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ESD-Induced Failure in Precision Resistors: Why Foil
Technology Changes the Reliability Equation

Introduction

Electrostatic discharge (ESD) is one of the most underestimated causes of latent electronic
failure in modern systems. Unlike catastrophic electrical overstress events that immediately
destroy components, ESD damage is often silent, microscopic, and delayed. Circuits
continue to function after exposure, only to experience instability, drift, or complete failure
weeks or months later.

The Silent Killer of Resistors: ESD

Precision Thin Film 3000 V ESD Pulse (Demo)
ESD Limit = 2500 V

1000X Magnification

Thin Film Thin Film
3000 V Pulse No Pulse

Foil Resistor
ESD Limit = 25000 V

'\‘ B.ul.{c\ Métal® Foil

::.’ Preci‘.sion Thin Film
=

ﬁﬂ'

R it



https://www.linkedin.com/posts/vishay-precision-group_silent-killer-of-resistors-everything-looks-activity-7448710582855155712-_IqJ?utm_source=share&utm_medium=member_desktop&rcm=ACoAAD49EfoBJLW2pXoNMhEA9nRP-w5NZu7IAH0
https://www.linkedin.com/posts/vishay-precision-group_silent-killer-of-resistors-everything-looks-activity-7448710582855155712-_IqJ?utm_source=share&utm_medium=member_desktop&rcm=ACoAAD49EfoBJLW2pXoNMhEA9nRP-w5NZu7IAH0
https://www.linkedin.com/posts/vishay-precision-group_silent-killer-of-resistors-everything-looks-activity-7448710582855155712-_IqJ?utm_source=share&utm_medium=member_desktop&rcm=ACoAAD49EfoBJLW2pXoNMhEA9nRP-w5NZu7IAH0

A recent demonstration shared by VPG, conceptualized by Yuval, highlighted this
phenomenon with exceptional clarity. The demonstration visualized how resistor
technologies respond differently under ESD stress and why precision foil resistors
consistently outperform conventional thin film technologies in high reliability and transient
stress environments.

The discussion generated significant engagement from engineers, designers, distributors,
and reliability specialists because it addressed a problem that many professionals encounter
but rarely see demonstrated visually: invisible ESD damage occurring long before
measurable symptoms appear.

This case study examines the technical mechanisms behind ESD-induced resistor failure,
compares foil and thin-film resistor architectures, and explains why thermal mass distribution
and heat spreading are critical factors in long-term circuit reliability.

Understanding the Hidden Threat of ESD

Electrostatic discharge is a rapid transfer of electrostatic charge between objects at different
electrical potentials. ESD events typically occur in nanoseconds and can reach several
thousand volts even in controlled industrial environments.

Standardized ESD models such as Human Body Model (HBM) and Charged Device Model
(CDM) illustrate how short duration high current pulses can induce localized damage even
when average power levels appear low.

Although many ESD incidents are too small to be felt by humans, they can still damage
sensitive electronic components.

ESD can be categorized into three types of damage:

1. Parametric Failure - occurs when the ESD event alters one or more device
parameters (resistance in the case of resistors), causing it to shift from its required
tolerance.

2. Catastrophic Damage - occurs when the ESD event causes the device to
immediately stop functioning.

3. Latent Damage - occurs when the ESD event causes moderate damage to the
device, which is not noticeable, as the device appears to be functioning correctly.
However, the load life of the device has been dramatically reduced, and further
degradation caused by operating stresses may cause the device to fail during
service.

Industries particularly vulnerable to ESD-related failures include:

Aerospace electronics

Medical instrumentation

Humanoid robotics and advanced robotics systems
Precision analog systems

Automotive electronics



Industrial automation
Semiconductor testing
Defense systems
Laboratory instrumentation

The challenge with ESD failures is that they are often latent rather than immediate.
In many cases:

The circuit initially appears functional

Standard testing shows no fault

The component performance gradually drifts over time
Failure eventually occurs under operational stress

This delayed manifestation makes root-cause analysis difficult and expensive.

As highlighted in the LinkedIn discussion surrounding the demonstration, engineers
frequently overlook ESD because “nothing looks wrong at first.” The visible failure may occur
much later, making the original ESD event nearly impossible to trace.

The Physics Behind Resistor Damage During ESD

When an ESD pulse strikes a resistor, energy is injected into the resistive element almost
instantaneously.

Damage mechanisms are driven by both thermal effects and localized current density and
electric field concentration within the resistive element.

The ability of the resistor to survive depends largely on three factors:

1. Thermal mass
2. Heat distribution capability
3. Current density concentration

Thin-film resistors typically use extremely thin resistive layers measured in nanometers.
Because the material layer is so thin, the localized energy density becomes extremely high
during an ESD event.

This creates:

Localized hot spots
Rapid temperature spikes
Material cracking
Resistance drift
Long-term instability

In contrast, Bulk Metal Foil resistors utilize substantially thicker resistive elements measured
in microns rather than nanometers.

This structural difference fundamentally changes how the resistor handles transient energy.



As discussed in the comments accompanying the demonstration:

Higher thermal mass limits rapid temperature rise

Energy spreads across a larger area

Peak localized energy density is reduced, mitigating hot spot formation
Structural integrity remains intact

The result is significantly improved survivability under transient electrical stress.

Why Foil Resistors Perform Differently?

The demonstration emphasized a critical engineering principle: resistor reliability is
determined not only by resistance value or tolerance, but by internal energy management
architecture.

Precision foil resistors are engineered with a resistive foil pattern bonded to a substrate that
promotes controlled thermal behavior.

This design offers several advantages:

1. Superior Thermal Distribution

Instead of concentrating energy into microscopic regions, foil technology distributes heat
across a broader surface area.

This minimizes localized overheating and reduces the probability of structural degradation.

2. Higher Thermal Mass

Because foil resistors have greater effective thermal mass due to thicker resistive elements
and strong substrate coupling, they provide exceptional stability against power surges and
fast thermal equalization, preventing errors caused by self-heating.

This increased thermal inertia is essential during nanosecond-scale ESD pulses.

3. Improved Long-Term Stability
Even when subjected to repeated transient stress, foil resistors maintain:

Lower resistance drift
Better TCR stability
Reduced noise generation
Greater calibration retention

For precision analog systems, these characteristics are mission-critical.

4. Reduced Latent Failure Risk



One of the most important benefits is reduced susceptibility to hidden degradation.

Many thin-film resistors may continue operating after ESD exposure but experience gradual
performance drift later. Foil resistors are substantially more resistant to this type of latent
damage.

Industry Relevance and Real-World Implications

The strong engagement from engineering professionals in response to the demonstration
reflects growing industry awareness regarding reliability-centered component selection.

Several professionals commented that they had previously assumed thin-film resistors were
inherently more robust.

This misconception is common because thin-film technology often offers compact size, low
cost, and high precision specifications under normal operating conditions.

However, ESD resilience is a different engineering challenge entirely.

In high-reliability sectors, transient survivability frequently matters more than initial
specification performance.

Applications where ESD robustness becomes critical include:

Precision measurement equipment
Aerospace guidance systems
Medical diagnostic instruments
Sensor interfaces

Semiconductor test platforms
Defense electronics

Industrial control systems

In these environments, even slight resistance drift can produce:

Calibration errors
Measurement inaccuracies
System instability

Signal integrity issues
Premature field failures

The financial implications can be substantial.
Latent ESD damage often results in:

Increased warranty claims
Maintenance costs
Downtime

Product recalls

Reduced customer trust



Consequently, engineers increasingly evaluate resistor technologies not solely by tolerance
and TCR, but by survivability under real-world stress conditions.

The Importance of ESD Handling Practices

While resistor design plays a major role in survivability, several commenters correctly
emphasized that prevention remains essential.

Proper ESD control procedures significantly reduce the likelihood of latent damage during:

Assembly
Handling
Transportation
Testing
Maintenance

Industry best practices include:

Grounded workstations
ESD-safe packaging
Antistatic flooring

Wrist straps

Grounded tools
Humidity control
Operator training

One particularly insightful comment noted that “good handling practices protect the foil
sensor before it ever reaches the test article.”

This reflects a broader reliability philosophy: robust component design and disciplined ESD
management must work together.

Lessons for Design Engineers

This case highlights several important lessons for electronics designers and reliability
engineers.

Component Selection Must Consider Transient Behavior

Steady-state specifications alone do not define reliability. Engineers must evaluate how
components respond to transient electrical stress.

Latent Failure Is Often More Dangerous Than Immediate Failure

Immediate failure is detectable and repairable. Latent damage can remain hidden until
systems are deployed in the field.



Thermal Architecture Matters
The internal structure of a resistor directly impacts its ability to survive ESD events.

Material thickness, heat spreading capability, and current distribution are critical engineering
parameters.

Reliability Begins at the Design Stage

Choosing components with stronger transient immunity reduces downstream operational risk
and improves long-term product stability.

Conclusion

The ESD visualization demonstration shared by VPG successfully illustrated a critical but
often overlooked reliability issue in modern electronics.

ESD events are fast, invisible, and destructive. The damage they create frequently remains
hidden until long after the initial event occurs.

This case study demonstrates that resistor survivability depends heavily on internal design
architecture. Precision foil resistors outperform conventional thin-film technologies because
they distribute energy more effectively, maintain lower localized temperatures, and resist
latent degradation mechanisms.

For industries where precision, stability, and long-term reliability are essential, these
characteristics are not merely performance advantages — they are operational necessities.

As electronic systems become increasingly sensitive and compact, engineers must move
beyond specification-sheet comparisons and evaluate how components behave under
real-world electrical stress conditions.

Because in reliability engineering, failures rarely begin when the system stops working.

They begin much earlier — silently, invisibly, and at the microscopic level.
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