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When Measurement Drift Threatens Semiconductor
Yield: The Critical Role of Precision Resistors in ATE
Stability

As semiconductor devices continue to shrink in size while increasing in complexity, the
margin for measurement error inside production environments becomes extremely small.
What once appeared to be negligible electrical drift can now directly influence wafer yield,
device reliability, calibration stability, and even long-term product quality.

Semiconductor Test:
Helping to maximize the
productivity of Automatic Test
Equipment (ATE) for
Semiconductor products

VPG’s high-precision foil resistors help deliver the highest signal accuracy
required for effective semiconductor chip testing, providing better precision
and stability of test results
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A thought provoking industry conversation, within the precision resistor community-
highlighted an increasingly important issue inside semiconductor manufacturing
environments: the growing dependence of Automated Test Equipment (ATE) performance on
precision passive components.

The discussion centered on a semiconductor manufacturer experiencing rising variability
during wafer sorting and final test operations. Although the testing infrastructure itself
remained operational, subtle instability inside analog measurement paths began affecting
repeatability as device geometries became smaller and test specifications tightened.

The challenge reinforced a reality well understood by experienced test engineers:

In semiconductor test environments, even a few parts-per-million (ppm) of drift can
influence yield decisions.

For example, a 5 ppm error in a 1V reference corresponds to 5 pyV, which is comparable to
the resolution limits of high precision ADCs used in ATE systems.

This case study examines the technical problem, the engineering response, the
implementation strategy, and the operational impact achieved through the deployment of
ultra-precision resistor technology.

Industry Background: Why Semiconductor Testing Is
Becoming More Difficult

Modern semiconductor manufacturing depends heavily on highly accurate electrical
characterization throughout production.

During wafer sort and final test, ATE systems validate:

Operating voltages
Leakage current

Timing performance
Parametric behavior
Thermal response
Analog signal integrity
Mixed-signal functionality

As advanced semiconductor nodes evolve, acceptable error margins shrink significantly.

At advanced nodes (e.g., <10 nm), parametric limits can be on the order of £0.1 percent or
tighter, making systems increasingly sensitive to small measurement deviations.

Small inaccuracies that were once tolerable in legacy technologies can now generate:

e False device failures
e Escaped defective units
e Yield reduction



e (Calibration instability
e Device overstress
e Production downtime

ATE systems therefore require exceptional measurement consistency across multiple
variables:

Temperature fluctuations
Long-duration testing cycles
Multi-site parallel testing
Cross-platform calibration
Production shift changes
Continuous operation environments

This challenge is amplified by the rapid growth of Al accelerators, humanoid robotics, electric
vehicles, data centers, and advanced medical electronics where precision analog
performance is critical.

The manufacturer in this case encountered exactly these challenges.

The Problem: Growing Variability During Wafer Sort
and Final Test

The semiconductor manufacturer observed increasing inconsistencies between wafer sort
measurements and final package test results.

Several operational symptoms began emerging:

Higher test-to-test variation

Drift in sensitive analog measurements
More frequent recalibration requirements
Correlation mismatch between test cells
Increased engineering investigation time
Sporadic yield fluctuations

The issue became more pronounced as the company introduced devices with tighter
electrical tolerances and more sensitive mixed-signal architectures.

Initial investigations ruled out obvious causes such as:

Probe card failure
Instrument malfunction
Environmental instability
Software algorithm errors
Power supply anomalies

Further analysis revealed that cumulative measurement inaccuracies were originating inside
critical analog signal conditioning sections within the ATE architecture itself.



Specifically, engineers identified instability in:

Voltage divider networks
Current sensing circuits
Precision reference paths
Calibration verification modules

The core problem was not catastrophic failure.
It was measurement drift.
And in semiconductor testing, small drift becomes a large manufacturing problem.

A systematic drift of 10 ppm in a critical measurement path can shift guard bands enough to
increase false fails by several percentage points in high volume production.

Why Passive Components Became Critical

One of the most insightful observations from the industry discussion came from engineers
emphasizing that passive components eventually become performance-defining elements in
precision systems.

While processors, ADCs, DACs, and instrumentation amplifiers often receive primary
engineering attention, resistor stability directly affects:

Voltage accuracy

Gain precision

Current limiting

Noise performance
Thermal tracking
Calibration consistency

In high-accuracy semiconductor test environments, resistor characteristics such as:

e Temperature Coefficient of Resistance (TCR)
Typical thin film resistors: ~25 to 100 ppm/°C
Precision foil resistors: as low as 0.2 to 2 ppm/°C

e Long-term stability
Standard resistors: ~0.1 percent drift per year
Foil resistors: ~0.005 percent per year or better
Load-life drift
Thermal EMF: Can reach 1 to 3 uV/°C in dissimilar metal junctions, directly
impacting low level measurements
Noise behavior
Power coefficient

become operationally critical.

A commonly repeated theme within the discussion was simple but technically accurate:



“Everything obeys Ohm'’s Law eventually.”

As measurement tolerances tighten, even tiny resistance changes caused by temperature or
self-heating can create measurable deviation inside sensitive ATE circuits.

Engineering Response: Upgrading Critical ATE Signal
Paths

The manufacturer’s test engineering team initiated a targeted redesign of critical
measurement sections within their ATE infrastructure.

Rather than replacing complete systems, engineers focused specifically on improving
stability within precision analog paths.

The solution involved deploying ultra-precision resistors featuring:

Ultra-tight tolerance values: as low as +0.01 percent (100 ppm) or better
Extremely low TCR: down to 0.2 ppm/°C

High thermal stability

Low noise characteristics: excess noise index < -40 dB

Excellent long-term drift performance: <50 ppm/year typical for foil technology

These precision resistors were integrated into:

1. Voltage Divider Networks

Accurate voltage scaling is essential during parametric semiconductor testing. Even small
divider inaccuracies can shift measurement thresholds and create false fail conditions.

Precision resistor networks improved voltage consistency across test channels.

2. Current Sensing Circuits

Current monitoring during stress testing and leakage analysis requires stable low-value
resistance characteristics. Leakage measurements in advanced devices can be in the
nanoampere range, where even micro-ohm resistance changes or thermal EMF effects can
distort readings.

The upgraded resistors enabled:

e More repeatable current measurement
e Better thermal tracking
e Improved protection against overstress conditions

This became particularly important during delicate semiconductor stress tests.

3. Reference and Calibration Modules



ATE systems depend heavily on internal reference accuracy.
High-stability resistors improved:

Calibration retention

Cross-platform consistency
Repeatability between production shifts
Long-duration measurement stability

4. Test Verification Boxes

Verification fixtures used to validate ATE performance also received upgraded resistor
networks.

This reduced cumulative uncertainty throughout the overall test chain.

The Importance of Low TCR Performance

One of the most important technical improvements came from minimizing
temperature-induced resistance variation.

In semiconductor test environments:

Ambient temperatures fluctuate

Equipment self-heats continuously

Extended test cycles generate thermal loading
Dense electronics create localized hotspots

Standard resistor technologies can experience measurable resistance drift as temperatures
change.

A 25 ppm/°C resistor experiencing a 20°C rise can drift by 500 ppm (0.05 percent), which is
significant in precision measurement systems.

Low-TCR precision resistors significantly reduced this effect.
This allowed the manufacturer to maintain:

Stable analog references
Consistent current sensing
Repeatable voltage measurements
Better long-duration accuracy

The operational benefit was substantial because the drift reduction improved confidence in
both wafer sort and final test correlation.

Operational Impact and Results



Following implementation, the manufacturer observed measurable improvements across
several production metrics.

1. Improved Correlation Between Test Stages

Measurements taken during wafer sort aligned more consistently with final packaged device
testing.

This reduced uncertainty in yield analysis and minimized unnecessary retesting.

2. Reduced Calibration Frequency

Because the upgraded resistor networks maintained stability for longer periods, calibration
intervals could be extended. In some ATE environments, calibration intervals can extend
from weekly to monthly after stability improvements.

Benefits included:

e |ower maintenance overhead
e Reduced production interruption
e Improved tester utilization

3. Higher Measurement Repeatability

Repeatability improvements are often observed as a reduction in measurement variation
(e.g., from £0.1 percent to £0.01 percent).

ATE systems demonstrated better consistency across:

e Multiple test cells
e Production shifts
e Long-duration testing cycles

This improved confidence in pass/fail decisions.

4. Better Yield Stability

False failures caused by measurement instability decreased significantly.

Even a 1 percent reduction in false failures can translate to substantial cost savings in high
volume production.

As a result:

e Yield variation narrowed
e Scrap risk reduced
e Engineering review cycles decreased



5. Enhanced Device Protection

Improved current control and stable reference behavior reduced the risk of accidental device
overstress during sensitive testing procedures.

This became particularly important for advanced analog and mixed-signal devices.

Key Engineering Takeaways

This case demonstrates an important reality inside advanced electronics manufacturing:

Precision Is System-Level

Measurement integrity does not depend only on software algorithms or high-end
instrumentation.

Small passive components can influence the entire measurement chain.

Drift Is Often Invisible Until It Becomes Expensive

Unlike catastrophic failures, gradual analog drift can silently affect:

Yield

Reliability
Calibration

Product consistency

before becoming operationally obvious.

Thermal Stability Matters More at Advanced Nodes

As semiconductor technologies evolve, thermal sensitivity inside test infrastructure becomes
increasingly critical.

Even minimal instability can impact production outcomes.

Passive Components Can Become Strategic Assets

Precision resistors may appear insignificant on a bill of materials, but their influence on
calibration stability and analog accuracy can be enormous.

As several engineers humorously noted during the discussion:

“Precision resistors don’t look impressive on a BOM, but calibration depends on them.”

Conclusion



The semiconductor manufacturer’s experience highlights a growing challenge across
advanced electronics production environments: maintaining measurement confidence as
tolerances become increasingly unforgiving.

By strategically upgrading critical ATE signal paths with ultra-stable precision resistors, the
engineering team successfully improved:

Measurement repeatability
Calibration stability

Yield consistency

Device protection
Test-stage correlation

The outcome reinforced a fundamental engineering principle that remains true regardless of
technological advancement:

Accurate semiconductor testing ultimately depends on stable electrical fundamentals.

And sometimes, the smallest components determine the reliability of the entire system.
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