
Lithium Battery Pack 

Protection and Control
Appliances

Energy Storage

REV1123

Users must independently evaluate the suitability of and test each product selected for their own specific applications. It is the User’s sole responsibility to determine fitness for a 

particular system or use based on their own performance criteria, conditions, specific application, compatibility with other parts, and environmental conditions. Users must 

independently provide appropriate design and operating safeguards to minimize any risks associated with their applications and products. Littelfuse products are not designed 

for, and may not be used in, all applications. Read complete Disclaimer Notice at littelfuse.com/disclaimer-electronics.

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


2Lit telfuse, Inc. © 2023 2

Lithium batteries market statistics and drivers

Estimated capacity of Lithium batteries

growing at a ~28% CAGR (in gigawatt hours)
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. 

Source: Statista

https://www.statista.com/study/22772/lithium-ion-batteries-statista-dossier/
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Littelfuse offers solutions for every battery system
Smart phones  large eMobility batteries  utility-grade systems

Small

battery system

Large

battery system

Overvoltage Protection
MOV, SPD, SIDACtor®,

TVS Diode

Power Control
MOSFET/IGBT,

Power Module, Gate Driver

ESD Protection
TVS Diode, TVS Diode Array, 

Polymer ESD

Isolation Monitoring
Solid State Relay, Reed Relay

Sense Line Protection
Fuse, TVS Diode

Overcurrent Protection
Fuse, PPTC, Battery Protector,

Battery Mini-breaker

Battery  Disconnect
DC Disconnect Switch,
HVDC Contactor Relay

Ground Fault and 

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

Sensing Solution
Magnetic Sensor,

Temperature Sensor, TTapeTM

* Contact sales for  details
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Small battery system application map
Cell-level Protection

PPTC, Battery Strap,
Battery Mini-breaker

USB Port Protection
eFuse, Temperature Indicator, 

PPTC, TVS Diode Array

Secondary Protection
(Battery-pack Level)

Fuse, Battery Protector, TVS Diode

Signal Line Protection
PPTC, TVS Diode Array

Battery Status Indicator
Tact ile Switch

Temperature Sensing
NTC, RTD, TTapeTM

* Contact sales for  details

Portable

devices

Battery-powered

tools with motors
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Common hazards related to Lithium battery systems

* Contact sales for  details

Causes

▪ Excessive current to battery pack 

(e.g., faulty chargers)

▪ Internal/external short circuits

(e.g., manufacturing defect)

Causes

▪ Overcharging of battery

▪ High discharge rate

▪ Short circuits

Causes

▪ Field-induced surge

▪ ESD from device

▪ Discharge on to device

Battery Fuel Gauge IC + 

Charge/discharge FET

Battery Controller

+ 

Charge/discharge FET

Common electrical 

threats

Overcharging

(overvoltage) and 

overcurrent

Overheating Surge and ESD

OR

Overcurrent  protection

Battery 

Protectors
Fuse TTapeTM

Temperature

 indication

NTC

Ambient and

anomalous temperature

OR

ESD protection

TVS Diode 

Array
TVS DiodeOR
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Digital temperature sensor

PolySwitch®

PPTC

Battery Mini-

Breakers

PolySwitch®

PPTC

Overcurrent  and overtemperature protection

OR

eFuse

USB port protection
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Battery pack system architecture: small up to 60 V

Technology Product series

1

NTC KC

TTapeTM TTP

PPTC

OR

MHP

LSP

OR

MHP-TAT18

2

Fuse

OR

Battery Protector

881, 688

OR

ITV

3

Fuse

OR

PPTC

458

OR

0805L

Current Sensing 

Resistor
L4CL

4 TVS Diode SMF, SMF4L

5
TVS Diode Array SP1006

PPTC zeptoSMDC▪ Secondary protection: Protects cells if the pr imary safety circuit fa ils.

▪ Primary protection: Handles all the basic safety functions: overvoltage, undervoltage,

overcurrent, under-temperature, and overtemperature.

Legend:

 Power

 Data

Click the product series

in the table below for more info

Primary 

protection

ID pin

Signal

lines

Battery−

Battery+

To device/

charger

5

Secondary 

protection

2

Battery management 

unit, cell balancing

3

4

1

Battery Cells

_

+

Temperature

sensing
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https://www.littelfuse.com/products/sensors/temperature-sensors/ntc-discrete-sensors/kc?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=NTC
https://www.littelfuse.com/products/sensors/temperature-sensors/digital-temperature-indicators/ttp?utm_source=spotlight&utm_medium=Lithium+battery&utm_campaign=TTape
https://www.littelfuse.com/products/fuses-overcurrent-protection/polyswitch-resettable-pptc-devices/battery-strap/lsp?utm_source=spotlight&utm_medium=Lithium+battery&utm_campaign=PPTC
https://www.littelfuse.com/products/fuses-overcurrent-protection/circuit-breakers/thermal/mini-breaker-mhp/mhp-tat18?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=MHP
https://www.littelfuse.com/products/fuses-overcurrent-protection/fuses/surface-mount-fuses/nano-2-fuses/881?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses-overcurrent-protection/fuses/cartridge-fuses/6x25mm-fuses-cartridge-fuses/688?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses-overcurrent-protection/battery-protector/itv-three-terminal-fuses?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Battery+Protector
https://www.littelfuse.com/products/fuses-overcurrent-protection/fuses/surface-mount-fuses/nano-2-fuses/458?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses-overcurrent-protection/polyswitch-resettable-pptc-devices/surface-mount-polyswitch-resettable-pptc-devices/0805l?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=PPTC
https://www.littelfuse.com/products/capacitors-inductors-resistors/resistors/current-sensing-resistors/metal-foil-surface-mount-resistors/l4cl?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Current+Sensing+Resistor
https://www.littelfuse.com/products/overvoltage-protection/tvs-diodes/surface-mount/smf?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/overvoltage-protection/tvs-diodes/surface-mount/smf4l?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/overvoltage-protection/tvs-diode-arrays/general-purpose/sp1006?utm_source=spotlight&utm_medium=Lithium+battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/fuses-overcurrent-protection/polyswitch-resettable-pptc-devices/surface-mount-polyswitch-resettable-pptc-devices/zeptosmdc?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=PPTC
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Features and benefits of Littelfuse products
Technology Function in application Product series Benefits Features

1

NTC
Analog temperature monitoring to facilitate 

functional control of batteries
KC

Provides accurate temperature readings to enable safe 

device operation

Insulated lead wires; small form factor;

fast thermal response

TTapeTM Managing battery lifetime and helping identify 

hazardous temperature levels
TTP

Simple integration with existing BMS architectures + 

enables enhanced BMS control systems

Trip temperature of 58±3 °C, up to 50 sensing points on 

one string; enable BMS wakeup and single GPIO port 
usage

PPTC

OR
MHP

Cell-level protection; overtemperature and 

overcurrent protection at the cell level

LSP

OR
MHP-TAT18

Low resistance to maximize battery life; suitable for 

automotive applications (AEC-Q200 qualified)

Compact, space-saving size; holds a current of up to 5.5 

A; RoHs-compliant

Allows ultra-thin battery pack designs; enhances battery 

safety in mobile devices; provides resettable protection, 
ensuring device longevity

9 VDC rating and high current capacity; multiple 

activation temperatures; UL-, CSA-, and IEC-evaluated

2

Fuse

OR

Battery Protector

Non-resettable overcurrent protection 881, 688

OR

ITV

Reduces customer qualification time in compliance with 

third-party safety standards such as UL/IEC

Third-party compliance with UL/IEC, low internal 

resistance; shock-safe; vibration-resistant

Non-resettable overcurrent and overcharge 

protection (activated on demand)

Offers overcurrent and overcharge protection and 

controlled disconnection; can be activated by BMS

Surface-mountable; UL- and TUV-certified; three-pin 

device; controlled fusible element

3

Fuse

OR

PPTC

Non-resettable (Fuse) or resettable (PPTC) 

protection for Battery Management System 
MOSFET from high currents due to

external shorts

458

OR

0805L

Saves space with a smaller footprint
Surface-mountable; UL- and TUV-certified; three-pin 

device; controlled fusible element

Reduces customer qualification time in compliance with 

third-party safety standards such as UL/IEC;
allows compact design with SMD form factor

Surface-mountable; compatible with lead-free solder 

processes as per IEC standards; PPTC only for
single-cell applications

Current Sensing 

Resistor
Part of current measurement circuitry L4CL

Cost-effective solution compared to competing 

technologies; compact size; late temperature de-rating 

Tolerance down to 0.5%;

separate voltage-sensing terminals; SMD form factor

4 TVS Diode
Protects battery packs from overvoltage 

conditions due to abnormal
charging conditions

SMF, SMF4L
Improves system reliability by protecting downstream 

components from transients on power lines

Low profile with a maximum height of 1 mm;

low leakage of 1.0 µA

5
PPTC Overcurrent protection for TVS or Zener diodes zeptoSMDC

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 I2C or other MCU/BMS ports SP1006
Small, space-saving design prevents signal disruption 

with low capacitance
µDFN-2 (0201) footprint; ±30 kV ESD withstand voltage

Click the product series

in the table below for more info

https://www.littelfuse.com/products/sensors/temperature-sensors/ntc-discrete-sensors/kc?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=NTC
https://www.littelfuse.com/products/sensors/temperature-sensors/digital-temperature-indicators/ttp?utm_source=spotlight&utm_medium=Lithium+battery&utm_campaign=TTape
https://www.littelfuse.com/products/fuses-overcurrent-protection/polyswitch-resettable-pptc-devices/battery-strap/lsp?utm_source=spotlight&utm_medium=Lithium+battery&utm_campaign=PPTC
https://www.littelfuse.com/products/fuses-overcurrent-protection/circuit-breakers/thermal/mini-breaker-mhp/mhp-tat18?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=MHP
https://www.littelfuse.com/products/fuses-overcurrent-protection/fuses/surface-mount-fuses/nano-2-fuses/881?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses-overcurrent-protection/fuses/cartridge-fuses/6x25mm-fuses-cartridge-fuses/688?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses-overcurrent-protection/battery-protector/itv-three-terminal-fuses?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Battery+Protector
https://www.littelfuse.com/products/fuses-overcurrent-protection/fuses/surface-mount-fuses/nano-2-fuses/458?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Fuse
https://www.littelfuse.com/products/fuses-overcurrent-protection/polyswitch-resettable-pptc-devices/surface-mount-polyswitch-resettable-pptc-devices/0805l?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=PPTC
https://www.littelfuse.com/products/capacitors-inductors-resistors/resistors/current-sensing-resistors/metal-foil-surface-mount-resistors/l4cl?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=Current+Sensing+Resistor
https://www.littelfuse.com/products/overvoltage-protection/tvs-diodes/surface-mount/smf?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/overvoltage-protection/tvs-diodes/surface-mount/smf4l?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=TVS+Diode+Array
https://www.littelfuse.com/products/fuses-overcurrent-protection/polyswitch-resettable-pptc-devices/surface-mount-polyswitch-resettable-pptc-devices/zeptosmdc?utm_source=spotlight&utm_medium=Lithium+Battery&utm_campaign=PPTC
https://www.littelfuse.com/products/overvoltage-protection/tvs-diode-arrays/general-purpose/sp1006?utm_source=spotlight&utm_medium=Lithium+battery&utm_campaign=TVS+Diode+Array


Digital temperature

monitoring for battery systems (TTape )
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TTape  platform: overtemperature detection at each cell

▪ Detect dangerous hotspot due to cell 

imbalance, ageing, external heat, high load or 
fast charging

▪ Extends serviceable life of battery packs and

adds safety:
− Increase resolution of temperature

monitoring areas, TTape  platform sensing 
points are on each cell

− Monitors many cells/large areas using a 

single TTape device, thus saving 
processing power

− Ultra-fast responses for quicker alerts

▪ Can wake BMS in-case of overtemperature

▪ No calibration + simple integration

with BMS

▪ ≤ 500 µm thin → conformal installation
Dangerous 

hot-spot

TTape  device added 
(20x sensing points)

NTC
2−4 NTC only
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TTapeTM platform and ITV:

monitoring for rechargeable Lithium batteries

▪ TTape  device detects the temperature of each 

battery cell and connects to battery
protection IC

▪ When a cell's temperature exceeds limits, 

TTape  resistance change is recorded by 
MCU. MCU activate a cutoff mechanism (in this 

example MOSFET with ITV)

▪ The MCU could take other action based on the 

TTape  alert, such as initiating cooling systems 
or alerting users to potential safety issues.

* ITV – Three-terminal fuse. Third heater terminal activated by MOSFET.

Temperature Indication Characteristics 

*VDD– Voltage supply to the drain

Secondary 
protection

IC

+

-

ITV

T
T
a

p
e
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TTapeTM platform and ITV:

monitoring for Alkaline and primary Lithium batteries

▪ TTape  device detects the temperature of each 

battery cell and connects to comparator.

▪ The comparator evaluates this resistance 
change; if it indicates an overtemperature 

condition, device sends a signal to activate the 
MOSFET.

▪ The activated MOSFET then triggers the ITV 
(Three-terminal Fuse), which disconnect the 
power to the battery, preventing thermal 

runaway or potential battery damage.
* ITV – Three-terminal fuse. Third heater terminal activated by MOSFET.

T
T
a

p
e

+

-

ITV
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Additional information can be found at Littelfuse.com
Explore the world of Littelfuse products and applications with eCatalogs (ecatalogs.littelfuse.com)

Circuit Protection

Selection Guide

Sensing Products

Selection Guide

Click on 

the images 

for more 

information

Circuit Protection 

Solutions Li-Ion Cell

Protecting Rechargeable 

Li-ion Batteries

Lithium-Ion Battery Pack 

Protection with PPTC
General Port Protection

https://www.littelfuse.com/
http://electronicscatalogs.littelfuse.com/
https://electronicscatalogs.littelfuse.com/Sensing-Products-Selection-Guide/a/
https://electronicscatalogs.littelfuse.com/Circuit-Protection-Product-Selection-Guide/1/
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
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Local resources supporting our global customers

São Paulo

Milpitas

Long Beach

Rapid City

Meridian

Saskatoon

Chicago

Mount Prospect

Madison

Rock Falls

Troy

Champaign

Beverly

Plainville

Waltham

Brownsville

Piedras Negras

Matamoros

Matehuala

Muzquiz

Concepcion Del Oro 

Legnago

San Mart ino 

in Strada

Beijing

Wuxi

Suzhou

Shanghai

Kunshan

Tsukuba

Tokyo

Seoul

Seongnam

Hsinchu

Lipa City

Taipei

Singapore

Zhongshan

Shenzhen

Dongguan

Hong Kong

Huizhou

Kaunas

Vilnius

Amsterdam

Deventer

Houten

Hoofddorp

Sales 

Legend

R&D

Manufacturing

Bremerhaven

Bremen

Lampertheim

Essen 

Lauf

Noida

Kanpur

Round Rock

Jupiter

Allen

Dole

Lons-le-Saunier

Saint-Claude

Serris

Yen My District

Coventry

Chippenham

Exeter

Ballinasloe

San Sebastián

Cadiz

Lenzburg

Manaus
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Partner for tomorrow’s electronic systems

We are industrial technology 

manufacturing company empowering a 
sustainable, connected, and safer world

Broad product portfolio

Our engineers partner directly with 

customers to speed up product 
design and meet their unique needs

Application expertise

Our global customer service team is 

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

Global customer service

We help customers in the design 

process to account for requirements 
set by global regulatory authorities

Compliance & regulatory expertise

We help customers get products to 

market faster, and we offer certification 
testing for global regulatory standards

Testing capabilities

Our high-volume manufacturing is 

committed to complying with the 
strictest quality standards

Global manufacturing
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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 fitness for a particular purpose, 

and non-infringement.  It is the customer’s sole responsibility to determine suitability for a particular system or use based on their own performance criteria, conditions, specific 
application, compatibility with other parts, and environmental conditions. Customers must independently provide appropriate design and operating safeguards to minimize any 

risks associated with their applications and products. Read complete Disclaimer Notice at littelfuse.com/disclaimer-electronics.

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