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Abstract

Power hazards in electronic circuitry can be divided into two general categories: overcurrent risks and
overvoltage risks. Overcurrent conditions are typically caused by overloads or short circuits, whereas
overvoltage conditions are typically caused by fast transient voltages such as lightning strikes or switching  
of inductive loads. If severe enough, fast transients can damage other components or impair their isolation 
materials, and this can have the effect of creating overcurrent conditions elsewhere in the circuit.

Overcurrent conditions can have a number of undesirable consequences, including overheating of electrical 
conductors in power lines, cables, wires, and electronic units. Overheating of electrical conductors, in turn, 
can result in damage to the surrounding isolation materials and, depending on the type of materials, can 
result in smoke and fire. Paradoxically, the tendency of overvoltage and overcurrent conditions to elevate the 
temperature of electrical conductors is the phenomenon that makes fuses possible. When the melting and 
vaporization of the electrical conductive material in a fuse is carefully controlled and predictable, its self-
destruction becomes a reliable way to interrupt the consequences of overcurrent conditions and thus to 
prevent fires. Today’s fuse technologies cover a wide area of applications, from high-voltage power 
distribution systems to the electronic systems in industry, businesses, and the home. The trend toward 
miniaturization and the increasing demand for mobile electronic devices are the main technology drivers for 
chip fuses, i.e. fuses in chip-size packages. This paper will compare the benefits and performance of various 
chip fuse technologies, including thin film resistor technology, while showing that key technical parameters 
for fuses such as their rated current, rated voltage, and safety agency approvals are as significant figures of 
merit as their ratings for long-term stability, pulse load capability, reliability, and repeatability.

Principle designs of chip fuses

Before we talk about the electrical properties of chip fuses let us have a look on the principle design of chip 
fuses. Understanding of different designs will help to appraise the differences of their properties. Whether 
standard melting fuses are based on a metal wire inside a capped ceramic or glass tube filled with air or 
sand do chip fuses have a complete different design. Most chip fuses are looking like standard chip 
components.
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Overcurrent Protection with Thin Film Resistor

Well known from chip components do chip fuses have a body based on single or
multilayer ceramic substrates. Some older designs are based on epoxy fiberglass
substrates similar to printed circuit boards. The elementary fusing element on top of the 
single layer or inside the multi layer substrate is based on high conductive material like 
cupper, cupper-tin, silver-palladium or gold. Depending on the used substrate the shapes 
of the fusing element differ from LASER trimmed thick film over chemical etched slim 
structures down to bonded gold wire. More or less all different shapes will melt in a 
certain time by overload conditions if the electrical current reaches a certain level. As the
functional layer of chip components the fusing element has to be protected against the 
environment as well. Whether fuse elements of single layer chip fuses are covered by 
lacquers or epoxy are fusing elements of multilayer chip fuses protected by their 
substrate layers itself. Due to the ability of carrying rated currents up to 7 – 8 Amperes 
makes it necessary for chip fuses to have a low-ohmic SMD contact.

Functionality of chip fuses

The main task of chip fuses is protection, protection of end users and customers of 
electronic devices. Since the last ten years the demand of electronic devices in 
information technology, mobile and consumer application has been increased 
dramatically. Due to this high demand for electronic devices the risk of unexpected 
conditions in electronic devices increased as well. These unexpected conditions are 
mostly caused by other electronic components and they can cause electrical overloads 
which have to prevent by overcurrent devices like chip fuses. The most important 
diagram of chip fuses is the fusing characteristic as shown in Fig.1. It shows the melting 
times at certain levels of electrical overcurrents. If the electrical current reach a certain
overcurrent level the electrical power which is applied into the fuse element melt and 
vaporised the fuse element in certain time.

Fig. 1: Fusing Characteristic
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Introduction to Low ESR Capacitors

But how does the reality look like? The accuracy, repeatability and stability of the fusing 
characteristic depend strongly on the design and the used production technology. How do 
designs and production technologies influence the performance of chip fuses? Well, fusing 
characteristic diagrams as shown in Fig. 1 have two main time sections. The first time section 
comprises duration times below 0.1 s which do affect the fuse element only. It defines the 
pulseload capability of chip fuses. A high pulse load capability can be given by increasing the 
cross section of the fuse element. The second time section comprises duration times above 1.0 s 
which do affect the whole component. It defines the melting times for overload and short circuit 
currents and it is related to the thermal resistance between the fuse element and the 
environment. Whereas the thermal resistance is defined by fuse element, substrate, sealing, 
terminations and layout of the printed circuit board. 

Depending on the used production technology and product design the performance of the fusing 
characteristic and the level of safeness differ. If the thermal resistance between the fuse element 
and the environment is too low the requested energy which is needed for melting the fuse 
element will disappear and the fuse element is not able to cut off overload currents of 2 times of 
the rated current below 120 s as shown in Fig. 1 and Fig. 3 for different chip fuse designs like 
multilayer based chip fuse and LASER trimmed thick film chip fuses.

Fig. 2: Multilayer Chip Fuse
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Fig. 3: Thick Film Chip Fuse (trimmed)

Stability and repeatability

Another important issue for a safe power electronic design is the stability and 
repeatability of the fusing characteristics. Whether the stability of the fusing 
characteristic is based on the component design the repeatability of the fusing 
characteristic is based on the stability and preciseness of the used chip fuse
production technology.

Stability

What does the stability of fusing characteristic mean? Which electrical parameter of a 
chip fuse is related to the fusing characteristic? Well, it is the resistance value of the 
chip fuse. Due to the fact that the applied energy during overload situation is 
proportional to the resistance value a fuse will melt faster if the resistance value 
becomes higher and it will melt slowly if the resistance value becomes lower. As
known from film resistors the typical resistance drift caused by thermal stress like short 
time overloads, soldering heat and pulse stresses is in the positive direction. 
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With an increasing resistance value a chip fuse will change its characteristic to 
shorter melting times. Especially fuses which use a mix of different materials like 
cupper and tin are sensitive against temperature stress. Pic. 1 shows the ongoing 
migration process of Cu-Sn after pulse load stress. Depending on power load and 
time those designs change their fusing characteristics to faster melting times. If the 
stability of chip fuse resistance value is given the fusing characteristic won’t be 
change.

Pic. 1: Sn-Dot Technology after pulse stress
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Repeatability
During the design-in process electronic engineers are faced with high variations of fusing characteristics.
Generally spoken are chip fuses low ohmic resistors with resistance values down to the milliohm range.
As explained above fusing characteristic is related to resistance value of a fuse and if there is a wide
variation of resistance value there is a wide variation of fusing characteristic as well. Due to this variation
it can happen that a chip fuse will open during normal inrush current or in the worst case a fuse will not
open during overload currents when it has to open as shown in Fig. 4 for printed thick film fuses.
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Fig. 4: Thick film Chip Fuse (printed)

Thin film technology can combine the requirements for advance stability and precise repeatability of
fusing characteristic. Thin film sputtering technology is established for high stable and precise thin film
resistors since the end of the sixties and several billions of thin film resistors are doing their job under
harsh environmental conditions in all fields of electronics every day.
Related to stability and repeatability of fuse parameters does sputtering technology offers the key
advantages of a well controlled thickness and a homogeneous crystalline structure of the metal layer.
The geometry of the fuse element defines the rated current of chip fuses. Structuring of fuse elements
with a photolithographic process offers the ability to produce precise geometric contours and to dissolve
unused conductive material between the terminations. Fuse element’s length and width produced with
photolithographic has the same preciseness as the thickness of the sputtered thin film layer.
The clean and clear shape of the fuse element used for the MFU Series is shown in Pic. 2.

Pic. 2: Shape of a MFU fuse element
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Combining thin film sputtering technology together with photolithography 
does guarantee tight tolerances on fuse element geometries with 
homogeneous crystalline structure of the fuse element. Therefore a small
deviation of the resistance value or a fusing characteristic with precise 
repeatability is the result as shown in Fig. 5 below.

Fig. 5: MFU fusing characteristic (minimum and maximum)

PCI Magazine 2008 May/June Issue:

Circuit Protection Components 6

Finishing

The consequently usage of thin film resistor technology over the hole chip fuse production 
process ends up after sealing, marking, and plating of low ohmic terminations with the finishing 
process. Every single chip fuse is observed by automatic optical inspection and resistance 
measurement systems. Only chip fuses which fulfil our own high internal quality requirements and 
tight resistance tolerances are laid into paper tape. The packing process assures that the MFU 
thin film chip fuses will show the expected performance in the field to prevent end user and 
customer if it is necessary some day.
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Summary

Thin film technology is an established technology for high grade passives 
components since decades. It’s advantages in preciseness and stability is used in 
mass production for billions of thin film resistors every year. Transferring of this 
experiences onto safety devices for overcurrent protection open power electronics 
designers a new dimension of safety level for their designs. Chip fuses produced in 
thin film technology are safety devices with predictable properties in terms in 
stability and repeatability of fusing characteristic.

New MFU Thin Film Flat Chip Fuses

The Key Benefits:
Offer proven reliability with high stability verified in accordance with UL 248-14 and 
IEC 60127-4 

Integrate easily into a broad range of end products 
Available in a choice of three standard metric case sizes 

Manufactured with quick-acting fuse characteristics for highly predictable 
performance even in sensitive electronic systems 

Feature a coating that protects against electrical, mechanical, and climatic hazards 
Proven immune to tin whisker growth on plating 
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New MFU Thin Film Flat Chip Fuses

Vishay’s new MFU thin film flat chip fuses offer quick-acting fuse characteristics, as well as 
outstanding stability verified in accordance with UL 248-14 and IEC 60127-4, for reliable 
operation in secondary overcurrent protection applications in a wide range of electronic 
systems.

MFU Thin Film Flat Chip Fuses: Summary Table:

RR 3216M630.5 to 5MFU1206

RR 2012M320.5 to 4MFU0805

RR 1608M320.5 to 4MFU0603

RR 1005M320.5 to 2MFU0402

Case SizeRated Voltage 
(A)

Rated current 
Range (A)

Part
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Please contact us for more information, samples and ca talogs: info@wts-
electronic.de , 05130 / 58 45 – 0

We find solutions!

Permanently updated: http://www.wts-electronic.de

Surface Mount Fuse

NFCC & NFHC Series

•Pb-FREE COMPATIBLE WITH FLOW AND REFLOW SOLDERING 

•SAFETY STANDARD APPROVAL (UL and c-UL File Number E302168) 

•RECTANGULAR PACKAGE WITH METAL STRIP FUSE ELEMENT 

•EIA SIZES 0402, 0603, 0805 AND 1206 

•CURRENT RATINGS UP TO 2.5 AMPS  

NFSC Series                                                     

•HIGH ANTI-PULSE PERFORMANCE 

•EIA SIZE 0603 

•CURRENT RATINGS UP TO 5.0 AMPS 

•SAFETY STANDARD APPROVAL (UL and c-UL File Number E302168) 

Pb-FREE COMPATIBLE WITH FLOW AND REFLOW SOLDERIN 


