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RENESAS OVERVIEW

Renesas empowers a safer, smarter and more sustainable future where
technology helps make our lives easier.

The leading global provider of microcontrollers, Renesas combines our
expertise in embedded processing, analog, power and connectivity to deliver
complete semiconductor solutions. These Winning Combinations accelerate
time to market for automotive, industrial, infrastructure and loT applications,
enabling billions of connected, intelligent devices that enhance the way people
work and live.

A

Headquarters

Tokyo, Japan

Approx. 21,000

employees *

Operating in
30+ countries

1,502.7 billion yen

revenue in 2022
(~$10 billion USD)

Approx. 20,000

patents & pending applications
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OUR HISTORY

Renesas is built on the foundation that combines the rich culture of technology and innovation of Hitachi, Mitsubishi and NEC.
Since 2017, we have expanded our analog product portfolio through many acquisitions including Intersil, IDT, and Dialog.
Renesas will continue to grow as a global leader in embedded solutions for high-growth markets: automotive,

industrial/infrastructure and loT.

Spin-off from NEC

Started operation

NEC Electronics and
Renesas Technology merged

NEC Electronics REN ESNS

Renesas Technology

Spin-off from Hitachi and
Mitsubishi merger

Investment by INCJ

Acquired
intersil

Acquired

¢Jdialog

Celeno’ 2

-@-C@80—

Acquired Acquired
@IDT =% RealityAl
STERADIAN

Intersil: Intersil Corporation, IDT: Integrated Device Technology, Inc., Dialog: Dialog Semiconductor Plc, Celeno: Celeno Communications, Reality Al: Reality Analytics, Inc., Steradian: Steradian Semiconductors Private Limited
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GLOBAL NETWORK

o O |
ww1 Global sales network operating
EMEA across more than 20 countries
‘ [ 3K !
3® B ‘.: 'H“N /
% ~ [ o ® China ‘ ° Comprehensive R&D capabilities
“ é ® enable seamless support across the

i C obe

Americas ‘
ﬁi ¥ ﬂ. 12 manufacturing facilities in Japan,
ﬂ“ﬂ‘ China, Southeast Asia, and the US
Asia
o (excl. China and Japan)
. Global partners such as TSMC and
w 1,000 employees* GLOBALFOUNDRIES

® Headquarters @ Major sales offices @ R&D sites @ Manufacturing sites (CIFront-end, /ABack-end)
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RENESAS EPSG CENTRAL ENGINEERING GROUP

Sailesh Chittipeddi
EVP / GM

SCOTT MARTIN
VP
Central Engineering Division

HELEN YU
Sr. DIRECTOR
PE/TE/PM/Foundry

Product Test Engineering Program Management Foundry Operations
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DATA CHALLENGES

O Huge, World-wide organizations
= High number and large variety of products
= Need to handle large data sizes and produce meaningful analysis
O Comprised of many mergers / acquisitions with different procedures and formats of data
= Various databases, loading structures and methods
= Different retest and binning methodology.
= Different naming systems for test insertions.
= Different naming systems for test hard wares (e.g. handler IDs, LB IDs, ATE tester IDs)
O Data integrity challenges
» Different data loading rules in different acquisitions

= |nconsistent STDF file format

» QOld type of ATE tester platforms don’t support STDF file format
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PRODUCT ENGINEERING CHALLENGES

0 Comprised of many mergers with various analysis tools and analysis styles across x-companies

= Acquired companies have different tools to analyze data

Results in non-unified and non-standard reports

High tool maintenance cost

O Most product engineers used another vendor and/or internal tools

In the other vendor’s tools, data analysis was slow.
Sometimes engineers need to wait for custom template generation before doing the analysis.

Sometimes engineers need to wait a whole night to download the data from a remote server before doing
analysis.

Sometimes engineers have difficulties to merge test data (e.g first test vs retest).

Internal tools are excellent for fast generation of overall yield summaries, but lack in-depth data analytic
capability.
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LOOK FOR NEW SOLUTIONS

O To solve these data and product engineering challenges it faced for years, Renesas decided to
evaluate several SW packages and decided to run a pilot with PDF Solutions at the end of 2020

O Key metrics for this pilot included

» Data loading compatibility

» Ease of analysis

= Analytics features and capability

= Analysis scope and ability to customize

= Scalability of the tool
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WHAT IS GUIDED ANALYTICS?

Guided Analytics Modules

(

lo

@~

\ GA-Manufacturing Analyticsj : GA-Test Operations

Exensio-MA, TO

Manufacturing

Analytics

PGS, AO platform

Test

Operations

Process
Control

Assembly
Operations

Guided Analytics provides easy to use, fast, and structured

analysis flows
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GUIDED ANALYTICS: POWERFULAND EASY TO USE

Automates up to 90% of analysis; Quickly review with few clicks

» High level dashboard: At-a-glance prioritization across products

Easy to learn,

= Accelerate root cause diagnosis using Al/ML saving weeks of engineering effort
= |ssue-based flow: Guides novice users through typical Product Engineering analyses hlgh eff|C|ency
= Easy to customize analysis and perform ad-hoc drill-down prOdUCt

Ultra-fast performance analysis

= Views within seconds: pre-summarized analysis, data, and images
» Powered by Cassandra and Spark: 40x faster than relational dB for raw data summarization

» Performance advantage improves with data size
Analyze all your data types
= Continuously mine 100% of your data: Identify problems while you sleep

= Seamless integration of data types: Hard Bin, Soft Bin, parametric, PCM, test tools, etc.

= |ndustry leading semantic data model automatically identifies data relationships
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GUIDED ANALYTICS: FAST TIME TO MEANINGFUL RESULTS

Structured Analytics & Performance

Flexibility

Structured Flow Advanced Mode
» Fast, preconfigured analysis » Highly flexible tool for deep-
flow with few button clicks dive analysis across
» Automated dashboard multiple data sets
assessment and structured » Creation of templates

analysis flows

Management User
Casual User
Intermediate User
Advanced User

Guided Analytics supports wide range of users
Page 14 RENESAS
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GUIDED ANALYTICS - MANUFACTURING ANALYTICS (GA-MA)

O Benefits of data integration efforts to align data

= Set up & enforced rules before data loaded, e.g. WS wafer configuration standardization, STDF file standardization,
Renesas TDTF file template to standardize non-standard file formats.

= Determine protocols with PDF to determine final yield consolidation
= Retest Hard Bin standardization
= Aggregate yield calculation methodology by considering various retest protocols
O Develop data error count report in GA to reduce data and loading errors
= Establish user data integrity error tracking sheet
= Develop data error count by comparing with MES data

O Initially deployed to REN Analog, then rolled out to REN Power, Celeno, REN Core, REN Dialog
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GUIDED ANALYTICS TODAY AT RENESAS: DATA

A GA-MA is deployed across 96% of Divisions/ BU in EPSG

(1~2000 products in DB and more coming

Consistency in data loading across most BU'’s; benefits of structured test
operations

= PDF DB combines & merges data across data sources

= PDF DB aligns data such as HB/SB/parametric, FT vs. PCM and WS bins vs.
FT bins

= Data loading errors reduced from ~5000 to ~< ~20
196%o0f production data analyzed daily by GA-MA system

dDaily quality monitoring emails on selected products
© 2023 Renesas Electronics Corporation. All rights reserved. Page 16 RE N ESAS




GUIDED ANALYTICS TODAY AT RENESAS: PE

L GA-MA covers large percentage (~96%) of PE production analysis

GA-MA has been selected as the standardized production data analytic tool
Consistency in analysis methodology across the company

Easy for novice PE users to achieve results with the guided analytics
Experienced users create useful templates and save to GA for novice users
More/deeper analysis capability

Yield Dashboard of Yield vs. Targets (auto monitoring and easy drill down)

Combination of Exensio and GA to provide the data analysis flexibility
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GA-MA EXAMPLE: AI/ML FOR ACCELERATED ROOT CAUSE

Daily Top Yield Issue Summary
Probe Program Signal Yield Impact® . Analysis_type PCM/WAT or Meta Parameter Issue Conf. Stage
B &7 -Bin_87_HB2 ... 6.77 Univariate Tester WS
Low Yield 496 Univariate Tester FT
Low Yield 496 Univariate Tester FT
—— 4~ pre Vih - Edge 0.41 Univariate VIH avg — ws
Low Yield Suspect Tool FT
Programs e - - or PCM -
9 - Excurslon Daily dashboard sorts signals il
N Excursion . . o parameter FT
Sxcursio by yield impact. Identifies il
ow Yie
Low Yield suspect PCM or tool. FT
Low Yield FT

| # Wir/Sub-Lot Cnt and Percent for Selected Root Cause
e
3 Timfenge Range: “x<(m-45)", .. (m-2s)==x<(m-5)"_ “(M-s)<=x<(m+s)", (mesi<=x=<(m+2s)", . “w=(m+ds)
26% wafers with Vth | %77 Komasee | [(x=Parameter, m=mean, s=sidev)
>=1.8217 have | =+ slPweniiien fa, . )
Bin4_edge pattern " ) o Trend with PCM
. . pe wam o _ 5 ||
Al/ML identifies E E soe - I = parameter
i | .
PCM values ; 1 ER i e ] supports signal
causing Bin4 ; g jo : 1 — == :
[1.664,1.703] (1.703,1.742] [1.7421781] [1.781,1.868] ([1.869,1.898] [1.898,1.937
edge fallout 1.9% wafers with 1e Count 9 a0 167 o4 185 52
Vith = 1.8217 have Median 0.00384721 000370081 000522122 000700742 00214345 00519373
s | Bind_edge pattern g | Shiffers 1 2 L = E !
: WTH_ ? WTH
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WS PARAMETRIC DATA: STRONG EDGE PATTERN

Soft Bin Fail% for Selected Bins by Time/Lot Low CPK
Q Select several lots with high Bin4 failures, and plot
the associated test parameter for that bin.
1
IS)
_a' ; num... failed_testname Grand Total Lotl Lot2 Test Name Test Num Units Count Mean CPK(Prod) . CPK(Tar... CPK(WI
¥ = test_parameter 26,737 2,669 49¢ | test parameter 20000 v 727351 1857E+000  2860E-001 1.330E+ .
2 >
e e |
Data table: Product Map Columns
,Jé é © WSLowyYieldRa... B Data Table:
L 0.0000% 20000 % 4.0000 % 6.0000 % = 2 S1 Colorby , wismim 5
- | ] o i X Lot e ca?;aunl
Rassg 1 g g % = ®1sx<55
Fail Bin % T 3 % [ ] 3?3;:;:1?23
& a 2! @
PCM vs. Bin 8000 5 § g E
VS. E4 3 a8 g ~ "
© Wafer Pattern ) n % ® 6
7000 ® 1
© PCM/WAT 00S .
6000 2
"E 5000 \
4000 Wafer map plots
FolDostststes: L a failures outside of
Count % Production Limits.
Right hand chart: | 2000
QQPlot WaferMap
Selected Test: 1000 \
| param v ;
——— i AR N These lots are on
Slcylate Whath b 0 1.500E+000 2.000E+000 the hlgher Slde Of
Or=C A —a— ion limi
Dot b test_parameter the production limits | ...
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WAFER PATTERN: EDGE PATTERN AUTOMATICALLY DETECTED

Mavigation Panel

@ Wafer Analysis
@ Yield Trend

Bin Pareto

Parametric

rend

roduct

Product Summary - Pattern Yield Impact |

Units Total
Stage Lost Units

Pattern

2491 3314110 8

1283 957057

Total Yield
Wafers  Impact Center Donut Edge
905 0.08 %
263 0.43% . 0067 %

—

Yield Impact for edge pattern

Site & Meta

PCM vs. Yield

PCM vs_ Bin
(0 Wafer Pattern
& PCM/WAT 0OS

Fab Product Stage

WorkWeek » Lot Start Time » Lot

- Pattern Stacked Bar Chart

Fab Product Stage

- Wafer Maps

Time Period:
Day Week Month Quarter

0= A

&) Coovriaht @ PDF Solutiens In

Bins

] 0.3847 %

I 0.2693 %

I 0.1099%
0.0618 %

] 0.0412%

] 0.0275%
0.0275 %

0.0000 % 1.0000 %

Selected Wafers - Bin Pareto

Bin4 on edge
failure
2.0000 % 3.0000 % 4.0000 % 5.0000 %

Failed Bin %

e s, M

Fab Product Stage

- Weekly Stacked Wafer Maps

© 2023 Renesas Electronics Corporation. All rights reserved.

Page 21

ENESAS



SEAMLESS FLOW FROM GA TO EXENSIO TEMPLATES

Mavigation Panel

User 1
<«
& Wafer Analysis
2 Yield Trend User 2

( Bin Pareto
Parametric 3. All users

1. Super User 2. Hook up of GA

creates template to GA T benefit

Interactive WiMap

Site & Meta

User N

Super Users can create standard templates for all to use in GA
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CUSTOM TEMPLATE: DIV DASHBOARD

O Critical project yield vs target yield auto monitoring per division/ family/ test stage.
0 Seamless drill down from the divisional dashboard to low yielding lots.
L Easy guidance to cost yield adjustment

By Product/Stage/Location Stats

ov_FL Family Product Stage AveYield¥ Weighted Yield By Family  Gated Yield%  TargetYield¥  AveYield-Targets Lot TotalPassUnits Totallnits Calars:
IAD CP1 o732 o732 82.00 # 2043000 2108155 All values
CP1 80.4 80.4 82.80 1 438322 432000 (Empty)
MIIED CP1 0.1 80.0 89.30 50 10406774 10506402 @ Grester than 5.0
CP1 80.5 8.0 89.30 2 427538 420700 © Between 1.0 and 5.0
CP1 038 038 89.30 8 1876615 1809274 @ Eetween 1.0 and 1.0
CP1 or7 2e.0 89.20 -1.55 2 418507 420700
(0 Batween -5.0 and -1.0
CP1 238 880 oo [ 3457305 3407756
CP1 002 002 £9.10 17 3512820 3642855
CcP1 877 877 87.50 1 1371272 1403082
CcP1 807 807 88.50 122 1 170415 170880
cP1 06.8 06.8 83.00 281 a7 £145357 5414000
cP2 80.0 80.0 83.00 a7 5070628 8151270
cP3 0a.7 0a.7 ccoo [ = 4050247 5044850
CP1 96.6 96.6 83.00 280 13 2314729 2306178
CP2 a0 a0 83.00 1 227797 230334
CP3 230 230 85.00 291 3 582363 £a0325
CP1 880 880 szoo (S = 5356518 54365508
CcP2 28,3 28,3 czo0 [ - 1321050 1330180
CP3 o7.0 o7.0 sz.00 [ 5 1223578 1260042
SPED 820 o768 o768 ez [ - 1102108 1135050
826 84.0 84.0 es20 [ 1155015 1217300
828 833 833 81.70 1.80 28 1385000 1454050
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CUSTOM TEMPLATE: ECID TEMPLATE

ECID Trend
100% . — Note:
Normal:
Purpose |
80% Does not contain duplicated or empty ECID
Duplicated:
. . . "
= Detect unit stuck-in socket problem, which could cause § S
n 6%
. g Empty ECID:
false passing results. R
-
= Good units stuck in sockets. The subsequent units
0%
i REPG
always show passing results REFG
ww(03: 6 units from PORR4000FA, tested 2 times
o WWD1 W02 WWI3 W04 WWO5 WW05 during handler fix. Lot released
—SAT_Empty - P - - P e ww(04: 1 unit from POTUOB00J, under investigation.
0SAT_Duplicated % @ ™ 8% % % > Empty ECID
.  RERG Emety 0 e e # 1% 10 Confirmed non-standardization on pre-defined
SO I u t 10N m—REFG Duplicsted o o o 5% L * concatenate test numbers. Ren-Power team to
= orm! 0% s o e 5% g% standardize test numbers. ECD WW9
#oftestedlols 1 % = S 51 154
Workweek

= Generate unit ECID from the STDF file o ot ity oo o s ey

» Flag if ECID duplicated ECID count > 1

Quality ECID check-Controller (Nova, Mockingbird & Hawkeye)

. goldcreek-support@pdf.com
ts u to ts I ert e m al I S To Zhee Youn Chin; @ ChuiLing Wong; @ Chin Haw Wong; ® Weng Chye Ng; © Kh Wong; @ Khuen Yew Leong; @ Michael Pahanel; ' Wei Lik Low; @ Jun Jie Leg;
@ Edmund Chong Weng Cheong; @ Kok Siang Yeoh; @ Siew Liang Wong; @ Jin Song Les; @ Wei Quan Chuah; @ Seok Bee Les; © Eunice Tan; @ Abdul Halim Al-Rashid; +10 others
Ce pinghua.tsai@pdf.com

weicheng.huang@padf.com;
HHZ LotSumByfile_Controller_Mova_v3MvMbHetxt
43KB

i LetSum_Controller_Nova_v3MvMbHe. txt .
970 bytes

» Email alert to engineering team on duplicated ECIDs

ECID Check by Lot Selection {past 265 days) URL — Note: this template is currently under monitoring, your feedbacks are deeply appreciated.
https://ga.goldcreek.aws. pdf.com/spotfire/wp/analysis ?file=/Templates/Quality%2 0ECID%20Check/Quality ECIDCheck lLotSelect
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CUSTOM TEMPLATE: SAFE LAUNCH TEMPLATE

Purpose
The objective is to make ENG’s safe ramp data analysis A - PCM CEk Report
more efficient by leveraging PDF yield tool oz o ElGE
= New product yield, test time and quality monitoring and -
improvement g 1mui i -
H FAILURE PARETO FAILURE Test Numb WAFER SORT MAP By Waf
I m p I emen tatl on By SB by test insertion .......-.m,,,. (needs to be interactive to see )(;acra: 1earilure bin;
e e er— = suckmap Add In stack/individual Maps )gicval map
= Score products based on yield, LRR, test recovery ’ . Use Lo chck and repon
= |dentity TTR opportunities e e e g SL/SBL Summay Table
EHETTE _____Ei:stribution =T e si ss
= |dentify yield improvement opportunities e | LEP%MILI;;M%*F s "
= |dentify retest recovery rate reduction opportunities Retest Recovery Rate #% Top correlation yield/top bin vs PCM and meta Data
Binst Deita by SBin (Oeits = Firsteass - Finat (load board, tester, sites, subcon etc.)
= Auto report generation R X i i POVA (can b iterchanged becen all POS)
= ML to show the top comrelated metal data (g.g tester, site
etc)
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BENEFITS OF PDF CLOUD YIELD TOOL: RECAP

= Harmonized data and report format.
= Rolled out to ~96% of the EPSG divisions and more than ~2000 products loaded to PDF cloud database
= Automatic yield saving report (easy to track passive yield savings)
= Easy TTR and retest reduction opportunity findings
= Cost efficient solution by combining GA with Exensio.
v' Seamless flow from GA to Exensio for more in-depth analysis
v Novice engineers can perform statistic analysis with Guided Analytics.

v Experience engineers can develop custom templates with Exensio and save to GA for novice engineers

Engineering efficiency improvement by leveraging custom templates and Al algorithms

Custom quality templates can expand the capability of the tool to more than just a yield tool, but also a
quality shield for critical products.
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Renesas.com
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