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Lithium batteries market statistics and drivers

Market trends and drivers

Safety and ageing concerns in Lithium battery applications
highlight the critical need for advanced protection and control
solutions in the market.

adoption of electric vehicles, both in the automotive and

e-mobility sectors, is driving the demand for high-performance
lithium battery solutions.

Lithium batteries are widely used in energy storage
applications, from residential to grid-scale systems. With the
growing emphasis on renewable energy sources and the
need for reliable energy storage.

Increasing environmental regulations and a growing focus on
sustainability are pushing manufacturers to develop more
energy-efficient and eco-friendly battery solutions.

Estimated capacity of Lithium batteries

growing at a ~28% CAGR (in gigawatt hours)
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https://www.statista.com/study/22772/lithium-ion-batteries-statista-dossier/

Littelfuse offers solutions for every battery system
Smart phones -2 large eMobility batteries =2 utility-grade systems

Overcurrent Protection
Fuse, PPTC, Battery Protector,
Battery Mini-breaker

Overvoltage Protection
MOV, SPD, SIDACtor®,
TVS Diode

Sense Line Protection
Fuse, TVS Diode
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Isolation Monitoring
Solid State Relay, Reed Relay

System Capacity (kWh)

Battery Disconnect
DC Disconnect Switch,
HVDC Contactor Relay

Ground Fault and

Arc-flash protection
Ground Fault Relay, Arc-flash Relay

Power Control
MOSFET/IGBT,
Power Module, Gate Driver

ESD Protection
TVS Diode, TVS Diode Array,
Polymer ESD

Sensing Solution
Magnetic Sensor,
Temperature Sensor, TTape*

MO

* Contact sales for details
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Small battery system application map

Cell-level Protection 100 USB Port Protection
PPTC, Battery Strap, eFuse, Temperature Indicator,
Battery Mini-breaker PPTC, TVS Diode Array
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* Contact sales for details
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Common hazards related to Lithium battery systems

Causes

Overcharging
(overvoltage) and
overcurrent

= Excessive current to battery pack
(e.g., faulty chargers)

= Internal/external short circuits

(e.g., manufacturing defect)

Causes

= High di

Common electrical

threats

)

Overheating

scharge rate

= Short circuits

= QOvercharging of battery

-

Cell-level
protection

Battery Fuel Gauge IC + J OR ‘ Battery Sontroller
Charge/discharge FET Charge/discharge FET

Overcurrent and overtemperature protection

Battery Min PolySwitch® ‘
- Breakers OR PPTC

Littelfuse solutions
Charging Bat-ery
port pack level
protection |l protection

A
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eFuse

USB port protection

Battery PolySwitch® ||
' F NTC
protectors | OR [ use J [ PPTC
. Ambient an
Overcurrent protection anomalous temperature

| -

Thermal sensing

Digital temperature sensor

Surge and ESD

Causes
= Field-induced surge

= ESD from device

= Discharge on to device

A gl

TVS Diode OR

Array TVS Diode

ESD protection

1
* Contact sales for details
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| @j Click the product series

in the table below for more info

Battery pack system architecture: small up to 60 V

Battery Cells

Battery—

Technology Product series
NTC KC
TTape™ TP
PPTC LSP
OR OR
MHP MHP-TAT18
Fuse 881, 688
OR OR
Battery Protector 1TV
PPTC 0805L
OR OR
Fuse 458

TVS Diode Array

SP1003, SC1006

Signal
. Battery management lines
unit, cell balancin ID pin
9 P To device/
— charger
g LIS
Qo
ole)
O s
Zzz ZZZTemperature
+ sensing
:
T T Secondary Primary Battery+ >
protection protection

Legend:
—» Power
—» Data
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= Secondary protection: Protects cells if the primary safety circuit fails.
= Primary protection: Handles all the basic safety functions: overvoltage, undervoltage,
overcurrent, under-temperature, and overtemperature.

Current Sensing
Resistor

L4CL

TVS Diode Array

SME, SMF4L

TVS Diode Array

SP3021, SP1007

PPTC

zeptoSMDC

Littelfuse, Inc. © 2023
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https://www.littelfuse.com/products/temperature-sensors/leaded-thermistors/epoxy-coated-thermistors/miniature-kc.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=NTC
https://m.littelfuse.com/media?resourcetype=datasheets&itemid=9ddb6400-14c6-477a-b08d-7ee9e6d4f7d1&filename=littelfuse-temperature-monitoring-device-ttape-datasheet&utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TTape
https://www.littelfuse.com/media?resourcetype=datasheets&itemid=a4d347f7-26c9-4c31-a233-a3eaa607f26a&filename=littelfuse-pptc-battery-strap-lsp-datasheet&utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=PPTC
https://www.littelfuse.com/products/battery-mini-breakers/metal-hybrid-protection.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=MHP
https://www.littelfuse.com/products/fuses/surface-mount-fuses/nano-2-fuses/881.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/cartridge-fuses/6x25mm-fuses/688.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/battery-protectors/itv-three-terminal-fuses.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Battery+Protector
https://www.littelfuse.com/products/polyswitch-resettable-pptcs/surface-mount/0805l.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=PPTC
https://www.littelfuse.com/products/fuses/surface-mount-fuses/nano-2-fuses/458?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1003.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1006/sp1006_01utg.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/current-sensing-resistors/metal-foil-surface-mount-resistors/l4cl.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Current+Sensing+Resistor
https://www.littelfuse.com/products/tvs-diodes/surface-mount/smf.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diodes/surface-mount/smf4l.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diode-arrays/low-capacitance-esd-protection/sp3021.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1007.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/polyswitch-resettable-pptcs/surface-mount/zeptosmdc.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=PPTC

Click the product series
in the table below for more info

@

Features and benefits of Littelfuse products

Technology Function in application Product series Benefits Features
NTC Analog temperature monitoring to facilitate KC Provides accurate temperature readings to enable safe | Insulated lead wires; small form factor;
functional control of batteries - device operation fast thermal response
TTape™ Temperature digital moritoring TP _Mult|ple_ mgmtormg points WIth single devise; easy Trip ter_nperature of 58+3, up to 50 sensing points on
I installation; wake-up function one string
Low resistance to maximize battery life. Suitable for Compact, space-saving size; holds a current of up to
PPTC X Lsp automotive applications (AEC-Q200 qualified) 5.5 A; RoHs-compliant
OR Cell-level protection; overtemperature and OR - S
overcurrent protection at the cell level MHP-TAT18 Allows for ultra-thin battery pack designs; enhances 9VDC rating and high current capacity; multiple
MHP battery safety in mobile devices; provides resettable S ; ’
. - X ) activation temperatures; UL-, CSA-, and |IEC-evaluated
protection, ensuring device longevity
Fuse Non-resettable overcurrent protection 881, 688 R(_educes customer qualification time in compliance with Thl'rd—part){ compllance. V\{lth QL/I EC,_Iow internal
- . third-party safety standards such as UL/IEC resistance; shock-safe; vibration-resistant
Non-resettable overcurrent and overcharge Offers overcurrent and overcharge protection and Surface-mountable; UL- and TUV-certified; three-pin
Battery Protector | rotection (activated on demand) v controlled disconnection; can be activated by BMS device; controlled fusible element
Saves space with a smaller footprint Surface-mountable; UL- and TUV-certified; three-pin
Fuse Non-resettable protection for BMS MOSFET 0805L device; controlled fusible element
OR from high currents due to OR Reduces customer qualification time in compliance with | Surface-mountable; compatible with lead-free solder
PPTC external shorts 458 third-party safety standards such as UL/IEC; processes as per |IEC standards; PPTC only for single-

allows for compact design with SMD form factor

cell applications

TVS Diode Array

Protects control devices from
voltage transients

SP1003, SC1006

Protects ICs and other sensitive components

Excellent clamping capability

Current Sensing

Excellent performance in terms of accuracy, noise

Tolerance down to 0.3%;

charging conditions

components from transients on power lines

; Part of current measurement circuitry L4CL performance, and surface heat distribution ; has a lower i .
Resistor separate voltage-sensing terminals
surface temperature
Protects battery packs from overvoltage - . S . . i
TVS Diode Array conditions due to abnormal SME, SME4L Improves system reliability by protecting downstream Low profile with a maximum height of 1 mm;

low leakage of 1.0 pA

PPTC

Overcurrent protection for TVS or Zener diodes

SP3021, SP1007

Resets to normal operation after fault is cleared; saves
space with a smaller footprint

Maximum electrical rating: 13 VDC; short circuit current:
82 ~ 200 mA; small footprint 0201 size

TVS Diode Array

ESD protection of 12C input

zeptoSMDC

Small, space-saving design prevents signal disruption
with low capacitance

UDFN-2 (0201) footprint; +30 kV ESD withstand voltage
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https://www.littelfuse.com/products/temperature-sensors/leaded-thermistors/epoxy-coated-thermistors/miniature-kc.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=NTC
https://m.littelfuse.com/media?resourcetype=datasheets&itemid=9ddb6400-14c6-477a-b08d-7ee9e6d4f7d1&filename=littelfuse-temperature-monitoring-device-ttape-datasheet&utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TTape
https://www.littelfuse.com/media?resourcetype=datasheets&itemid=a4d347f7-26c9-4c31-a233-a3eaa607f26a&filename=littelfuse-pptc-battery-strap-lsp-datasheet&utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=PPTC
https://www.littelfuse.com/products/battery-mini-breakers/metal-hybrid-protection.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=MHP
https://www.littelfuse.com/products/fuses/surface-mount-fuses/nano-2-fuses/881.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses/cartridge-fuses/6x25mm-fuses/688.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/battery-protectors/itv-three-terminal-fuses.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Battery+Protector
https://www.littelfuse.com/products/polyswitch-resettable-pptcs/surface-mount/0805l.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=PPTC
https://www.littelfuse.com/products/fuses/surface-mount-fuses/nano-2-fuses/458?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1003.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1006/sp1006_01utg.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/current-sensing-resistors/metal-foil-surface-mount-resistors/l4cl.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=Current+Sensing+Resistor
https://www.littelfuse.com/products/tvs-diodes/surface-mount/smf.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diodes/surface-mount/smf4l.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diode-arrays/low-capacitance-esd-protection/sp3021.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/tvs-diode-arrays/general-purpose-esd-protection/sp1007.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/polyswitch-resettable-pptcs/surface-mount/zeptosmdc.aspx?utm_source=SFD&utm_medium=Lithium+Battery&utm_campaign=PPTC

Digital temperature
monitoring for battery systems
(TTape™)




TTape™: overtemperature detection at each cell

= Extends serviceable life of battery packs and
adds safety

Increase resolution of temperature
monitoring areas

Monitors many cells/large areas using a single
TTape device, thus saving processing power

Can wake BMS in-case of overtemperature

Ultra-fast responses for quicker alerts

TTape™ added

2-4 NTC only (20x sensing points)

= No calibration + suitable for simple integration
with BMS

Conformal + ultra-thin (< 500 uym) for easy
installation

Dangerous
hot-spot

@A Littelfuse
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TTape™ platform and ITV: Enhanced
monitoring for Alkaline and Lithium batteries
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Redundant thermal protection: Works independently
with TTape™ for added safety, ensuring
overtemperature triggers prompt response

Heat detection with the TTape™ platform: Sensors
next to cells detect and signal high temperatures via
MOSFET activation

Safety-driven circuit break: TTape™ activates ITV
with MOSFET to sever cell connections during
overtemperature events, thus averting damage

— Can be combined with a BMS IC as a secondary
protection

— Open drain outputs from comparator and BMS ICs
can be combined using a wired OR gate, therefore
reusing the same transistor.

- BMS may disable the TTape™ triggering if it has
already taken action to mitigate issues

Enhanced cell monitoring: The connection of the
TTape™ device to each battery cell allows for increased
resolution of monitoring points, ensuring quick
responses

Littelfuse, Inc. ©2023 10



TTape™ platform and ITV: Enhanced
monitoring for Lithium batteries

%‘ ; ; + = Redundand thermal protection: Independent
T~ s v operation with TTape™ for quick overheating

>—— response.

| = If excessive heat is detected : TTape™

= = activates ITV with MOSFET to sever cell

connection during overtemperature events,

thus averting damage

= — Open drain outputs from comparator and

BMS ICs can be combined using a wired OR
N Comperator Enable gn - oo B 1G or TapeTaeviee gate, therefore reusing the same transistor.

AN

Al

EN:

T
T
T
a
p
e

IC

=
Second_ary % f
protection T f
—=

Temperature Indication Characteristics

- BMS disable the TTape™ triggering if it has

F J already taken action to mitigate issues
= - Alternatively TTape™ could be connected to
3 protection IC (in this case Comparator is not
. Logic 0: 30% h needed)
o4 Littelfuse Tomparars (1)

Expertise Applied | Answers Delivered *V/pp— Voltage supply to the drain Littelfuse, Inc. © 2023 11



Additional information can be found at Littelfuse.com

Explore the world of Littelfuse products and applications with eCatalogs (ecatalogs.littelfuse.com)

| B Litelius

s

Circuit Protection N Sensing Products
Selection Guide . Selection Guide

Click on
the images

for more
information
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Sensing Products
election Guid

Lithium-lon Battery Pack
Protection with PPTC )

PROTECTING
RECHARGEABLE LI-ION AND
LI-POLYMER BATTERIES

ble Electronics

S ttelfuss
Circuit Protection Protecting Rechargeable |
Li-ion Batteries )

Solutions Li-lon Cell .

PA Littelfuse
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General port protection
. Automotive . Datacenter & cloud
Building automation . Industrial

-} Consurnereleclronmsm Mobile & wearables

General Port Protection |
2 Littelfuse, Inc. © 2023
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https://electronicscatalogs.littelfuse.com/Sensing-Products-Selection-Guide/a/
https://electronicscatalogs.littelfuse.com/Circuit-Protection-Product-Selection-Guide/1/
https://www.littelfuse.com/
http://electronicscatalogs.littelfuse.com/
https://www.littelfuse.com/~/media/electronics/application_notes/littelfuse_circuit_protection_solution_for_lithium_cells_application_note.pdf.pdf?hsCtaTracking=760a1f76-27b1-44c6-bb0d-7924ec2856e0|4c93b65c-fc01-45d1-9c62-0a009ffa645f
https://www.littelfuse.com/~/media/electronics/application_notes/littelfuse_protecting_rechargeable_li_ion_and_li_polymer_batteries_in_consumer_portable_electronics_application_note.pdf.pdf
https://www.littelfuse.com/~/media/electronics_technical/application_notes/resettable_ptcs/littelfuse_resettable_ptcs_lorho_app_note.pdf
https://info.littelfuse.com/hubfs/General%20Port%20Protection%20Spotlight.pdf

Local resources supporting our global customers
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Yen My District [l

Littelfuse, Inc. © 2023
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Partner for tomorrow’s electronic systems

Broad product portfolio

We are industrial technology

manufacturing company empowering a
sustainable, connected, and safer world

Application expertise

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

Safety

Global customer service

Our global customer service team is

with you and can anticipate your needs
to ensure a seamless experience

@A Littelfuse
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Compliance & 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, and we offer certification
@ testing for global regulatory standards

Connectivity

Global manufacturing

Our high-volume manufacturing is
committed to complying with the
strictest quality standards

Littelfuse, Inc. ©2023 14
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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. The 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 their suitability for a particular system or use based on their own performance criteria,
conditions, specific applications, 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 the complete Disclaimer Notice at: www.littelfuse.com/disclaimer-electronics.



http://www.littelfuse.com/disclaimer-electronics
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