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PolySwitch® Resettable Devices (Medical Strap Devices)

Introduction PTC Strap Device

Battery Safety Risks 
in Portable Medical Devices

Portable medical devices–including infusion pumps, patient 
monitors, handheld diagnostic instruments, and oxygen 
concentrators–rely heavily on rechargeable lithium-ion 
(Li-ion) and lithium-polymer (LiPo) battery packs to deliver 
the mobility demanded by both clinicians and patients. While 
these chemistries offer outstanding energy density, they are 
susceptible to damage from overcurrent events such as short 
circuits, component failures, and mechanical abuse, all of which 
can result in thermal runaway, fire, or explosion.

Positive Temperature Coefficient (PTC) strap devices provide a 
passive, and highly reliable solution to this problem. Mounted 
directly in series with the battery cell or pack, a PTC strap has 
a very low resistance under normal operating conditions. This 
transitions to a very high-resistance state–effectively opening 
the circuit–whenever current or temperature exceeds safe 
thresholds. This application note describes how PTC strap 
devices protect batteries in portable medical equipment and 
explains how they support compliance with key international and 
national standards.

Littelfuse PTC Strap devices include SRP, LR4, LSP, VTP, VLR, and 
VLP series. These polymer based devices come in a flat, tab-like 
form factor and can be incorporated into cylindrical based packs, 
prismatic cells or even pouch packs. These are spot welded 
to cells. 

Under normal load current the device runs cool, resistance 
remains in the milliohm range, and power dissipation is 
negligible. If current rises above the rated hold current (Ih), 
resistive self-heating accelerates causing the polymer to 
transition to a high resistive state, effectively opening the circuit 
and protecting the cell from thermal runaway.

Once the overcurrent condition is removed and the device 
cools, resistance returns to its low nominal value and the circuit 
is automatically restored without any manual intervention or 
component replacement.

Medical device designers must contend with a unique 
combination of hazards that drive the requirement for robust 
battery protection:

•	 External short circuit due to patient handling, connector 
abuse, liquid ingress, or damaged cabling

•	 Internal short circuit from cell ageing, separator degradation, 
or manufacturing defects

•	 Overcharge or over-discharge resulting from charger faults or 
BMS failures

•	 Elevated ambient temperature in clinical or transport 
environments

•	 Mechanical deformation from drops or pressure 
(wearable devices)

•	 Cascading cell-to-cell thermal propagation in multi-cell packs

Any of these scenarios can initiate thermal reactions within 
lithium cells. Medical devices may be in direct contact with 
patients, may operate in oxygen-enriched environments 
(e.g. MRI suites, hyperbaric chambers), or may be implanted 
adjacent to the body–all situations where a thermal event could 
be catastrophic.

Figure 1: PTC Strap Devices
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How PTC Strap Devices 
Protect Medical Battery Packs
Cell-Level Integration

Complementing the Battery Management System 
(BMS)

Automatic Reset–Maintaining Device Availability

Low Profile and High Reliability

PTC straps are welded or soldered directly to the positive (or 
negative) terminal of each individual cell prior to pack assembly. 
This placement means protection is applied at the lowest 
possible level of the electrical hierarchy, before any pack-level 
wiring or BMS circuitry. Even a cell-internal short–which might 
not be detected rapidly by external electronics–immediately 
triggers the PTC strap.

Most medical battery packs already incorporate a Battery 
Management System IC that monitors voltage, current, and 
temperature and can open an electronic switch (e.g. MOSFET) 
to interrupt charging or discharging. The PTC strap provides a 
second, fully independent layer of protection that requires no 
power, no firmware, and no control logic. 

Unlike a one-shot fuse, a PTC strap resets automatically after 
the fault condition is cleared. For a medical device such as an 
ambulatory infusion pump or a patient monitor, this characteristic 
is clinically important: the device can resume operation without 
requiring disassembly, component replacement, or return 
to a service centre. At the same time, if the underlying fault 
persists, the PTC strap will retrigger, preventing resumption of a 
hazardous condition.

PTC strap devices are manufactured in very flat form factors 
(typical thickness <1 mm) suitable for wrapping around cylindrical 
or prismatic cells. They contain no moving parts, require no 
activation or priming, and maintain stable characteristics across 
thousands of trip-reset cycles. This reliability profile is well-suited 
to the long service intervals and high MTBF requirements of 
regulated medical equipment.

PTC Strap Device
Medical device manufacturers must demonstrate compliance 
with an increasingly complex matrix of international and national 
safety standards. PTC strap devices directly support the 
requirements of the standards summarised in Table 1 below.

Standard Title/Scope Relevant Requirement

IEC 62133-2:2017

Safety requirements for 
portable sealed secondary 

lithium cells/batteries for use 
in portable applications–Part 

2: Lithium systems

Short circuit protection 
(Clause 7.3.7), forced 

discharge, external heating. 
PTC strap provides passive 

overcurrent interrupt for short 
circuit test compliance.

IEC 60601-
1:2005+AMD2:2020

Medical electrical equipment 
–General requirements for 
basic safety and essential 

performance

Clause 8.4.3 (single fault 
conditions) requires that no 
single fault–including battery 
short circuit–creates an unac-
ceptable risk. PTC strap is a 
discrete protective means.

IEC 60601-1-
11:2015+AMD1:2020

Requirements for ME 
equipment used in home 
healthcare environments

Demands same single-fault 
safety as IEC 60601-1 in 
environments with less 

technical supervision; PTC 
strap operates without user 

intervention.

IEC 62368-1:2018

Audio/video, information and 
communication technology 
equipment–Hazard-based 

safety engineering

Clause 5.4 limits electrical 
energy to prevent ignition. 
PTC strap is a safeguard 

limiting power delivered to a 
cell under fault conditions.

IEC 62619:2022

Safety requirements for 
secondary lithium cells and 
batteries for use in industrial 

applications

Overcurrent protection re-
quirements (Clause 6.2). PTC 
strap provides hardware-level 
current limiting independent 

of BMS firmware.

UL 2054
Household and Commercial 

Batteries (UL Standard)

Short circuit and 
overtemperature tests. 
Resettable PTC devices 
are explicitly recognised 
as acceptable protective 
components (Section 8– 

Protective Devices).

UL 60601-1
US national adoption of IEC 

60601-1 for medical electrical 
equipment

Same single-fault and protec-
tion requirements as IEC 

60601-1; PTC strap provides 
an independent hardware 

safeguard.

Table 1: PTC Strap Devices Standards

Note:
Standards are subject to amendment. Designers should always verify the current applicable edition and confirm specific 
clause requirements with a qualified safety engineer or Notified Body. Compliance with these standards using PTC strap 
devices should be substantiated through a documented risk management process per ISO 14971.
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Disclaimer Notice - 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 components, and environmental conditions.  
Customers 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 shall not be used for, any purpose (including, without limitation, automotive, military, aerospace, medical, life-saving, life-sustaining or nuclear facility 
applications, devices intended for surgical implant into the body, or any other application in which the failure or lack of desired operation of the product may result in personal injury, death, or property 
damage) other than those expressly forth in applicable Littelfuse product documentation. Littelfuse shall not be liable for any claims or damages arising out of products used in applications not expressly 
intended by Littelfuse as set forth in applicable Littelfuse documentation.

Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics

Integration with ISO 14971 Risk Management Summary

Typical Application Circuit

ISO 14971:2019 requires medical device manufacturers to 
identify hazardous situations, estimate risks, and implement risk 
controls. The PTC strap device fits naturally into this framework 
as a technical safety control targeting the battery short circuit and 
overcurrent hazard:

•	 Hazard: Lithium cell overcurrent leading to thermal runaway

•	 Hazardous situation: Patient or operator contact with a device 
experiencing thermal runaway

•	 Harm: Burns, fire, explosion, toxic gas release

•	 Risk control (engineering control): PTC strap device interrupts 
overcurrent before thermal runaway threshold is reached

•	 Residual risk: Residual leakage current through tripped PTC 
strap is characterised and documented; automatic reset 
behaviour is evaluated for its effect on device availability 
and safety

The effectiveness of the PTC strap as a risk control should be 
verified by testing to the applicable clauses of IEC 62133-2 and 
IEC 60601-1, and the verification results documented in the Risk 
Management File. Any change in cell chemistry, cell supplier, or 
battery pack geometry that could alter short circuit current or 
heat dissipation characteristics should trigger a risk 
management review.

PTC strap devices offer portable medical device designers a 
compact, passive, and inherently reliable means of protecting 
lithium battery cells against overcurrent events. Their integration 
at cell level provides a layer of protection independent of 
electronic BMS circuitry, consistent with the single-fault safety 
philosophy of IEC 60601-1 and UL 60601-1. The automatic 
reset characteristic maintains device availability without user 
intervention, while the robust polymer technology delivers stable 
performance across the product lifetime.

By incorporating PTC strap devices into battery pack designs, 
engineers can more readily demonstrate compliance with IEC 
62133-2, IEC 60601-1, IEC 62368-1, IEC 62619, UL 2054, and 
related standards, and build a defensible case within their ISO 
14971 risk management documentation.

Figure 2 (below) illustrates the recommended placement of a 
PTC strap device within a Li-ion pack designed for a portable 
medical device. The PTC strap is placed in series with the battery 
and provides a second level of protection if the control circuit 
malfunctions. The BMS IC monitors cell voltages and pack 
current via a sense resistor and can independently interrupt the 
charge/discharge FETs; the PTC strap operates autonomously 
and requires no signal from the BMS.
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Figure 2: PTC Strap Device in a Li-ion Pack in Medical Devices


