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In semiconductor manufacturing, yield is traditionally defined as the percentage

of functional dies produced from a processed wafer. It reflects fabrication quality,
process stability and product compliance. Yet, as semiconductor systems have evolved,
this definition alone no longer fully covers the yield relevant to product success.

Consequently, today’s semiconductors, such as high-performance
system-on-chip (SoC) devices, Al accelerators, networking
processors and heterogeneous chiplet arrangements, pass
through several engineering stages before becoming commercial
products. Silicon produced by the fabrication process must

still undergo electrical screening, packaging integration, system
validation and reliability qualification. Therefore, the yield that
matters from a product perspective is the number of devices

that successfully pass the entire productization pipeline.

Within this framework, silicon yield acts as the bridge between
manufacturing capability and product success. While fabrication
creates the physical device structures, subsequent validation
stages determine whether the silicon can operate reliably within
its intended system environment. Furthermore, when yield also
directly influences cost of goods sold (COGS), as the number of
functional devices-per-wafer determines the effective cost-per-
shippable unit. As yield improves, more sellable devices can be
produced from the same manufacturing investment, lowering

unit costs and improving the product’s economic viability.

Thus, modern semiconductor productization extends
beyond wafer fabrication to include wafer probing, package
assembly, final electrical testing and system-level validation.
Each stage not only introduces new screening mechanisms,
but also provides deeper insight into device behaviour.

This staged screening process reflects the complexity of modern
semiconductor devices. A die that appears functional during the
wafer probe stage may still fail at later stages - due to packaging

Productization Stage
Wafer Fabrication
Wafer Sort Probe Test

Assembly & Packaging interconnect structures.

Final Test on ATE o
temperature conditions.

Validation under realistic workload and power conditions.

Electrical validation across voltage, frequency and

stress, marginal timing conditions, power delivery instability, or
interactions between multiple functional blocks. Consequently,
yield must be viewed as a progressively refined metric across the
silicon lifecycle, where each stage provides deeper visibility into
device behaviour and its readiness for real system deployment.

Post-silicon test flow, yield

visibility and discipline

Once wafers exit the fab, the responsibility for converting silicon into
a reliable product shifts to product engineering and test engineering
teams. At this stage, the objective extends beyond defect screening.
Post silicon testing must establish electrical visibility into the device,
identify marginal behaviours and generate diagnostic data required
for yield learning. The post-silicon test flow therefore serves as both
a screening mechanism and an engineering feedback system that
links silicon behaviour to manufacturing and design improvements.

The 1st stage of this flow is wafer sort, or probe testing, where
dies are electrically tested directly on the wafer using probe
cards and automated test equipment (ATE) rigs. Structural
tests, scan diagnostics and parametric measurements can
provide early insight into device functionality. Wafer maps
generated during this stage reveal spatial patterns of failing

dies - often exposing systematic process issues, such as
lithography variation, equipment excursions, or contamination
events. Because wafer sort occurs before packaging, it provides
the earliest opportunity to detect yield-limiting conditions.

After packaging, devices proceed to final testing, where electrical
validation is performed across voltage and temperature corners. This

Engineering Objective Yield Insight

Formation of transistor structures using lithography,
deposition, implantation and etch processes.

Electrical screening of individual dies on the wafer. Detection of structural faults and parametric deviations.

Process driven defects metric variation.

L SR S Sl ) UM Eir (R2E e Mechanical integrity and package interconnect quality.

Functional correctness and performance binning.

Detection of marginal timing, power integrity and system interaction failures.

| Table 1: The engineering objectives and yield insights associated with each productization stage
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Fabrication
Yield

1 Defines Initial Die Quality 1
Through Process Control,
Defect Density, And
Manufacturing Stability.

System-Level
Validation

1 Workload-Based Testing
Reveals Power Integrity,
Thermal Effects, And Interaction
Between Functional Blocks.

Wafer Sort

Visibility

Probe Testing Identifies 1
Structural Defects, Parametric

Variation, And Spatial Yield

Patterns Across The Wafer.

Final Test
Qualification

Packaged Devices Are Verified
For Functional Correctness,
Electrical Margins, And
Performance Binning.

Data-Driven
Yield Learning

1 Correlation Of Test Data
Across Stages Enables Root
Cause Identification And
Faster Yield Ramp.

| Figure 1: Yield lifecycle in modern semiconductor manufacturing

stage sees evaluation of the device in its packaged environment,
accounting for factors like package parasitics, thermal behaviour
and interconnect resistance. It also covers the conducting of
performance binning, classifying devices by frequency capability,
power consumption and parametric margins, providing statistical
insight into process variation across manufacturing lots.

For complex semiconductor products, electrical testing alone may
not expose all failure mechanisms. Hence, system-level testing
plays an important role by exercising devices under realistic
workloads. Failures related to power integrity, thermal conditions, or
subsystem interactions may appear only when multiple functional

blocks operate simultaneously under real system conditions.

Maintaining yield visibility across these stages requires
disciplined test infrastructure and strong data traceability.

Device identifiers, wafer coordinates and lot history must remain
correlated throughout manufacturing flows. When these datasets
are analysed together, engineers can link failure signatures
observed later in production processes to earlier manufacturing
conditions, enabling faster identification of yield limiters and
accelerating yield ramp during product introduction.
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Yield learning through post-silicon data
As semiconductor devices progress through wafer sort, final test and
system-level validation, large volumes of electrical and parametric data
are generated. This data serves as the foundation for yield learning. While
screening removes defective devices from production streams, yield
learning focuses on understanding why failures occur and how they
relate to manufacturing conditions, device design, test coverage, etc.

Post-silicon data originates from multiple measurement domains.
Parametric tests capture leakage current, threshold variation and
timing margins. Functional tests validate logic operation and expose
structural defects through scan diagnostics. Wafer-level spatial
information records the coordinates of each tested die. When these
datasets are analysed together, engineers gain visibility into device
behaviour across wafers, manufacturing lots and production tools.

Wafer maps are among the most powerful analytical views derived
from this data. They display the distribution of passing and failing
dies across the wafer surface and often reveal systematic process
issues. Circular signatures may indicate lithography focus variation,
radial gradients may suggest process uniformity problems, while
clustered failures may point to contamination or tool-related
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