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Abstract 
As semiconductor systems move deeper into AI, automotive, medical and 
industrial environments, Design-for-Testability (DFT) can no longer be 
treated as a downstream validation activity. It must be designed into the 
chip from the start as a discipline that protects reliability, accelerates yield 
learning and strengthens customer trust. 

DFT is no longer a step in the flow - it is part of 
architecture itself. 
This whitepaper argues that DFT is now a strategic imperative for modern 
semiconductor organizations. Drawing on industry experience, large-scale 
silicon deployments and HCLTech thought leadership, it explores how 
AI-era System-on-a-Chips (SoCs), chiplets and safety-critical applications 
are redefining test strategy, reliability and silicon trust. The paper contends 
that DFT should be treated as an architectural discipline, not merely a 
downstream validation task. 

The whitepaper outlines what a scalable, enterprise-grade DFT operating 
model requires from leadership, and how HCLTech enables organizations 
to mitigate risk, improves test coverage, accelerates diagnosis and scale 
execution across increasingly complex semiconductor landscapes — 
empowering executive teams. 

Introduction 
From downstream test to silicon strategy 
DFT is an essential board-level capability for semiconductor organizations. 
As chips power AI, automotive, medical and industrial systems, failure 
tolerance is decreasing. Testing must evolve from a late-stage activity to a 
strategic design discipline that drives reliability, manufacturability, cost 
efficiency and trust. 

Our position is clear: Chips now support systems where failure is 
unacceptable. Functional verification cannot detect all physical defects, 
while DFT embeds observability, controllability and diagnostic capabilities 
into the chip. 

Market data supports this shift: WSTS projects $760.7 billion for 
semiconductors by 2026, Gartner reports $793 billion in 2025 and McKinsey 
estimates $1.6 trillion by 2030, driven by AI and next-gen architectures. 

As semiconductor value grows, so does the risk from insufficiently tested 
silicon. 

From legacy practice To strategic DFT discipline 
Late-stage test insertion Architecture-aware planning embedded from 

requirements, micro-architecture and RTL 
stages 

Monolithic test thinking Hierarchical DFT across IP, subsystem, package 
and full-chip integration 

https://www.wsts.org/esraCMS/extension/media/f/WST/7057/WSTS_FC-Release-2025_05.pdf
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/the-cost-of-compute-a-7-trillion-dollar-race-to-scale-data-centers
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/the-cost-of-compute-a-7-trillion-dollar-race-to-scale-data-centers
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Business challenges and 
industry context 
Why the economics of testing have changed 
Three industry forces are converging: 

• First, semiconductor content is expanding in products that are 
safety-critical, compute-intensive and always connected. 

• Second, SoC complexity has exploded through heterogeneous 
integration, dense memory hierarchies, AI accelerators and specialized 
interfaces. 

• Third, commercial demands are intense: design teams must be more 
confident and thorough without letting test costs or schedules get out 
of control. 

Vijayaprabhuvel Rajavel, Technical Architect and Engineering Program 
Manager at HCLTech, describes this shift plainly: where DFT was once 
treated as a checkbox closer to tape-out, it must now be considered from 
the very beginning alongside architecture. That observation aligns with 
broader industry direction. Deloitte’s 2025 semiconductor outlook 
highlights how AI-led growth is intensifying design complexity, packaging 
innovation and the need for a stronger shift-left approach in chip 
development. Synopsys predicted that 50% of new HPC chip designs would 
be multi-die in 2025, underscoring how chiplet and 2.5D/3D integration are 
moving from edge case to mainstream design choice. 

That matters because multi-die and chiplet architectures change the 
test problem itself. The challenge is no longer limited to validating a 
single monolithic device. Teams must now consider die-to-die 
interconnects, package-level access, test content redistribution and 
diagnosis across multiple layers of integration. Semiconductor 
Engineering has noted that chiplets add more inspection and test steps, 
while Siemens EDA has highlighted the need for comprehensive DFT 
approaches for chiplets and 3D ICs. 

The implication for business leaders is straightforward: The test strategy 
must mature in step with product architecture. 

 Pressure point     Why it is growing     DFT response    
AI-scale 
complexity 

Massive SoCs, accelerator fabrics 
and deep memory structures 
increase observability and 
pattern-generation challenges. 

Hierarchical scan 
insertion, compression, 
MBIST/LBIST and early 
architecture 
alignment. 

From legacy practice To strategic DFT discipline 
Late-stage test insertion Architecture-aware planning embedded from 

requirements, micro-architecture and RTL 
stages 

Monolithic test thinking Hierarchical DFT across IP, subsystem, package 
and full-chip integration 

From legacy 
practice 

To strategic DFT discipline 

Functional confidence 
only 

Structural coverage and diagnosis that expose 
manufacturing defects and latent reliability risk 

Test as a cost burden 
Test as a lever for yield learning, safety assurance, 
customer trust and faster ramp-to-volume 

https://www.deloitte.com/us/en/insights/industry/technology/technology-media-telecom-outlooks/semiconductor-industry-outlook/2025.html
https://www.synopsys.com/blogs/chip-design/hpc-multi-die-chip-design-2025.html
https://blogs.sw.siemens.com/semiconductor-packaging/2024/09/24/enabling-comprehensive-dft-for-chiplets-and-3dics-using-tessent-multi-die/#:~:text=The%20integration%20and%20challenges%20of,enhanced%20test%20coverage%20and%20speed.
https://semiengineering.com/chiplets-add-more-inspection-and-test-steps/#:~:text=Ensuring%20the%20reliability%20of%20multi,ways%20to%20minimize%20these%20issues.
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Problem statement 
Why legacy test models are no longer enough 
Many organizations still operate with a fragmented model. Architecture 
teams optimize functionality and performance. Verification teams focus 
on logic correctness. Product engineering and manufacturing teams’ own 
silicon learning later in the lifecycle. DFT is often inserted between these 
groups as a specialist activity rather than as a unifying design principle. 
The result is predictable: late trade-offs, inadequate visibility into physical 
defects, rising tester time and avoidable debug effort after first silicon. 

The strategic dilemma is not whether to invest in DFT. It is how early, how 
deeply and how systematically to embed it. Semiconductor leaders must 
answer a tougher question: how do we build a DFT operating model that 
scales with advanced SoCs, mixed IP ecosystems, chiplets and increasingly 
stringent reliability expectations? 

Semiconductor engineers now need to consider: 

• How can we plan DFT earlier without slowing architecture and design 
decisions? 

• How do we preserve test coverage as SoCs integrate more third-party IP, 
memories, accelerators and multi-die structures? 

• How do we balance fault coverage, power, area, tester time and total cost 
of test? 

• How do we use DFT to improve post-silicon diagnosis and yield learning - 
not just defect detection? 

Without clear answers, DFT becomes reactive. With the right operating 
model, it becomes a competitive differentiator. 

 Pressure point     Why it is growing     DFT response    
Safety-critical 
deployment 

Automotive, medical and industrial 
systems have near-zero tolerance 
for latent defects and field failures. 

Higher structural 
coverage, 
diagnosis-ready 
test flows and 
reliability-centric 
signoff. 

Time-to-market 
pressure 

Programs cannot absorb large 
late-cycle rework after first silicon 
or bring-up. 

Shift-left DFT 
planning, reusable 
IP-level test 
architecture and 
automation. 

Advanced 
packaging 

Chiplets and multi-die integration 
introduce new access, isolation and 
interoperability issues. 

Package-aware 
test planning and 
coordinated 
top-level access 
strategy. 
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Solution 
A strategic DFT-by-design operating model 
HCLTech’s point of view is unequivocal: modern DFT must be treated as a 
shift-left, architecture-aware engineering discipline, tightly integrated 
across design, verification, physical implementation, product engineering 
and manufacturing test. The mandate is clear but rigorous: to build 
testability from day one and sustain it across the entire silicon lifecycle. 

At the operating-model level, that means treating DFT as part of product 
architecture rather than as a post-design insertion task. It means defining 
measurable test objectives up front, aligning block-level and top-level 
access strategies and ensuring diagnosis, coverage, power and cost are 
evaluated together rather than in isolation. For AI-era silicon, this is 
essential because brute-force external testing is no longer economically 
sustainable. 

1. Architect for observability and controllability 

Define the DFT intent at the requirements and microarchitecture stages, 
including access strategy, test modes, risk prioritization and resource 
budgets, before RTL freeze. 

2. Standardize hierarchical DFT 
Use reusable wrappers, IP-level insertion practices and subsystem 
integration patterns so blocks, subsystems and full-chip assembly can 
be tested coherently and efficiently. 

3. Coordinate techniques, not tools in isolation Combine scan chains, 
compression, Memory Built In Self Test (MBIST), Logic Built In Self Test 
(LBIST), power-aware Automatic Test Pattern Generation (ATPG) and 
diagnosis flows inside a single methodology instead of treating them 
as disconnected steps. 

In advanced architectures, BIST must extend beyond traditional use. 
TSV-aware self-test structures support 3D integration, while 
PRBS-based self-test enables at-speed validation of high-speed 
transceivers in AI and hyperscale systems. 

4. Design for diagnosis as well as detection 
Create test structures that help teams learn faster from first-silicon 
failures, manufacturing anomalies and yield excursions. 

5. Extend DFT into advanced packaging 
Treat chiplet and multi-die integration as part of the test architecture 
problem, with package-aware access and stage-specific test planning. 
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The sequence below outlines a practical roadmap for teams looking to 
reduce near-term risk while building long-term repeatability. 

Execution maturity also depends on talent. Rajavel emphasizes that DFT 
remains a field where fundamentals matter: digital logic, circuits, 
programming, debugging and curiosity. The most effective organizations 
pair tool fluency with engineering discipline and cross-functional 
collaboration, because the real leverage in DFT comes from repeatable 
operating models, not isolated heroics. 

HCLTech help clients build exactly that kind of repeatable capability - 
from architecture alignment and scan strategy to ATPG, MBIST/LBIST, 
hierarchical integration, verification alignment, silicon bring-up support 
and ongoing methodology improvement. 

Methodology 
From capability building to industrial execution 
Organizations that want to mature DFT systematically should move 
through a staged transformation. 

Benefits and value 
proposition 
Why DFT now shapes business outcomes 

Business impact 

Cost 
optimization 

Compression, BIST and power-aware planning help control 
tester time, pattern inflation and total cost of test. 

 Phase    Priority Illustrative actions 

1 Stabilize 

Benchmark current DFT maturity, identify 
coverage gaps, define standards, prioritize 
high-risk product lines and align ownership 
across design, verification and test. 

2 Industrialize 

Institutionalize hierarchical DFT, automate 
regression flows, integrate power-aware test 
planning and build reusable block-level 
methodologies. 

3 Differentiate 

Use diagnosis, analytics and silicon feedback 
loops to improve yield learning, shorten 
debug and support chiplet and 
advanced-package roadmaps. 

Value dimension Business impact 
Reliability and trust Higher defect screening and stronger silicon 

confidence improve brand credibility in 
mission-critical markets. 

Yield and diagnosis Structured test access and diagnostic readiness 
accelerate post-silicon learning and reduce 
failure-analysis effort. 
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For leadership teams, the larger message is straightforward: the cost of 
robust testing is meaningful, but the cost of not testing well is significantly 
higher. Escapes, recalls, delayed ramps, re-spins and reputational damage 
can quickly outweigh the area, effort and tooling overhead required to 
build strong DFT into the design from the start. 

That is why the additional analysis and industry research in this paper 
should be read as supporting evidence rather than the core story. The core 
story belongs to our HCLTech semiconductor perspective: as chips move 
into AI-intensive and safety-critical systems, DFT and reliability engineering 
become central to silicon trust. Market growth and architectural complexity 
simply make that strategic imperative more urgent. 

Conclusion 
Elevating testability to an enterprise capability 
The semiconductor industry has entered a phase where testability is 
inseparable from product strategy. Chips no longer reside solely inside 
consumer devices with tolerable failure margins. They now underpin 
systems that steer vehicles, support medical workflows, power industrial 
control and enable AI at scale. In that context, DFT is not a secondary 
engineering consideration. It is a strategic safeguard for reliability, safety 
and trust. 

The organizations that will lead the next era of semiconductor value 
creation are the ones that stop treating test as a back-end checkpoint and 
start treating it as a front-end design principle. They will plan for coverage 
earlier, diagnose faster, industrialize best practices more effectively and 
deliver silicon that customers can trust in the moments that matter most. 

For semiconductor leaders, the call to action is clear: elevate DFT from 
implementation detail to enterprise capability. The return is measured not 
only in fault coverage, but in business resilience, market credibility and 
engineering confidence at scale. 

Value 
dimension 

Business impact 

Time-to-market When DFT is planned early, programs avoid late 
architectural compromise and reduce downstream 
debug churn. 

Safety and 
compliance 

For automotive, industrial and medical segments, 
robust test strategy supports disciplined engineering 
and risk management. 

Cost 
optimization 

Compression, BIST and power-aware planning help 
control tester time, pattern inflation and total cost of 
test. 
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Summary of key insights 
1. DFT is no longer a downstream task — it is a strategic design discipline 

• DFT must move upstream into requirements, micro-architecture and 
RTL planning. 

• Functional verification alone cannot detect the physical defects 
introduced through fabrication, packaging and integration. 

• In AI, automotive, medical and industrial systems, testability is now 
directly linked to reliability, safety and customer trust. 

Treating DFT as a late-stage insertion step creates risk; treating it as part 
of architecture strengthens silicon confidence from the start. 

2. Shift-left, architecture-aware DFT is essential 

• Modern DFT must be tightly integrated across design, verification, 
physical implementation, product engineering and manufacturing 
test. 

• Test objectives, access strategies, diagnosis readiness, power and 
cost must be aligned early, not optimized in isolation. 

• Building testability from day one reduces late-cycle trade-offs, 
rework and downstream debug effort. 

A shift-left DFT model enables semiconductor teams to design for 
testability rather than retrofit it under schedule pressure. 

3. Complexity in AI-era silicon is reshaping the economics of test 

• Massive SoCs, AI accelerators, deep memory hierarchies and 
third-party IP increase observability and coverage challenges. 

• Chiplets, 2.5D and 3D integration introduce new test access, 
interoperability and package-level validation requirements. 

• Traditional brute-force external test models are becoming too costly 
and too limited for next-generation devices. 

As semiconductor architectures become more heterogeneous, test 
strategies must evolve in parallel. 

4. Hierarchical and diagnosis-ready DFT operating models create 
resilience 

• Reusable wrappers, IP-level insertion practices and subsystem 
integration patterns improve scalability across complex designs. 

• Coordinated use of scan, compression, MBIST, LBIST, power-aware 
ATPG and diagnosis flows improves both detection and learning. 

• Diagnosis-ready structures accelerate yield learning, first-silicon 
debug and failure analysis. 

The strongest DFT models do more than detect faults; they help 
organizations learn faster and improve silicon outcomes over time. 
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5. Advanced packaging extends the DFT challenge beyond the die 

• Multi-die and chiplet-based systems require package-aware access 
strategies and stage-specific test planning. 

• Test must now account for die-to-die interconnects, package 
integration and inspection across more layers of assembly. 

• DFT can no longer be confined to monolithic chip assumptions. 

As packaging innovation accelerates, DFT must expand from chip-level 
implementation to full-system test architecture. 

6. DFT maturity now influences business performance, not just 
engineering metrics 

• Higher defect screening and stronger structural coverage improve 
reliability and brand trust in mission-critical markets. 

• Early DFT planning helps shorten debug cycles, reduce re-spins and 
accelerate ramp-to-volume. 

• Compression, BIST and power-aware methodologies help manage 
tester time, pattern inflation and overall cost of test. 

The return on DFT is measured not only in fault coverage, but in faster 
execution, stronger resilience and better commercial outcomes. 

7.   Enterprise-grade governance and capability building are key to scale 

• Leading organizations benchmark current maturity, standardize 
methodologies and align ownership across design, verification and 
test. 

• Sustainable DFT excellence depends on repeatable operating models, 
not isolated specialist effort. 

• Talent depth in digital logic, circuits, debugging and cross-functional 
execution remains critical. 

DFT becomes a competitive differentiator when it is industrialized as an 
enterprise capability rather than treated as an individual engineering 
function. 

8. The strategic mandate is clear 

• As chips move deeper into safety-critical and AI-intensive systems, 
robust DFT and reliability engineering become central to silicon trust. 

• The cost of strong testability is meaningful, but the cost of inadequate 
testing is far greater. 

• Semiconductor leaders must elevate DFT from an implementation 
detail to a board-relevant capability. 

The organizations that will lead the next era of semiconductor value 
creation will be those that embed testability from the start and sustain it 
throughout the full silicon lifecycle. 
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