Yield Management
in Semiconductor

Manufacturing

Yield (the percentage of fully functional dies produced

per wafer) is a fundamental semiconductor fabrication
metric - determining profitability, operational effectiveness
and market competitiveness. As this industry progresses
towards ultra-advanced technology nodes (<2nm),
manufacturing complexity will constantly increase, with
wafer processing costs also getting substantially higher.

All of this will intensify the economic
significance of attaining incremental

yield improvements. As a consequence,
effective yield management is needed -

often a combination of rigorous analytical
approaches, precise data collection, plus
sophisticated data methodologies. For such
purposes, semiconductor companies deploy
advanced yield management system (YMS)
implementations. These systems encompass
comprehensive technical frameworks -
integrating real-time data acquisition, robust
statistical process control (SPC) methods

and, more lately, state-of-the-art machine
learning (ML) algorithms so as to rapidly detect,
analyse and proactively correct yield-impacting
deviations.

A typical semiconductor YMS incorporates the

following attributes:

A data acquisition layer - Offering real-time
integration with manufacturing execution

system (MES) technology.

Data storage/processing infrastructure -
Utilising high-performance databases, data
warehouses and cloud-situated computing
platforms to store and analyse extensive
manufacturing datasets efficiently.

Process monitoring to control methods - By
employing different clata control methods,
process capability indices (Cp, Cpk) and
structured design of experiments (DoE), tight
control over manufacturing processes can

be maintained.

Fault detection and classification (FDC) -

Real-time algorithms can automatically

identify and categorise equipment
malfunctions or process drifts, thereby

enabling rapid corrective actions.

Advanced ML algorithms - Application of
predictive modelling techniques, including
neural networks, random forests, anomaly
detection and principal component
analysis (PCA), enables forecasting of
yield performance and proactive defect
mitigation.

Overall, an industry-standard YMS will leverage
these components to provide predictive insights
and recommendations, so as to help improve
silicon yield. Consequently, semiconductor
manufacturers may then optimise wafer
throughput, maintain competitive advantages,
plus enhance overall financial results, as yield

proves a critical factor here.

Evolution from a
semiconductor
manufacturing standpoint
The evolution of yield management in
semiconductor manufacturing can be broadly
categorised into 3 distinct eras - each defined
by technological
advancements,
analytical approaches e .
and operational  rrombion
capabilities.
Scaisbo ract
The Manual Era ;
(1980s to 2000s)
marked the early
stages of yield
management, where
semiconductor

companies |

predominantly relied on m
and fundamental analytical methods. Engin
conducted visual wafer examination during this
phase and logged defects into spreadsheets.
SPC was limited to simple manual analyses using
basic control charts. The primary challenges of
this era included insufficient defect traceability,
slow feedback loops, prolonged time for yield
ramps and predominantly reactive problem-
solving practices.

Transition into the Advanced Era (2000s to
2020s) brought significant automation and
increased analytical capabilities into yield
management practices. Semiconductor

fabs and related companies began adopting
automated SPC systems, enabling more
efficient data collection, rapid defect detection
and systematic trend analysis. Dedicated
analytical software facilitated comprehensive
scrutiny of yield data, improving accuracy

and responsiveness. However, despite these
advancements, limitations persisted, notably
the inability to implement real-time predictive
analytics, computational constraints in
processing extensive datasets, as well as limited
integration to various analytics software and
big-data features.

YMS has now entered the Automated Era
(2020s onwards). This is characterised by
ever-improving real-time predictive analytics,
ML-driven process control, plus seamless
integration of in-line metrology and MES
infrastructure. Semiconductor companies
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Figure 1: The main YMS aspects outlined
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now actively manage yield through predictive
identification of defect sources. This level

of automation allows fabs to proactively
manage subtle process variations, significantly

enhancing yields and operational efficiency.

These technological leaps have provided
semiconductor manufacturers with powerful
analytical capabilities and real-time decision-
making tools, markedly improving their

ability to maintain competitive yields and
boost profitability. However, with Al-driven
approaches taking over the software world,
the YMS domain is certain to go through an Al-
based era too. How YMS will evolve in this era is

yet to be seen.

Deploying advanced YMS implementations
involves interconnected cost components,
each influencing semiconductor companies’

investment decisions. Understanding these

Category Description

Software licensing

Data infrastructure

Integration and
implementation

Personnel and
maintenance

Benefit Category Explanation

Yield improvement

Sl e T E equipment utilisation.

Faster yield ramp
and cycle time
Defect reduction
and stability

Computing hardware, storage
systems and maintenance.

System integration, upgrades and staff training.

Annual staffing and ongoing system support.

Increased profitability from higher wafer
yields at advanced technology nodes.

Reduced downtime and improved

Quicker product qualification, reduced
cycle times and improved market

Lower defect rates, thus improving wafer
acceptance and profit margins.
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components, including software licensing,
infrastructure, integration and access to skilled
personnel, is essential for informed budgeting.
Equally important is evaluating the financial
returns derived from improved yield, reduced
operational expenditures, faster cycle times
and increased process stability.

Component costs - A breakdown of key
investment areas for implementing YMS is
needed, covering software, infrastructure

and ongoing operational expenses.

ROI and financial benefits - Significant
operational improvements and financial
gains are achievable - including greater
manufacturing efficiency, reduced
downtime and quicker product
introductions.

In summary, while YMS deployment requires
significant upfront investment, the long-term

financial and operational gains far outweigh

Typical cost range

Annual licensing fees based on data complexity. High.

Moderate to high.
Moderate.

Moderate to high.

Financial
Impact Level

Very high.
High.
High.

High.

the costs. A well-implemented YMS will pay for
itself through improved yield and efficiency,
becoming a strategic enabler for sustained
manufacturing competitiveness.

As semiconductor manufacturing grows

in complexity, YMS technology will evolve
through realistic, incremental advancements,
rather than disruptive leaps. Fabs will
increasingly adopt interpretable ML models to
classify defect patterns, detect early process
drift and support real-time, data-driven
decisions.

The focus will also remain on transparency and
usability, with tools engineers can trust and

act on. Real-time analytics will be embedded
closer to the equipment, especially in high-
impact areas like lithography and chemical
mechanical polishing (CMP), allowing process
engineers to react instantly through in-line SPC
and FDC systems before defects propagate

downstream.

On the infrastructure side, fabs will shift
towards scalable hybrid cloud/on-prem
architectures to manage growing data volumes
from inspection and metrology equipment.
Data standardisation across MES logs,
equipment records and inspection outputs will
become essential for unifying analytics. One
of the most impactful developments will be
stronger process traceability, linking final test
yield hits back through fab steps, materials and
tools.

Yield management will increasingly shift from
a reactive function to proactive, closed-loop
intelligence systems. These will help fabs
reduce variability, improve output and maintain
control in an environment of rising complexity

and cost.
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