/

PDF/SOLUTIONS’ SIEMENS
f “-._|';- e L |

ITC 2023 / OCT 2023




PDF Solutions and Siemens EDA accelerating yield

Tessent Siliconinsight + Exensio Bitmap Integration

Accelerating setup and analysis
for complex embedded memory products

PDF

SOLUTIONS™ Tessent Yieldlnsight + Exensio Integration
' N‘ ../.ﬁ Reduce time to yield by bringing together

scan diagnosis data with manufacturing analytics

Memory Fail
Bitmap Analysis

Learning Cycle
Cost Rising

I",

SIEMENS

Tessent Yieldlnsight + FIRE layout pattern systematics

Extend volume scan diagnosis

Pattern Complexity with layout pattern systematics
Increasing
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Tessent Yieldlnsight + FIRE/Exensio layout pattern systematics

FIRE/Exensio: Learning of fail-sensitive layout pattern

* Scan fail-based identification of candidates
*  Full-chip localization of sensitive layout patterns

Tessent Persistent store of all learned

Diganosis Layout pattern systematics I :
g s ayout pattern systematics

Volume diagnosis with Tessent Yieldlnsight for Layout Systematics

* Overlay sensitive layout patterns on diagnosis reports = FA
* Enables new scan fail analysis capabilities selection
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FIRE + Exensio: Layout pattern systematics learning

Net repeater fails I
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PDFISO LUTIONS" SI EM ENS © 2023 PDF Solutions, Inc. or its subsidiaries, Siemens — Confidential Information




Tessent Yieldlnsight: Volume scan diagnosis
with layout pattern systematics ——
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Review in context of
FA selection diagnosis report and layout
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Benefits of solution: FA efficiency

m Confirming suspected systematics defect locations is

— expensive
— Multiple PFA samples needed
— Fault isolation (Fl) + PFA costs range $50-100k

— time consuming
— 3-6 weeks for fault isolation / part + PFA time / sample

m Solution provides
— isolation of PFA search area to high confidence locations =»Shorter Fl + PFA time
— tagging of fails with previously confirmed systematics = Reduced number of PFAs
— learning of layout pattern systematics across multiple products
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Silicon demonstration results

B Successful demonstration on silicon dataset comprising multiple lots/wafers of scan
diagnosis data with foundry confirmed layout systematics

B Via opens in two lower metal layers identified as root cause for repeater fails

B 88% of repeater sets attributed to the same two root causes
— Multiple identified locations confirmed by PFA results

B <10 layout patterns per repeater set identified for visual inspection
— Demonstrated solution provides significant reduction in number of layout patterns to inspect

B Ongoing live silicon engagements on advanced process nodes
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Summary

m Enables identification of layout pattern systematic candidates
m Silicon-validated methodology
= Improves productivity by making efficient use of FA resources

m Faster closing of the entitlement yield gap

-3 Siemens and PDF Solutions are ready to engage with you

4l | to demonstrate the benefits of the integrated solution
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https://www.facebook.com/pdfsolutionsinc
https://twitter.com/pdf_solutions
https://www.linkedin.com/company/pdf-solutions
https://www.instagram.com/pdfs.inc/

Benefits of integrated Tessent — Exensio/FIRE solutions  Bclude

Integration

Tessent SiliconInsight (TSI) / MemoryBIST
+
Exensio Bitmap / Manufacturing Analytics (E-MA)

Tessent Yieldlnsight (TYI)
+
Exensio Manufacturing Analytics (E-MA)

Tessent YieldInsight (TYI)
+
FIRE layout pattern systematics

PDF/soLuTIoNs” SIEMENS

Include some in wor

Before integrated solution Benefit of integration solution

Efficient automated setup and comprehensive
memory fail analysis using all yield and
manufacturing data

Configuration of embedded memories for bitmap
analysis is time consuming

Use Exensio yield analysis to narrow down suspected
wafer and die populations for TYI analysis
=» Improve accuracy and efficiency

Use scan diagnosis data only to identify potential
failure suspect for PFA

Add layout sensitive fail mechanisms into scan
diagnostics
=>» Increased diagnosis resolution and accuracy

Use random defectivity fail mechanisms to narrow
down potential scan fail suspects
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Comprehensive diagnosis-driven yield analysis

= Siemens’ diagnosis-driven yield analysis (DDYA)
m Provides root cause defect Paretos
m Enables PFA candidate selection

Scan test

data
Diagnosis-driven

s Effectiveness depends on good selection of failing dies yicld analysis{BBYA)

Layout-aware diagnosis

Statistical Root Cause

s DDYA methodology does not use all available product data Deconvolution (RCD

Suspected
root cause

Needs efficient solution to identify best die population PFA candidate

based on comprehensive product fail analysis
=» Integration with Exensio Manufacturing Analytics
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Tessent Diagnosis-driven yield analysis (DDYA)

Logic diagnosis Layout-aware diagnosis

Low Yield (Scan)

——

Design 1, .
w/scan Lty
Verilog netlist 1

Diagnosis-Driven
Yield Analysis

Layout-Aware Diagnosis
Statistical Analysis

Q& Mach{ne
ov e 2 learning

Root Cause Deconvolution (RCD)
in Tessent YieldInsight application

Provides defect pareto from volume diagnosis data
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Tessent Yieldlnsight + Exensio integration overview
4 )

Yield and manufacturing data + Tessent Diagnosis reports ,

Bin data L | Wafer sort ||
el

Tessent

Tessent Diagnosis am—— Diagnosis

Metrology ||l | ... I reports meta data y
. .
\ Align scan diagnosis with all other data in Exensiy l
l Tessent Yieldlnsight

Exensio /—\ ~
Manufacturing /
Analytics (M-A) — v Interactive analysis of scan

/ Targeted die populations Exensio test data and design data
/ for scan diagnosis database

I Suspected
Interactive analysis l -
using yield and B —
manufacturing data : _— RCD suspects for E -E. E Pre-select.*ed
Final PFA correlation with yield PFA candidates
candidate and manufacturing data
selection
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Generating targeted populations for Tessent Yieldlnsight

RCD Pareto with dies from all 200 wafers
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RCD Pareto with targeted die population
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Correlation of RCD suspects with yield & manufacturing data

Tessent Yieldinsight
RCD Pareto : Dies from target population only Correlation of RCD suspects with Yield & Mfg Data

=
RCD - Sum of Probability LMax Error| Total l CRF Pareto |
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Correlation of RCD suspects with yield &
manufacturing data to increase the PFA success rate
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RCD suspects with high M2 short root cause

Gallery review of RCD suspect layout snippets
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Volume scan diagnosis with layout pattern systematics

Layout pattern
: L - : : systematic defects
= Volume scan diagnosis with analysis in Tessent YieldInsight
proven for learning of random defect sources Pattern-

dependent
via open

= In advanced technologies layout pattern systematics | —
contribute significant yield loss well into volume production I

.............

Prevent entitlement yield
for high volume production

Scan diagnosis-based yield learning needs to factor in layout patterns systematics

=» Combine Tessent Diagnosis / YieldInsight with layout pattern systematics using FIRE

PDFISO LUTIONS" SI EM ENS © 2023 PDF Solutions, Inc. or its subsidiaries, Siemens — Confidential Information

18



FIRE advanced layout analysis technology

High-performance Lavout. FIRE
FU"'Chip ELayou.t
xtraction
Electrical connectivity-aware Confie & Analysis
ProductLayout
Extraction of layout attributes =“~“——‘ LayoutAttributes

Fully-customizable = l LF@a....n B - i, s

______ antennas, elc.

Automated pattern classification

Grouping of similar patterns into pattern families Pattern
Family
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Net repeater-based layout pattern systematics learning

Patterns in Similarity: A similar pattern occurs WAL IEHEE LRIl LM Uniqueness: Similar pattern rarely Full chip
other repeater sets in other repeater sets (~100 patterns) occurs outside repeater sets (millions of patterns)
— o — T~ — Not unique
_________ I
- e — - ] T T==aa —
[ (e
I o o
< Not similar —
~~~~~~~~ H .
""""" — Unique
-~ I [ L]
—— — =T —— 0 - —
‘ nnnnnnnn >
L] |
~~~~~ Simil —
E— ‘~~~__”:" ar Unique
____________ -»
Layout pattern

systematic candidate

Net repeater fails - same net fails on multiple dies - are
high-confidence indicators of an underlying systematic fail root cause
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Full-chip extraction of layout pattern systematics

'| ......

Full-chip product f A | —
H III.III: .I-'IliHl.
des:gn Iayout - S FU”-Chip —
identification and localization
of groups of
Layout pattern similar layout pattern systematics

systematic candidates

-_’oye Group of similar
atics

PDFISO LUTIONS" SI E M E NS © 2023 PDF Solutions, Inc. or its subsidiaries, Siemens — Confidential Information 21



Tessent Diagnosis/Yieldlnsight + FIRE layout pattern systematics

Product
Scan

Tessent Diagnosis reports Diagno.sis =) Net repeater fa/lsj] layout
Scan test  [LLLLLHE _ l Report filter .

failures .
Layout pattern systematics ‘
learning
FIRE layout analysis
. . Identification of
DGR e OITSJ]] layout pattern systematics
| Full-chip localization of
Volume scan N groups of similar
analysis v layout pattern systematics

Tessent
layout database

ESETE LA TS Layout pattern systematics

impact summary

Analyses including
Layout pattern

layout pattern

systematic Fail net viewer with layout
pattern systematics overlay

systematics
database
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Memory trends and yield learning challenges

Example of complex Al chip: Graphcore

= Complexity of embedded memory products increases | @1l Nothsoc (==
x19 x19
: PCISS i X8 i PCISS
m >10K memories @ Msupemle """ NTILIL] o
m 100s of MBIST controllers ol || | Sl —tie (PW) —
west Sum“tmﬂﬁlﬂ
= Failure root cause analysis and setup of such complex P i s
embedded memory chips is a time-consuming task ik 5 =
E ....... X 8 ....... e
s anas
L | - SouthsSoC T
Needs an efficient automated

. . + 1216 IPUs (Intelliaence Processina Units) + local memorv = ‘Tiles’
setup and analysis solution + Total 10.000 memories = 300MB
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Integrating Tessent Siliconlnsight and Exensio M-A

7

Exensio Manufacturing Analytics

Tessent SiliconInsight

MemoryBIST technology Exensio Bitmap

e Efficient processing of raw MemoryBIST data

e Proven technology to collect fail information
from complex embedded memory products e Extensive tool set for comprehensive memory

fail analysis

e Analysis of raw memory test data does not
allow for volume data analysis

Tessent Siliconinsight / MemoryBIST + Exensio Manufacturing Analytics
\ = Single memory analysis platform /

© 2023 PDF Solutions, Inc. or its subsidiaries, Siemens — Confidential Information 25
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Tessent Siliconlnsight + Exensio memory analysis platform

Memory — .
Configuration

Automated Setup for Automated Setup for
Descrambling Classification

Topological Bitmap Classified Bitmap

Tessent

Siliconinsight (TSl)

Logical Bitmap

[
"Creatediith™: “mbist_batch.cdp generated
"TrackingInfo™: [“Design™: “mbixt batch.cq
"DserTestiame”: "MemoryBist PL°,
"Beader”: "Failurelndex ComtrollerDesige
"Failures™: [
"0 chip top rell sessems mhist cl combry
"l chip_bop ztll tessent shist cl combrd
"2 chip top rell sessems mhist cl comsr
"1 chip wop iye el ]

I mm

L Classified

- Cross Fail

- Signature

Illlllllllllim
(LTI TETTTTEEIETTTTLT] (LTI TETTTTEEIEITTTLT]

Exensio Bitmap
Exensio Descrambling Classification

MemoryBIST
Test Data Log

PFA Candidate Selection from
Comprehensive Analysis

PDF/soLuTIoNs” SIEMENS

i

SERRERERERE]

Exensio

Bitmap Module
(Interactive Analysis or
Automated Reporting)

Exensio M-A
Manufacturing Analytics

Root Cause Drilldown
Using Yield and
Manufacturing Data
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Setup of memory product

Classification signature setup GUI
(Add custom classification signatures)

Tessent
SiliconInsight CDP

Memory test
summary files
(summary.json)

Logical-to-physical
bitcell mapping files
(<macro>.bitmap)
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- Bitmap Processing Flow: Memory Fail Log = Exensio DB

Memory Failure Log process_memory_failures utility Logical bitmap

\ 4

v

(.flog / JSON format) (Conversion MemoryBIST fail log (ate.flog.bitmap)
- to logical & physical bitmap) -

Memory Tessent -
Test Siliconinsight

Bitmap classification
setup files

Logical-to-topological
descrambling rules

Exensio: DB loading Exensio: Classification Exensio: Descrambling
2CED LI ' Topological-to-Classified Logical-to-Topological
Classified bitmap Topological bitmap
(.bit) « (.mb2) *
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Exensio bitmap analysis capabilities

Fail Signature Paretos

16000

Identify yield-relevant fail signatures
and potential failure root causes
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Bitmap Fails

Inline Defects

Identify variabilities
Identify excursions
Identify subtle trends

L2008_07 L2008_ . .
memory macro issues Impacted L2008 07 s Correlate with other yield &
i Dbl Bit Y - Even '
) . . .. - memory mfg data to narrow down
with spatial variation ... hacro : f9 ) )
AL T root causes diagnosis
{ (BT 7 |
_:.--\ ' o L R ! ﬁ\ anE = 23 defects E = .
\\ W R e |‘ N T - .—\ Bitmap — Defect
" = —H =Ly S EE N E i B  — — .
\J XL w7 | T~overlay hits
=N -7 o RN - - ili: - -
\“\" BahdUiRett Memory Kiie Hihi a i Al for PFA submission
SO LEAGLT macro not S e \:;;:\% A
. impacted . . LN -
SEVEH rmpacte Bitmap Fail — Defect S Multi-Data
Stacked Maps Wafer Maps Stacked Die Maps correlation Correlations
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