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Designing with Fast-
Acting Thin-Film Fuses

Learn how to protect compact electronics from overload and pulse stress while
maintaining reliability and predictable performance.

ast-acting thin-film fuses play an essential role in pro-

tecting modern electronic circuits against overcurrent

conditions and preventing catastrophic failure events.

Compact and precise, they’re used in applications that
demand quick response to fault events and minimal power
dissipation under normal operating conditions.

This article reviews the key principles behind thin-film
fuse operation and outlines the factors you should consider
when selecting a device for your design, including current
and voltage ratings, breaking capacity, temperature derat-
ing, and pulse withstand capability. Understanding these
parameters helps ensure robust circuit protection in appli-
cations ranging from battery-management systems to LED
lighting, infotainment modules, data storage devices, and
industrial control electronics.

Thin-Film Chip Fuse Features and Applications
Thin-film chip fuses offer rapid and reliable interruption
of excessive current, typically opening within seconds under

overload conditions. Available in a range of standard surface-
mount sizes (0402 to 1206) and current ratings from a few
hundred milliamperes to several amperes, they provide high
breaking capacities suitable for low-voltage DC circuits. Their
construction enables consistent performance, predictable
fusing behavior, and stable characteristics over time.

These devices are commonly employed for secondary,
non-resettable protection where space is limited and fast ac-
tion is required. Typical applications include portable and
industrial equipment, Li-ion battery packs, LED drivers,
and display or infotainment systems — anywhere a small,
precise, and dependable overcurrent protection element is
needed.

Understanding Fuse Operation

To understand how these fuses work, we'll start with the
basic principle: The heat energy (Q) generated in a conduc-
tor is given by the equation Q = I?Rt, where [ is the current,
R is the resistance, and t is the time. This is known as the

S2F0603 RATING

RATED CURRENT RESISTANCE () (m<), | RATED VOLTAGE | BREAKING
PART DESIGNATION | MARKING @) FUSING TIME | S0/ Fo NG « (25 o}, Voo) CAPACITY
S2F060350VA400TT E 0.40 496
S2F060350VA500TT F 0.50 290 A0 50 ¥ae:h0.4
S2F060332VAG30TT I 0.63 205
S2F060332VA800TT K 0.80 132
S2F060332V1A00TT L 1.00 84
S2F060332V1A25TT M 1.25 . 63
S2F060332V1A50TT P 150 3 ?nﬁ’:gt"‘ggg”% 505
S2F060332V1AGOTT N 1.60 el TGS 45 - 5 Vi, SO
S2F060332V2A00TT S 2.00 34 ’
S2F060332V2A50TT T 2.50 245
S2F060332V3A00TT 3 3.00 20
S2F060332V3A15TT U 3.15 19
S2F060332V4A00TT W 4.00 13
S2F060332V5A00TT Y 5.00 11

1. This table shows rated current values for S2F0603 thin-film fuses, showing corresponding resistance, voltage rating, and

breaking capacity.
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Joule effect. A fuse makes use of this principle as a safety
component that interrupts current when it exceeds a pre-
defined level.

Inside the fuse, a thin-film alloy melts when the heat
becomes too high. Because the heat is proportional to the
square of the current, higher currents generate much more
heat. Once this heat exceeds the melting point of the fuse
element, the fuse opens the circuit and protects your design.

Q =1I%Rt

where:

Q = heat generated (J), I = peak current (A), R = electrical
resistance (Q2), and t = time (s)

Selecting an SMD Chip Fuse

When you select an SMD chip fuse, you need to take sev-
eral factors into account:

» Normal operating current in your circuit

» Maximum operating voltage (AC or DC)

« The fuse’s breaking capacity

« Ambient operating temperature

« Overload current and fusing time required for the fuse

to open
« Interrupting ratings (I°t) and pulse
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2. This temperature derating curve for S2F0603 thin-film
fuses shows how current ratings decrease as ambient tem-
perature increases. To ensure safe operation, you should
apply the derating factor when selecting a fuse, as ratings
are based on 25°C test conditions.

withstand capability for inrush
currents S2F0402 RATING
PART DESIGNATION | MARKING | FATED CHRRENT | FusinG TimE

Normal Operating Current and Rated
Current S2F040232VA315TT D 0.315

Fuses are temperature-sensitive de- S2F040232VA500TT F 0.500
Vice.s, and their ratings }.1ave been es- SOF040232VA750TT v 0.750
tablished at a 25°C ambient tempera-
ture. To ensure safe operation at a 25°C SAFOAEIPVARATT K @800
ambient temperature, you should use a S2F040232V1A00TT L 1.000
fuse at no more than 70% of its rated S2F040232V1A25TT M 1.250 o
current. — Open within

For example, the S2F060332V1A00T S2F040232V1A50TT P 1.500 1 min at 200 %
is rated at 1 A at 25°C, but you should | S2F040232V1A60TT N 1.600 el
not exceed 0.7 A at that temperature S2F040232V2A00TT S 2.000
(Fig. 1). This safety coefficient is neces- SOF040232V2A50TT T 5 500
sary to compensate for common varia- -
tions in operating conditions. S2F040232V3A00TT 3 3.000
Rated Voltage and Application Voltage S2F040232V3A15TT u 3.150

The rated voltage of a fuse indicates SOF040232V4A00TT W 4.000

the maximum voltage at which it can
safely interrupt a short-circuit current.

To protect your circuit, the fuse’s rated times specified as opening within 5 s at 200% of rated current.

voltage must be equal to or greater than

3. This table shows rated current values for S3F0402 thin-film fuses, with fusing

the available circuit voltage. For instance, a fuse with a rated
voltage of 32 V DC can be used in any circuit where the
maximum operating voltage doesn’t exceed 32 V DC.
Breaking Capacity

Breaking capacity defines the maximum current that the

fuse can safely interrupt at its rated voltage. In a fault or short-
circuit condition, your fuse may experience an overload cur-
rent many times higher than its normal operating current. A
correctly specified fuse ensures safe operation by remaining
intact and clearing the circuit under these conditions.
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Temperature Derating

Since SMD fuses are sensitive to tem-
perature, their ratings are based on 25°C
conditions. As the current flows, the ac-
tive area of the fuse heats up due to the
Joule effect, so you need to apply com-
pensation at higher ambient tempera-
tures. This is where the derating curve
becomes essential.

For example, if your circuit draws a
normal operating current of 1.4 A at
25°C with an S2F0603 fuse, you should
select a 2.0-A device (1.4 A + 0.70). At
60°C, where the derating factor is 95%,
the same 1.4-A operating current would
require a 2.1-A fuse (1.4 A + (0.70 x
0.95)), making the S2F060332V2A50TT
the recommended choice (Fig. 2).

Overload Current and Fusing Time

The time it takes a fuse to blow de-
pends on both current and temperature
— the higher the current, the shorter
the time. Fusing curves are established
under standard test conditions at 25°C.
For example, the S3F040232V1A00T
has a rated current of 1 A and a fusing
characteristic of 200% IR in a maximum
of 5 s, but under test conditions, it fuses
in just 0.17 s at 200% IR (Figs. 3 and 4).
Interrupting Ratings (I’t) and Pulses
(Inrush Current)

Another key parameter you need
to consider is the It value, which rep-
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4. This fusing characteristic curve for S3F0402 thin-film fuses shows how fus-
ing time decreases as current increases. The devices open within 5 s at 200%
of rated current under standard test conditions at 25°C.

NUMBER TYPE WAVEFORM CALCULATED JOULE INTEGRAL
5. These common
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6. These measured waveforms are used to calculate the equivalent Joule integral (I12t) for evaluating fuse performance under
pulse conditions. The oscilloscope capture of inrush current pulses is divided into three segments (W1, W2, and W3).

resents the energy required to melt the fuse element. This
value is often used to size fuses for impulse or inrush current
conditions. When evaluating pulses, you must also consider
the number of occurrences and the operating temperature,
since repeated electrical pulses cause thermal cycling and
mechanical fatigue that can shorten fuse life.

For this reason, it's important to know the pulse cycle
withstand capability. It specifies how many pulses of a given
I%t the fuse can handle without opening, assuming there’s
sufficient cool-down time between pulses.

As an example, let’s look at a customer requirement with
a normal operating current of 1.4 A, an operating voltage of
24V, and an ambient temperature of 60°C. In this case, the
S2F060332V2A50TT fuse is suitable. The pulse withstand
requirement is 30.6 A for 100 000 cycles.

Breaking this down further:

e W1 =302 A for 8 pus

e W2 =15A for 8 ps

e W3=3Afor7us

The total I°t is calculated as 0.00457966 AZ%s. The S2F-
060332V2A50TT fuse has an I’t rating of 0.055 A%s, which
is greater than the requirement. Even after applying a factor
for 100 000 pulse cycles (0.01925 AZs), the fuse still meets
the condition, as this remains higher than the calculated
0.00457966 A%s (Fig. 5).

Therefore, for this set of requirements — normal oper-
ating current of 1.4 A, operating voltage of 24 V, ambient
temperature of 60°C, and inrush current pulses up to 30.6
A for 100 000 cycles —you can confidently select the S2F-
060332V2A50TT fuse (Fig. 6).

Conclusion

Thin-film fuses continue to evolve as essential compo-
nents in safeguarding compact, high-performance electron-
ics. As designs move toward higher power density, faster
switching speeds, and greater functional integration, these
fuses provide a precise and predictable means of protecting
sensitive circuits from overload and fault conditions. A clear
understanding of their thermal behavior, I?t characteristics,
and derating principles enables engineers to design protec-
tion schemes that are both space-efficient and reliable.

Looking ahead, as electrification and miniaturization ac-
celerate across industries — from automotive systems to
connected devices — thin-film fuse technology will remain
a quiet but indispensable element of robust electronic design.
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