQtdHlwZT1hcHBsaWNhdGlvbi9wZGYiLCJDb25kaXRpb24iOnsiRGF0ZUxlc3NUaGFuIjp7IkFXUzpFcG9jaFRpbWUiOjIxNDc0MTQ0MDB9fX1dfQ__&Signature=ksp-cMQAe3~Ot~LhXsGYSeTaFmklQP3m~sD1boaLt7RXeGorqoSYD-31YqAoWFehsiYlypt2tkfvOVxeDLNGeDeXvUadlaEa4CGuizwl5d1ajDLW8tE2CWCE9E7sqIb5posE1WYAeuu7015lMR0G0h5VXpZAyoOqh2FPPkFpmhIHQ-Wnnptka6CHRhIEtA0YayZV~loLEWzFCGyBBcGr1V2XtM~Jk3FbWi1wS7QSsB1vAg832SFIzqKyMg6nAfO2KKTGyj1qp-SbAf0Hs5aQSsPmVF3gnmSDL~3NoUIXvQMr6SgjImFcF~OlA5gVAbvi3Q2Fk9o0LbFlJXt1RDSSNg__&Key-Pair-Id=APKAI2ASI2IOLRFF2RHA

SMFA Series compared to LF existing series

Parameters SMF SMF4L
Asymmetical Vg Yes No No
Vg, (Positive Polarity) 15~20V 50~85V 9.0~51V
Ves @ 2 A (8/20 ps) 18.57 ~ 26.40 V - -
V1 @ 1y (8/20 ps for SMFA, 10/1000 ps for SMF/SMF4L) 24.05~31.85V 9.2~137V 15.4~82.4V
Vg, (Negative Polarity) 55V - -
Ve, @ 2 A (8/20 ps) 7.85V - -
Ve, @ 1y, (8/20 pis) 105V - -
Capacitance @ 1 MHz 0 V 440 ~ 565 pF 1100 ~ 800 pF 800 ~ 120 pF
Change in Capacitance 0~2 MHz <10 pF - -

Note:
V¢, and V,: Maximum Clamping Voltage.
Vs and V,: Typical Clamping Voltage.
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Comparison of SMFA series with competition

Parameters
Asymmetical Vg Yes
Vg, (Positive Polarity) 15~20V
Ves @ 2 A (820 ps) 18,57 ~ 26.40 V Slngle source,
Ve; @ 1y (8/20 pis for SMFA, 10/1000 ps for SMF/SMFAL) 24.05~ 31.85 V NO d | reCt d ro p | N
Vg, (Negative Polarity) 55V
Ve, @ 2 A (8/20 pis) 7.85V replacement
Ve, @ 1y, (8/20 pis) 105V
Capacitance @ 1 MHz 0V 440 pF
Change in Capacitance 0~2 MHz <10 pF
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Gate Driver to control SIC MOSFET




Gate Driver requirements for SIC MOSFET

General Gate Driver features Controller Output Logic Level Signal (Vpp =3.3V)

= |tis an interface IC with a power amplifier

= |t accepts logic level input from a controller IC

= |t produces the required high-voltage and
high-current output to drive the gate of the
SiC MOSFET

SiC Gate Driver requirements
+20V V+

= +15V to +20V turn-on gate voltage . OSSiIC:ET
= -3V to -5V turn-off gate voltage Gate 1
J J Driver

— Ensure noise robustness Cep D
— Improve turn on/off switching speed N our -‘_G k_}
= Ensure safe operation g T N
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IX4352NE low-side SIC MOSFET and IGBT Driver

Problem/Solution Benefits

The 1X4352NE is specifically designed to drive SiC MOSFETs and = Negative voltage gate drive for improved dV/dt immunity,
high-power IGBTs. Separate 9 A source and sink outputs allow for eliminates the need for separate negative supply
tailored turn-on and turn-off timing while minimizing switching = Can drive a broad range of SiC-MOSFETSs or IGBTs
losses. An internal negative charge regulator provides a selectable = Protects driver and power device

negative gate drive bias for improved dV/dt immunity and faster
turn-off. Various built-in features, such as DESAT detection, UVLO,
thermal shutdown, and Fault output, protect the driver and the
power device.

= No input logic level shifter required

Features

= Internal charge pump regulator for selectable
Technical resources (Click on below icons to learn more) negative gate drive bias down to —10V

= +13V to +25V supply voltage range
@; .@, jﬂl = DESAT detection, UVLO, thermal shutdown, fault output
. = TTL/CMOS compatible logic input with integrated level shifter
Series Page Datasheet Tech Info

Markets/Applications

= EV infrastructure/DC charging stations

= Datacenter/power supplies and UPS

= Light industrial/PFC, AC-DC and DC-DC converters
= Alternate energy/solar converters

@A Littelfuse
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https://www.littelfuse.com/media?resourcetype=application-and-design-guides&itemid=19071044-1033-46b3-9f5f-0df928bcba57&filename=ix4351ne-eval-board-user-guide-rev.2
https://www.littelfuse.com/media?resourcetype=datasheets&itemid=61ab54ff-9707-4055-9d37-715ddd23e13a&filename=ix4352ne
https://www.littelfuse.com/products/integrated-circuits/gate-driver-ics/sic-mosfet-and-igbt-driver-ics/low-side-gate-driver-ic-with-charge-pump.aspx

Advantages of IX4352NE for SiC MOSFET
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IX4352NE compared to existing series

Parameter IX4351NE IXDN609SI
Gate drive voltage range -10Vto +25V -10V to +25V OVto +35V
Output peak drive current +9A F9A +9A
Integrated charge pump for negative bias voltage Yes Yes No
DESAT with soft shutdown* Yes Yes No
UVLO and TSD Yes Yes No
Regulator output to supply discrete optocoupler Yes Yes No
FAULT output Yes Yes No
Safe DESAT initiated soft turn-off transition Yes No -
High Thermal Shutdown Temperature (TSD) threshold accuracy Yes No -
Charge pump operates during thermal shutdown Yes No -

* DESAT function needs to be matched with the power semiconductor device selected.
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Comparison of IX4352NE series with competition

Parameter New IX4352NE

Supply voltage range -10Vto +25V

Output peak drive current +9A

Integrated charge pump for negative bias voltage Yes

DESAT with soft shutdown* Yes Sin g le source,
UVLO and TSD e no direct drop in
Regulator output to supply discrete optocoupler Yes ren I acemen .I.
FAULT output Yes I e
Safe DESAT initiated soft turn-off transition Yes

High Thermal Shutdown Temperature (TSD) threshold accuracy Yes

Charge pump operates during thermal shutdown Yes

* DESAT function needs to be matched with the power semiconductor device selected.
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Additional information can be found on Littelfuse.com

Explore the world of Littelfuse with the electronics eCatalogs (ecatalogs.littelfuse.com)

P4 Littoltuss

Circuit Protection Power Semiconductor
Selection Guide Product Catalog

Integrated Circuit
Selection Guide

B uttotuse - B4 ety

SMFA Series Asymmetric TVS Diodes for

SiC MOSFET Gate Protection

Click the
images for _
more : X
information : Q:
e et e s : W Scan the code to
= . =1} . 1 = learn more!

M —hE " k¥ o k3
T 1 1 }'f;J i Hy
LT LT = 17 = =

% Littelfuse SiC MOSFET Gate Protection SMFA Serie
Expertise Applied | Answers Delivered Application Note Product Brief Littelfuse, Inc. © 2024 17


https://cdn1-originals.webdamdb.com/12956_159941873?cache=1724854514&response-content-disposition=inline;filename=Efficient%2520SiC%2520MOSFET%2520gate%2520protection%2520using%2520asymmetric%2520TVS%2520diodes%2520application%2520note.pdf&response-content-type=application/pdf&Policy=eyJTdGF0ZW1lbnQiOlt7IlJlc291cmNlIjoiaHR0cCo6Ly9jZG4xLW9yaWdpbmFscy53ZWJkYW1kYi5jb20vMTI5NTZfMTU5OTQxODczP2NhY2hlPTE3MjQ4NTQ1MTQmcmVzcG9uc2UtY29udGVudC1kaXNwb3NpdGlvbj1pbmxpbmU7ZmlsZW5hbWU9RWZmaWNpZW50JTI1MjBTaUMlMjUyME1PU0ZFVCUyNTIwZ2F0ZSUyNTIwcHJvdGVjdGlvbiUyNTIwdXNpbmclMjUyMGFzeW1tZXRyaWMlMjUyMFRWUyUyNTIwZGlvZGVzJTI1MjBhcHBsaWNhdGlvbiUyNTIwbm90ZS5wZGYmcmVzcG9uc2UtY29udGVudC10eXBlPWFwcGxpY2F0aW9uL3BkZiIsIkNvbmRpdGlvbiI6eyJEYXRlTGVzc1RoYW4iOnsiQVdTOkVwb2NoVGltZSI6MjE0NzQxNDQwMH19fV19&Signature=AfSNbfz6Qsb7N7awatm~RBl06BkihyWncOTr7Kq5gUARAnY3A1Lk8EYTjA7935-kH5ClSTjcmWsjHTxr~JQgxnXkjb3MO3d37ycckLI4sdjHp1UAQl~QxclGBuspEVDXJO-T9seQeJG4AemTQ2nsuvfwrkA7RaQOKAqaleHZByoFSG5MfS1Lpu4atsDJ~4sx6vNKJpRuGrzyw-tVX1GObqyui9KQ2VWdnhgkndf0umuGegelALSEexdlTR3GTEF5-eUe0LmXjE2G03Uv-saOp~lEthC8pJd2~N0BAwJJl2LFD6tRkmWLJzWyy9ds51eqPk0GD6Vflt7W3as5-DHYJA__&Key-Pair-Id=APKAI2ASI2IOLRFF2RHA
https://www.littelfuse.com/
https://ecatalogs.littelfuse.com/BookshelfView/
https://electronicscatalogs.littelfuse.com/Integrated-Circuits-Selection-Guide/1/
https://electronicscatalogs.littelfuse.com/Power-Semiconductor-and-IC-Selection-Guide/1/
https://electronicscatalogs.littelfuse.com/Sensing-Products-Selection-Guide/a/
https://electronicscatalogs.littelfuse.com/Circuit-Protection-Product-Selection-Guide/1/
http://electronicscatalogs.littelfuse.com/?utm_source=SFD&utm_medium=General+Port+Protection&utm_campaign=ecatalogs
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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

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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Testing Capabilities

We help customers get products to
market faster, we offer certification
testing to global regulatory standards

Compliance & Regulatory

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

Global Manufacturing

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

Littelfuse, Inc. © 2024 19
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Littelfuse.com

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 fithess 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 components, 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: www.littelfuse.com/disclaimer-electronics.
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