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Introduction 

Since  the early days of electrical distribution, fuses have played a critical role in protecting circuits from overcurrent 
conditions. While traditional fuses offered simplicity, they lacked flexibility and intelligence. Modern applications, 

ranging from industrial automation to consumer electronics, require advanced protection features to ensure safety, 
reliability, and longevity. Key features such as adjustable current limits, thermal shutdown, and rapid fault response 
help safeguard users, prevent equipment damage, and maintain operational integrity. 

 
Toshiba introduced its first eFuse series in 2020, and since then, the portfolio has grown to meet evolving demands: the 
TCKE6 series for 40 V systems, TCKE9 for high-current applications, and the TCKE14 series designed for up to 80 V. This 
whitepaper explores how eFuses deliver smarter, safer, and more efficient power protection compared to conventional 

solutions. 
 

Limitations of conventional fuses 

Fuses have long served as simple, sacrificial devices to protect circuits from overcurrent conditions. By interrupting the 

flow of current during a fault, they prevent damage to power sources, reduce the risk of fire from overheated 

conductors, and safeguard users from electric shock. However, once a fuse blows, the system must be inspected and 
the fuse replaced - a minor inconvenience in accessible devices, but a costly challenge in sealed or remote installations. 

 
Functionally, conventional fuses also suffer from a slow response time, with reactions typically taking longer than one 

second to occur. This slowness is compounded by tolerance issues, as the specific current required to blow the fuse can 

vary by ±25%. This wide variance complicates the implementation of precise protection strategies. Additionally, 
conventional fuses lack adaptability when dealing with inrush currents; to handle startup surges without failure, specific 
timed fuses may be required. Ultimately, the combination of these factors - lack of precision, limited adaptability, and 
maintenance demands  - makes conventional fuses increasingly problematic for modern electronics and industrial 

technology. 
 

Resettable fuses, such as polymeric positive temperature coefficient (PPTC) devices, address the single-use design issue 

of conventional fuses. They increase resistance under fault conditions and return to near-normal values upon cooling. 
This protection mechanism makes them suitable for applications like USB ports. - primarily because they provide 
automatic, resettable overcurrent and overtemperature protection without requiring manual replacement, as 

mandated by the USB specification. Yet PPTCs have drawbacks: slow reaction times (often several seconds), residual 
current flow even when tripped, and sensitivity to ambient temperature, which requires careful thermal derating 
analysis. 

 

Modern electronic systems demand more than simple overcurrent protection. Traditional fuses and PPTCs lack 
precision, adaptability, and remote control capabilities - features that are increasingly critical in applications ranging 
from industrial automation to consumer electronics. To address these challenges, silicon-based electronic fuses 

(eFuses) have emerged as a smarter alternative, providing advanced features such as adjustable current limits, thermal 
shutdown, and integrated fault diagnostics. 
 

How eFuses work 

eFuses employ a low-resistance MOSFET switch controlled primarily by the integrated current-sensing circuitry. Should  
the current exceed a pre-defined limit, the switch opens within a sub-microsecond response time, thereby preventing 

damage to power sources and cabling more effectively than traditional alternatives. Like PTTC fuses, eFuses are 
resettable, either automatically or via a signal from a microcontroller, enabling rapid recovery and reducing downtime. 
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Advanced features beyond protection 

As semiconductor devices, eFuses offer a rich set of configurable features designed to handle complex power scenarios. 
Key among these is inrush current control, which utilises an adjustable slew rate to prevent surges during startup, and a 

voltage clamp that maintains the output voltage below a designated safe threshold. To ensure stability, under-voltage 
lockout (UVLO) ensures that the device operates only within valid input ranges, while reverse-current protection 
prevents reverse current from flowing back into the source. Furthermore, eFuses include an adjustable current limit 

tailored to system requirements and a thermal shutdown feature to protect against overheating. Finally, they provide a 
status feedback and control interface, enabling ongoing monitoring and remote resets. These capabilities make eFuses 
particularly suitable for systems that require high reliability, a compact design, and intelligent fault management. 
 

Implementation considerations 

When implementing eFuses, the integration process is designed to be straightforward, allowing engineers to 

incorporate advanced protection without significant design complexity. Key configuration steps involve setting the 
current limit using an external resistor, known as RILIM. Furthermore, inrush current control is managed by configuring a 

specific capacitor (Cdv/dt) (Figure 1). 

 

 
Figure 1: Example application circuit for an eFuse protection solution [Source: Toshiba] 
 
For control and communication, the enable function and UVLO are typically handled through a single pin. This 

streamlined approach facilitates easy interfacing with a microcontroller, ensuring that the advanced features of the 

eFuse are accessible through simple design steps 
 

Where eFuses make the difference 

Modern electronic systems often supply power to external devices that were not originally designed by the 

manufacturer, creating potential risks for overcurrent, short circuits, and voltage anomalies. eFuses are currently 
implemented across a wide range of industries where protecting sensitive components and minimising downtime are 
critical priorities.  
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In consumer electronics, these devices are most effectively used to safeguard USB ports, charging circuits, and storage 

interfaces (Figure 2). Their application extends into industrial automation, where they are used to protect 24 V power 

rails, programmable logic controller (PLC) expansion modules, and factory control systems. 
 

 
Figure 2: Protection of a USB charging outlet using Toshiba’s TCKE805NA eFuse [Source: Toshiba] 
 
Beyond these sectors, eFuses play a vital role in the internet-of-things (IoT) and portable devices, specifically within 
battery-powered sensors and smart appliances. They are also increasingly prominent in high-voltage applications, 

supporting power distribution and automation systems that require voltages up to 80 V. 
 
The widespread adoption of eFuses in these specific applications is driven by their operational superiority over 

traditional fuses or PPTCs. Unlike standard fuses, eFuses provide sub-microsecond fault response to protect sensitive 

electronics and offer automatic or manual reset capabilities, thereby significantly reducing system downtime. 
Furthermore, they allow for configurable protection features, such as inrush current control, voltage clamping, and 
thermal shutdown, and provide status feedback that enables seamless integration with microcontrollers or system 

monitoring tools. 
 

Summary and outlook 

The introduction of eFuses has transformed circuit protection from a passive safeguard into an intelligent, configurable 

solution. Compared to traditional fuses, eFuses are non-sacrificial, offer precise current limiting, and integrate advanced 
features such as overvoltage and undervoltage protection, thermal shutdown, and inrush current control. They 
combine the reset capability of PPTCs with the speed and accuracy of solid-state technology, all in a compact, surface-

mounted form factor requiring minimal external components. Compliance with standards such as IEC 62368 and UL 
further simplifies end-product certification. 

 

Toshiba has continuously expanded its eFuse portfolio to address evolving market needs. The TCKE8 series serves as 
the foundation, providing compact, intelligent protection. Building on this, the TCKE9 series is optimised for consumer 
and IoT applications that require high current handling and a compact form factor. In contrast, the TCKE6 series is 
designed for industrial 24V systems, with a capability rating up to 40V. Finally, the TCKE14 series targets higher voltage 

environments up to 80 V in factory automation and power distribution. 
 

As power systems become more complex, driven by IoT, Industry 4.0, and higher voltage architectures, the demand for 

smarter, faster, and more integrated protection will continue to grow. Future eFuse generations will likely offer 
extended voltage ranges for industrial and automotive sectors, enhanced diagnostics and communication interfaces for 
predictive maintenance, and integration with system-level monitoring for fully connected power management. By 
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adopting eFuses today, designers position their systems for greater reliability, safety, and scalability in tomorrow’s 

connected world. 

  

https://toshiba.semicon-storage.com/eu/contact.html


   

 

Whitepaper 

Copyright 2026 © TOSHIBA ELECTRONICS EUROPE GMBH, All Rights Reserved. 
 

Restrictions On Product Use 
 

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”. 
Hardware, software and systems described in this document are collectively referred to as “Product”. 

• TOSHIBA reserves the right to make changes to the information in this document and related Product without notice. 

• This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with 

TOSHIBA’s written permission, reproduction is permissible only if reproduction is without alteration/omission. 

• Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are 

responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software 
and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, 

bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs 

includin g the Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) 
the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data 

sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability 
Handbook" and (b) the instructions for the application with which the Product will be used with or for. Customers are solely 

responsible for all aspects of their own product design or applications, including but not limited to (a) determining the 

appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any 
information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other 

referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO 

LIABILITY FOR CUSTO MERS' PRODUCT DESIGN OR APPLICATIONS.  

• PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE  
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY 

CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT  

("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without 
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting 

medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signalling equipment, 
equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power 

plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please 

contact your TOSHIBA sales representative or contact as via our website. 

• Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part. 

• Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under 

any applicable laws or regulations. 

• The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for 

any infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No 

license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise. 

• ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR 
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, 

INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING 
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND 

(2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT , OR 

INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, 

ACCURACY OF INFORMATION, OR NONINFRINGEMENT. 

• Do not use or otherwise make available Product or related software or technology for any military purposes, including without 

limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile 

technology products (mass destruction weapons). Product and related software and technology may be controlled under the 
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and 

the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly 

prohibited except in compliance with all applicable export laws and regulations. 

• Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of 

Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of 

controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR 

LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.  


