Selected - Semiconductor Frontend Design-oriented Engineering

e Supported European semiconductor programs using Calibre DRC/LVS/PERC,
reliability checks, parasitic analysis, and advanced-node physical implementation.

e Delivered technical guidance across FinFET design, multi-die integration, and SoC
workflows with TSMC, Intel, GF, ST, and Apple.

e Improved customer flows by creating automation scripts (TCL/Python) to shorten
sign-off cycles and reduce tape-out delays.

e Enabled rule-deck quality by debugging PDK logic and collaborating with R&D on
feature enhancements.

e Trained engineering groups in SmartFill/ECO-Fill, PERC, ESD/LUP, and advanced
verification methodologies.

e Provided evaluations, benchmarks, and pre-sales support for new Calibre capabilities.
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Calibre 3D IC

Shift-left solutions

Shift-left Solutions

Enabling Calibre Optimizing Enhancing Reducing time-
tools to easily the speed and ease-of-use of to-market for
integrate in the versatility of Calibre tools our customers

design flow _.-=""""=-.__ Calibre tools o

=141 ‘ Faster | Increased Reduced
detection correction productivity cost

Calibre shift-left solutions continuously pursue innovative strategies and
enhancements to provide design companies with the greatest value.
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Calibre 3D IC

Ere Eon Veew Layer Opject Iood OpSops Verficgtion Macres Hep
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in B e | Select  Wove
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Cracking

Die warpage

2N Mechanical stress can be caused by IC
E— s e architecture and packaging

Lwost ovenavd ©  Cob overlayd  Owth [0 197 Oeme 48 2

A screenshot of a Calibre 3D Thermal, the Siemens EDA 3D IC thermal
analysis tool. Thermal gradients are shown overlaid on the physical layout

Stress analysis for 3D ICs
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@ Micro-bump

g LILT 1111 14" A |

_>'. Package Substrate or PCB Package Substrate or PCB

! 2.5D IC 3D1C

m L3

= 2.5D and 3D IC designs

>

o

=
O o 3DSTACK
Q PERC
© .3 3D IC rules
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L
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= 0
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Designers working on multi-die, multi-chiplet stacked
configurations in 2.5/3D IC designs can use Calibre 3DStack
physical verification checks to verify die alignments for
proper connectivity and electrical behavior

Assembly
layout

Calibre 3DPERC

ESD
violations

Die 1 Die N

PERC database PERC database

Inputs and outputs of Calibre 3DPERC ESD verification
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Calibre 3D IC

ESD Latch-UP

DRAM

Logic

| JREE | "" V

Implementing Fan-Out Wafer-Level
Packaging (FOWLP) with the HDAP Flow

QAQAQLOAOAO

PCB

FOWLP can significantly reduce the package footprint

Layer ‘RDL1’, 2 Nets, (HORIZONTAL), 560MHz, Current Density ~Hed

Achieving OSAT and foundry fabrication rules for package
substrate outgassing, metal-filled areas and power planes
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Calibre 3D IC
ESD Latch-UP

ESD Protection Scheme— ! Design Circuit = PMOS region Vdd
Vdd ’ | Poly gate Poly gate
* ? - 7|l _Jr_ "
x | [ n-well
C!amp ‘ ] out —
Circuit PAD Substrate (p)
A | —JC .
Latch-up formation
i .
VSS >
| -
Typical ESD protection scheme Vv WY

oD e Spacing constraint OB

L I

Candidate hot junction detection
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Calibre 3D IC

ESD Verification

Package

- w == = [nternal IO
External IO

External 10s vs. internal 10s

ESD verification
(complete 2.5D/3D IC design-level)

2.5D/3D IC ESD verification methodology flow
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Calibre 3D IC

ESD design-level verification

ESD violation

Report
missing or
wrong ESD
protection

Report ESD correct
correct ESD I
protection

|

Compare to
total P2P
limit &
report
violations

ESD design-level verification (complete 2.5D/3D IC)
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Assembly Level

Topology-aware flow
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«
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Voltage-aware flow

Latch-up design rule checking methodology and flows
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Calibre 3D IC

hot junction detection

1 ] 1
P N\ : I 4 ) :
Generate system assembly 1 : Layout device extraction 1
netlist ] [ - 4 1
I 1
s S : :
1 : Identify candidate hot junctions 1
i 3 i : ! L without markers y ;
Identify external 10s on " : -
assembly level : 1 1
s < 1 : ([ Capture corresponding layout | :
] ‘ [ L geometries ) 1
e N I -
Write custom report for every : I 1
S I 1
die with its external I0s on the 1 i - > 2 1
die level 1 I Perform geometrical 1
- / : I § measurements ) :
; | I
Ve N : 1 1
Fill in constraints sheet for 1 : Report hot junction violations | :
every die : : (NPN/PNP parasitic devices) | :

o >/
1 1 1
Assembly : : Die #1...Die #N :

Candidate hot junction detection methodology
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Physical Verification

Equation-based
checking

Property-based
debug

Hint-based
debug

Pitch-based
checking

Grid-based
checking
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One Syntax

One Rule Deck

NN

A

Z
2
Z
Z
7z
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One Run

Common
Debug

Fastest
Run Time

Reference
Sign-Off

Multi-patterning
checking

? | | pattern
1| matching

Automatic

1 | waivers

Integrated P&R
PV and repair

3D-IC
physical
varification

22

Average Speedup
> >

t
S

12

Average Speedup
Relative to Same Hardware

—+hyper remote
—+—Hyperscaling

‘———/

DRC provides fast, sophisticated, and proven technology that enables the fastest and

most accurate physical verification of the most challenging designs at any node
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Physical Verification

Early designh c

ion

icat

it verifi

ircul

LVS Recon SI

Early Design Complete Design

Iterations/Da
- 100
90
£ 70
' & 60
~.
£ 50
2 40
m
o 30
= 90 |
Block D 10
P ooco S o < e Sl B
Design A Design B Design C Design D Design E
- Routing is not complete Boxed (no verification) & Full-chip LVS Calibre nmLVS-Recon SI (BEOL)
- Top-level suPpIy - Fill not yet added m Calibre nmLVS-Recon SI (selected layers)
is not connected

I Block is not DRC-clean

LVS Recon runs selected circuit verification early in the design flow, enabling designers
to accelerate debug cycles and reduce the number of full-chip verification iterations

Selective connectivity extraction / Short isolation / Layer-aware short isolation / Net-
aware short isolation / Custom short isolation / Fast, integrated debugging / Design
process optimization
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Calibre Physical Verification

Physical design layout

Logic design
Logic Cell library

simulation Calibre

signoff

Memory verification

compilation

P&R DRC/LVS/PEX
i Block/chip

design

Post-layout

simulation

NoI

ACCURACY AND INNOVATION Preferred Foundry Sign-Off Tool

SVRF / Tcl Verification Format (TVF)/ Equation-based design rule checking / Optical
grid and pitch checking / Pattern matching / Double patterning / Automated waiver
management / Fast XOR / 3D-IC Physical Verification / Direct Database Access / HTML
batch reports / RealTime / Dummy SmartFill DFM / Recon DRC
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» Electrostatic discharge * Cross-power domain * Point-to-point resistance
(ESD) checking checking « Current density

* Electrical overstress (EOS) * Low power verification « Voltage-dependent DRC
checking

PERC enables a wide range of complex electrical and geometrical verification requirements to ensure
product reliability and performance

Calibre Physical Verification PERC
Advanced reliability verification

Circuit reliability verification /Electrical overstress / Electrostatic discharge / Multiple power domains /
Post-layout verification :

¢ Point-to-Point resistance (P2P)

e Current Density (CD)

¢ \/oltage-Dependent DRC

e Hot gate/diffusion identification

e Layer extension/coverage

* Device matching Page 15



Physical Verification mPOWER

Power integrity solution

i g m - mPower: canary-designi-top
— > Fle View Results Setup Highight Windows Help
Lot IR D per nstance Power Path Fesista

mPower HC dynamic analysis

¥ 9

: ) Static/Hand Analysis
Dynamic Analysis ———

Sensor arrays
Memories
Analog Sub-systems

Converters

Amplifiers

Drivers

S S B e R S E s
102 107 10° 108 1070

Number of Analog Transistors

The synchronized quad-view mPower GUI
simplifies and streamlines debugging and analysis

The mPower power integrity solution enables design

teams to provide complete, high-confidence power

coverage for all designs at any scale within their existing

design and verification flows.

mPower Analog:

* Simulation-based, high-capacity dynamic EM/IR
drop analysis

 Schematic and post-layout simulation waveforms

mPower Digital:

* Chip power modeling and packaging flows

* Vectored and vectorless analysis

High coverage vectorless analysis
RTL profiling and vectored analysis




Calibre xACT

ASIC/SoC

- —
~ Calibre xACT | Competitor

AMS/RF/

Custom e Integrated fast Solution
field solver « Pre-characterized
Caltre 2CT | Competto e FinFETs calculated | FinFETs in fixed
Forc s "R on-the-flyin 3D | configurations

on-the-fly in 3D configurations
* Higher accuracy  « Less accurate

TECHNOLOGY INTEGRATED 3D

1P/ Library e Higher accuracy | e Less accurate

Memory

Calibre Physical Verification xACT

XACT platform quickly and accurately, extracts parasitic capacitance,
resistance and inductance for a variety of IC design styles, from digital
to custom analog and RF.
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Calibre Capabilities to Simplify Irregular Shape Checking

Photonics, through-silicon via, & packaging checks

Circle Stadium Teardrop
« INSIDE CELL [NOT] CIRCLE » INSIDE CELL [NOT] STADIUM * INSIDE CELL [NOT] TEARDROP
Recognize ___
& "
separate P ChigTD N
\/ |
Eq=L-W Eq=L —-W+A4,
« DFM CIRCLE ANALYZE « DFM STADIUM ANALYZE « DFM TEARDROP ANALYZE
« DFM CIRCLE ANALYZE (center/ring) | = DFM STADIUM ANALYZE (center/ring) | + DFM TEARDROP ANALYZE
—_— (center/ring) s
ayer ing
Check e Center
Dimension % B <S-ou 4@
& / /NINRADIUS ~ S-in= , “‘\ l‘
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Calibre Vison Al
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Multi-view debug environment showing synchronized views of violation density
heatmap, detailed layout and analysis panels

Page 20



Advanced DRC debug and analysis

Calibre Vision Al

Left image shows the heatmap for all checks Rright side image shows the heatmap from
a selected Signal group

* Al/ML-powered DRC analysis and intelligent clustering
* Full-chip visualization and interactive analysis
* Integration, interoperability and collaboration with P&R tool

=
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Frontend Physical Verification Flow Overview

cadence

Cadence Tool Experience

Tools Used:
PVS / Pegasus - Physical Verification System & signoff (+ MDP Photomask preparation)
Assura - writing DRC/LVS rule decks and performing layout verification at block level

* Virtuoso Schematic Editor & Virtuoso Layout Suite
 SKILL Language Programming of Parameterized Cells(Pcells)

Quantus QRC - Parasitic extraction

Voltus / EMIR - Power, Electromigration models simulation, IR drop analysis
« EMXsimulator GUI/ EMX Planar 3D Solver & Voltus InsightAl
* Voltus IC Power Integrity Solution

Fast incremental analysis

IR drop diagnostics

Multi-method fixing

Seamless integration

Page 22


https://www.cadence.com/content/cadence-www/global/en_US/home/training/all-courses/84508.html
https://www.cadence.com/content/cadence-www/global/en_US/home/training/all-courses/84508.html

Frontend Physical Verification Flow Overview

Strengths & Achievements

Key Achievements:

Reduced signoff runtime by 30% using optimized PVS multi-thread flow

Customized DRC/LVS runsets aligned with foundry standards (i.e. TSMC 28nm, 7nm)
Collaborated with DFM/Mask teams for tape-out verification

Experienced in both frontend (Physical Verification) and backend (mask preparation,
data verification)
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Frontend Physical Verification Flow Overview

Cadence® Pegasus Design Review Environment

The Pegasus Design Review Environment rapidly loads large layouts
(GDSII, OASIS®, LEF/DEF, MEBES, and other industry- standard formats)
providing a rich set of debugging and inspection features, including
measurement, dynamic visualization, multi-database overlay, net
connectivity tracing, cross-section viewing, and GDSII/OASIS editing.

Pegasus Layout Pattern Analyzer

Improve systematic and parametric yield and meet foundry
DFM signoff requirements

Pegasus CMP Predictor

Predict and reduce systematic and parametric variability at
chip- and wafer-level due to CMP-induced topography and
layer thickness variations

Pegasus Computational Pattern Analytics
High-performance production-proven layout processing
Pegasus Critical Area Analyzer

Estimate random yield loss and assess layout robustness
against random defects
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Frontend Physical Verification Flow Overview

The Interactive Short Locator running within the Virtuoso Layout Editor cadence
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i L.' {
| 5 » I Select] SelN)0 S0 S&0)) | XO7200 YA421.7850 ax ¢ : _FIND_SHORT

M nZoomBelativeScale(hGetCunsntvindow]) 0.5) R _brtMouieroplp(
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Frontend Physical Verification Flow Overview

DRC Runtime in seconds with Virtuoso PVS cadence

DRC Runtime in Seconds with 3D Devices/FinFET, 3D-IC/TSV

Virtuoso® Integrated Physical

Verification System (IPVS) @ o Voltage-Dependent Rules

Innovus™/PVS DRC ‘ ’ Multi-Pattern Decomposition
Programmable ERC (PERC)

Automated DRC Fixing o o -~ e
.  \ ull-Chip Review/Finishing
Track-Based Fill
Mixed-Signal Constraint
Validation

With PVS, the flow supports double patterning, triple patterning, quadruple patterning, 3D-
IC and FinFET rules, advanced device extraction, and extends physical verification technology
into design reliability checking and constraint validation

ECO, Timing-Aware Metal Fill
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Frontend Physical Verification Flow Overview

IN-DESIGN INTEGRATIONS cadence

IN-DESIGN INTEGRATIONS

Innovus Implementation System Virtuoso Studio
Digital Design Custom/Analog Design

Quantus Transistor Flow

Related Products EXtraCtlon SO|Utlon Related Products

Tempus Tempus ECO Pegasus Spectre
Static Timing Analysis Static Timing Analysis Verification System Circuit Simulation
Cadence Certus Voltus Voltus-XFi Liberate
Design Closure IC Power Integrity Custom Power Integrity Library Characterization

Quantus Field Solver
Built-In Massively Parallel and Cloud-Ready 3D Extraction Solution

The Quantus Extraction Solution is tightly integrated with the Innovus Implementation System
for digital designs and Virtuoso Studio for custom /analog designs. Quantus also offers

Quantus Field Solver, a cloud-ready extraction tool delivering unmatched accuracy. Page 27



Calibre Products Portfolio
Backend manufacturing
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