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The semiconductor industry often celebrates breakthroughs in transistor scaling,
architectural innovation and manufacturing technology. Yet, the journey from a
successful silicon design to a successful product is rarely determined by the design alone.
The ability to consistently manufacture, qualify and deploy semiconductor devices

at scale ultimately defines commercial success. Between these 2 worlds lies a critical
function that has evolved significantly over the past 3 decades - namely test.

Historically, testing was viewed as a manufacturing necessity
responsible for identifying defective devices before shipment.
While this role remains important, test scope has expanded
considerably. Modern semiconductor products must

navigate the increasingly complex challenges associated with
advanced process nodes, heterogeneous integration, chiplet
architectures, advanced packaging, high-bandwidth memory
(HBM) and Al workloads. In this environment, the test is no longer
simply screening devices, but enabling productization.

Productization represents the transformation of silicon from

an engineering achievement into a manufacturable, reliable

and commercially viable product. This transition requires
continuous learning, data-driven decision-making and
systematic risk reduction. Testing provides the infrastructure
that enables these activities. It connects design intent with
manufacturing reality while creating the feedback loops required
to optimise performance, quality, reliability and cost.

As semiconductor system complexity increases, the importance of
test as a bridge between silicon and productization keeps growing.
Organisations that recognise this shift are now leveraging test data
not only to improve quality, but also to accelerate product ramps,

shorten qualification cycles and enhance customer confidence.

Traditional Test Perspective Productization-Oriented Test Perspective

Enable product readiness.
Understand silicon behaviour.

Detect manufacturing defects.

Pass or fail devices.

Continuous learning and improvement.

Focus on manufacturing quality.
Isolated test operations.
Device-level validation.

Static test limits.

Production screening.

Table 1: The evolution of test viewed through
the lens of product readiness

Bridging silicon to productization

The bridge between silicon and productization is built through
information. The moment 1st silicon becomes available, engineering
teams begin collecting data that determines whether a product is
ready to move beyond development and towards commercialisation.
Test serves as the primary mechanism for generating this information.

During early silicon characterisation, tests enable engineers to
understand how actual device behaviour compares with design
expectations. Performance distributions, voltage sensitivities, thermal
characteristics, leakage behaviour, timing margins and functional
stability all become visible through structured test methodologies.
These insights help identify process variation, design weaknesses and

optimisation opportunities before large-scale production begins.

The role of testing expands further during yield ramp. Manufacturing
teams rely on test data to identify yield detractors, monitor

process excursions and accelerate root-cause analysis. Defect
sighatures identified during wafer sort and final test provide
valuable insight into fabrication, assembly, packaging and system
integration challenges. Every test result contributes to a larger
understanding of product behaviour and manufacturing stability.

For advanced semiconductor products, the importance of test
extends beyond individual devices. Chiplet-based architectures,
emerging packaging platforms, plus HBM-enabled systems
introduce interactions that cannot be fully characterised at the
die level alone. Test must validate die-to-die communication,
package integrity, power delivery behaviour, thermal interactions
and system-level functionality. Productization increasingly depends
on understanding how multiple components operate together
rather than how individual components operate independently.
This shift reflects a broader industry transformation. Test

is increasingly becoming an intelligence platform - enabling
engineering, manufacturing, reliability and business teams to
make informed decisions throughout product lifecycles.
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Hurdles and opportunities?

While the role of test has expanded significantly, the challenges associated with productization
have likewise increased. Semiconductor products today are fundamentally different from those
developed a decade ago. The growing complexity of both silicon and packaging technologies

has introduced new hurdles that traditional test methodologies were not designed to address.

Anong the most significant challenges is the explosion of integration complexity.
Advanced packages now combine logic devices, memory stacks, accelerators, analogue
components and specialised chiplets into a single system. Each component may originate
from different process technologies, suppliers and manufacturing flows. Validating
these interactions requires a level of test visibility that extends well beyond conventional
wafer sort and final test approaches. Another challenge involves the growing volume

of data generated throughout product lifecycles. Wafer fabrication, assembly, package
manufacturing, burn-in, system-level test, reliability qualification and field deployment
each generate valuable information. However, these datasets often remain fragmented
across organisational boundaries. Without effective correlation, valuable learning
opportunities can be lost, slowing productization efforts and increasing operational risk.

Power and thermal behaviour represent additional hurdles. Al accelerators and high-performance
computing devices routinely operate at power levels previously associated with complete
systems rather than individual packages. Traditional electrical testing alone is now insufficient

to fully understand product behaviour. Productization increasingly requires correlation between
electrical performance, thermal characteristics, workload conditions and long-term reliability.

Yet these challenges also create significant opportunities. The growing availability of
semiconductor data enables more sophisticated analytics and predictive methodologies.
Advanced statistical techniques and Al algorithms can identify subtle patterns that may
not be visible through conventional engineering analysis. These insights can accelerate
yield learning, improve screening effectiveness and reduce time-to-market.

Adaptive testing represents another opportunity. Rather than applying identical test strategies
to every device, manufacturers can increasingly leverage silicon learning to dynamically
optimise test content, test limits and screening decisions. This approach improves both
manufacturing efficiency and product quality while reducing overall test costs.

Perhaps the greatest opportunity lies in transforming test from a reactive activity
into a proactive decision-making engine. By integrating information across product
lifecycles, organisations can identify risks earlier, respond quicker to manufacturing

challenges and accelerate the transition from development to volume production.

Business impact of test-driven productization

The impact of test-driven productization extends far beyond engineering organisations.
In today’s semiconductor market, product success is increasingly tied to execution
speed, manufacturing efficiency and customer confidence. Test influences all 3.
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Miniature cooling

aggregates

Maximum cooling performance in
a minimum of space. Our miniature
cooling aggregates ensure efficient
and reliable cooling of modern po-
wer electronics — even where instal-
lation space is extremely limited.

In addition to standard catalo-
gue items available for immediate
delivery, we also offer customised
solutions tailored to your specifica-
tions — starting from a single unit.

Find out more at:
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