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The production of Systems-on-Chip and embedded systems is becoming more complex and 
massive in recent years. This aspect is also responsible for the continuous and rapid growth of 
anomalous system behaviors. In safety-critical sectors, such as automotive, it is crucial to prevent 
system anomalies. 
• Devices are affected by increasing test time and costs
• Fully covering all potential misbehaviors is challenging
• Test escapes due to not-covered faults
• Companies struggle for having unexpectable field returns, in the worst case resulting into a No 

Trouble Found (NTF)

A. Manufacturing test cost optimization

B. Assessment of System-Level Test programs C. Stress stimuli for a monster case of study

D. Logic diagnosis of field returns

Case studies
1) Automotive SoC produced by 

STMicroelectronics:
› 20 million gates
› 40 nm technology
› ⁓700K Flip flops
› Multi-core architecture
› ASIL-D compliant

DUT

2) Advanced Driver Assistance 
Systems SoC produced by 
STMicroelectronics:
› 90 million gates
› 7 nm technology
› ⁓4M Flip flops

The rising complexity of Automotive Systems-on-Chip

Method Economic
gain [%]

Testing site Test escapes
handling

Data input Outcome Reported case study

Song [1] No gain Single-site Not handled Production 
data

Reordered
patterns

ISCAS’89 benchmarks

Lin [2] 0.8 Single-site No test escapes Data from 
previous testd
Wafer

Reordered
patterns at each
Wafer

ISCAS’89 benchmarks

Nigh [3] 1.1 Single-site 
and multi-site

Not handled Production 
data

Number of 
useless patterns

IBM devices

Proposed
methodology

3 (current
pattern set)
6.1 
(criticality-
oriented)

Single-site 
and multi-
site

Handled by 
successive test 
phases

Production 
data + device 
information

Model adaptable
to any pattern 
set capable of 
finding the best 
point to cut
patterns

Academic
benchmark + 
industrial SoC
produced by 
STMicroelectronics

𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑃𝑃𝑃𝑃𝑃𝑃 ∗ (𝑇𝑇𝑊𝑊 ∗ 𝑘𝑘𝑊𝑊 + 𝑌𝑌𝑊𝑊 ∗ (𝑘𝑘𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑘𝑘𝑃𝑃 ∗ 𝑇𝑇𝑃𝑃))

𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑃𝑃𝑃𝑃𝑃𝑃 ∗ (𝑇𝑇𝑊𝑊𝑊𝑊 ∗ 𝑘𝑘𝑊𝑊 + 𝑌𝑌𝑊𝑊𝑊𝑊 ∗ (𝑘𝑘𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑘𝑘𝑃𝑃 ∗ 𝑇𝑇𝑃𝑃))

How much can we reduce the time during Wafer Sort to not increase so much the 
wafer sort escapes and consequently lose the cost gain?

𝑇𝑇𝑊𝑊𝑊𝑊 = 𝑥𝑥 ∗ 𝑇𝑇𝑤𝑤 ⇒ 𝑌𝑌𝑊𝑊𝑊𝑊 = 𝑌𝑌𝑊𝑊 + 1 − 𝑌𝑌𝑊𝑊 ^(1 − Ω 𝑥𝑥 )

Weighted
Fault coverageΩ(x) = ∑𝑛𝑛=1𝑁𝑁 𝑊𝑊𝑛𝑛∗𝐹𝐹𝐷𝐷𝑛𝑛(𝑥𝑥)

∑𝑛𝑛=1𝑁𝑁 𝑊𝑊𝑛𝑛
𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝐹𝐹𝐷𝐷𝑛𝑛 ∈ {0,1}

Density Candidates

IEEE Transactions on 
Computers 2024

IEEE LATS 2022, IEEE 
IOLTS 2023

Pattern set currently used in 
production

6 months production

Model Pearson 
Correlation Index

Average error [%]

Uniform 0.968 0.16

Non-Uniform 0.991 0.07

Criticality-oriented patterns
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• Clock-domain crossing: faults in the intersection of flop logic cones that are not triggered by the 
same clock domain. 

• Chain configurations crossing: faults in the intersection of flop logic cones that do not belong to 
the same chain configuration.    

• ATPG critical: faults that are difficult to observe because they are linked to a few scanned flops. 
• Functionally untestable: faults that are impossible to excite and observe during a normal 

functional program execution such as debug circuitry and test enables for FFs.

Xbar1, stuck-at

Pattern set Toggle coverage [%]

5 ATPG (production) 84.7

32 ATPG 90.6

64 ATPG 91.8

64 pseudo-random 91.2

12 * 64 pseudo-random 
(one chain at a time)

92.2eARTS 
2024, IEEE 
ETS 2026

Research activity carried out during 
an internship period at 

STMicroelectronics

Case study 1

Case study 1 Case study 2

Case study 1

The proposed approach aims at conducting logic diagnosis solely based on the information obtained from the signature of a Logic 
Built-In Self-Test (LBIST) collected in-field. 
In-field data collection: at each key on/key off, LBIST tests are executed and information about failures are stored into FLASH.
Logic diagnosis of field return devices: if the device returns back to manufacturers, the information stored are exploited to diagnose 
the possible failures.

IEEE Transactions on 
Computers 2025
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Faulty
chip #

DR DR [4] DR [5]

1 2 40,116 16,950

2 25,299 4,105 3,280

3 198 15,990 11,925

4 41 11,764 9,530

[4] Wu-Tung Cheng, Manish Sharma, T. Rinderknecht, Liyang Lai and C. Hill, 
"Signature based diagnosis for logic BIST," 2007 IEEE International Test Conference
[5] CHENG, W.t.; SHARMA, M.; RINDERKNECHT, Thomas, H. Improving the 
performance of signature based diagnosis for Logic 995BIST. PCT/US2009/034933, 
2009
[6] S. Gopalsamy and I. Pomeranz, "A Storage Based LBIST Scheme for Logic
Diagnosis," 2024 IEEE 42nd VLSI Test Symposium (VTS)

Case study 1 Case study 2

LBIST 
part.

Avg DR Avg
DR 
[6]

0 92 44

1 207 81

2 103 52

3 100 65

4 101 58

5 109 56

6 123 77
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