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Maijor Electronics Industry Challenges and Cadence Solutions

Achieving PPA
targets at advanced
nodes

v

Chiplets,
3D packaging,
and PCBs

*\v

High-frequency
analog and RF
design

100s of 3nm tapeouts

2nm flow development

""" Al-driven tapeouts

IP to system-level
optimization and
analysis
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Where We Have Come From...

G
‘/' —.--:: cke : '
Yesterday’s advanced IC packaging Today’s advanced IC packaging
was often considered a
Avoid negative impact on chip Multi-chip(let) solutions leading the way for

“More than Moore” vision

Companies leveraging packaging technologies
to create value and differentiation from their
Redistribute 1/O to pitch more suitable competitors

eI S (PG [ehfel TSV, WLP, and 3D stacking technologies
providing a tremendous number of packaging
options for all form factors

Electrical, thermal, mechanical
Protect chip from the outside world
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Common Example For 3D Die/Wafer Stacking

Shorter Wire
Long 2D wire Less Power
2.5D/3D
Ad d
Higher Performance Pa\éﬁggﬁ]g
and
Higher Bandwidth 3DIC Die

Architecture

Smaller Profile

Replaced by Better Yield

AN
Shorter vertical wire

®
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Advanced Package Structure Flow Chart

Si interposer
(Through-Si-Via)

Wafer level
packaging (WLP)

@ Organic-based Organic fan-out

Hybrid bonding ROL

Glass interposer - .--.----.

https://www.idtechex.com/en/research-report/advanced-se miconductor-packaging-2025-203 5-fore casts-technologies-applications/1042

®
7 © 2026 Cadence Design Systems, Inc. All rights reserved C a d e n ( e



© 2026 Cadence Design Systems, Inc. All rights reserved.



3D Advanced Packaging and 3D-IC Architecture Summary

3D die stack digital architecture with IP-to-IP timing considerations

Single RTL partitioned at implementation - Full r s
IC required for layout (TSV for vertical stack) i (] B (2

With solderless die-to-die interconnect (hybrid bonding)

Creates 3D-IC Die stack block with a single output netlist

IDTechEx
Single- or multi-ie (hetero/homogeneous integration)

Dies designed independently- black box model

I/0 buffer to 1/0 buffer and individual die ESD structures
(BoW, UCle, AMBA CHI, UMI, etc.)

Generally, solder-based die-to-die and die-to-substrate/RDL interconnects

Pad-Ri Pad-Ri
(Except for RDL/embedding or Chip First RDL) £ AW

Single or multi-plane/fabric die integration
Can integrate 3D-IC die block option (post block design)

I/O buffer to 1/O buffer

(BoW, UCle, AMBA CHI, UMI, etc)

L
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When to Consider 3D-IC and 2D/2.5D/3D Advanced Packaging

Drivers:

O Power/Bit —
0 Si Node Yield/Size/Cost =
O Heterogeneous Integration SN
Q PPA T aDC Architacture

-rchit;ctu re

2D/2.5D/3D Advanced Packaging

.~ Feawe  Copper-to-Copper (Hybrid Bonding)  Solder Interconnects (Microbumps)
Interconnect pitch
Electrical resistance
Parasitic inductance
Parasitic capacitance
Signal bandwidth
Crosstalk Lower (shorter paths, tighter geometry)
Eye-diagram quality at high speed
Power delivery noise
Thermal behavior

OpenAl

®
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Why Advanced Packaging Is the Market Driver - Value Wave

Structural Shift 1: The package has become the system.
o Bandwidth and energy targets now solved in the interposer and stack, which shifts performance

bottlenecks into die-level assembly.

Structural Shift 2: Front-end style process control is moving into packaging lines (focus of equipment
vendors) Traditional flip-chip equipment vs fab-like processing (wafer-based)

Vishal Saroha-Yole Group 2025-WhitePaper |

Design Shift: Components of new Advanced Packaging System now must consider the multiphysics impacts
on each other — Shift-Left Analysis. Database management by tools and automation critical.

Memory Block
(Thermal, SI/PI)
: Optical Engine
3D-IC Design
Block (Thermal, Block (Warpage, Thermal)
SI/PI, EMI) Subetrts P_ackage Level
- Die/Block
csallllcon(’sl\l/lloplld/&/DL, ) o ‘/Image-ZFZ-ﬁEEEIm;.r:tionaIS;(gtate C;:;::s Conferem —Steve\Y:/ LayOUt/PIacement
ass , Warpage | ® SI/PI, Th ,
Substrate (SI/PI, Thermal, Warpage) fNarpage)erma

cadence
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Key Challenges for New IC Package Structures

Packages becoming larger and which is driving longer design cycle times.

Ability to for dense connections between processors and memory with certified
performance. Simple LSI bridge now more complex with DTC built in and TSVs.

In-design analysis and more critical to better understanding system-level impact
earlier in the design process. Eliminating exiting the layout tool for analysis during the design process.

System-level die/component and early analysis while also considering LVS/DRC.

Physical verification with improvement to -related incidents.

TechFiles Design Libraries Compliance Kits Manufacturing Rules Rule Decks

®
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Integrity™ 3D-IC Platform

Integrity System Planner Virtuoso/AWR
(Top-level planning, optimization and early-stage analysis) alog/RF/Photonics)

Integrity 3D-IC Allegro X APD

Allegro X (VMT)

Sigrity X, Clarity, Celsius, Voltus & Pegasus
(EMIR, 3D-EM, Signal Integrity, System Power/Thermal, DRC/LVS and SystemLVS Sign-Off)

Digital IC Designer Package Substrate Designer RFIC Designer
Primarily LINUX OS Primarily MS Windows OS Primarily LINUX OS
Chip-on-wafer and wafer-on-wafer Multi-die, multi-chiplet substrate layout Targets RF module design
Based on Innovus 3D-IC Die abstract editing level Integrated circuit simulation
Dies/Chiplet detailed editing level 3D-EM, signal Integrity, system power Electromagnetics extraction

®
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Allegro X APD Multi-Chiplet 3D Packaging Sub-Flow

/ Techfile-driven correct-by-

Integrity™ System Planner o PVS/Pegasus™ construction layout
(Planning, optimization and early-stage analysis) (Physical Verification)

/ Supports OSAT and foundry-
Allegro® X APD o crrera based packaging technologies

Silicon Layout Option / Flexible connectivity creation,

including layout-driven design
System-in-Package 2.5D with Bridge

. 5o _-——_ {Automated library development

Signoff DRC
Seamless 3DEM and thermal
modeling integration

e
/ In-design electrical analysis,
RDL Interposer SystemlLVS DRl
N
igrity urora for , Clarity ™, Celsius ™, Voltus . i iliti i
Sigrity™ X (A for IDA), Clarity™, Celsius™, Voltus™ Co-design capabilities with
(3DEM, Electrical and Thermal Signoff) Innovus™ and Virtuoso®

R cadence



1D Integrity System Planner: Enabling a Robust Muti-Chiplet Flow

- “Hierarchical e
. . : Stack Early-Stage
_Multl-Fabrl_c — Plannln_g_/ —_— Alignment / S Multiphysics
Signal Mapping Connectivity Verification Simulation
Management

Unified Design Environment
System-Level Floorplanning
Connectivity Optimization

Early System-Level Analysis

Hierarchical Planning and Optimization of System-
Level Design and Connectivity cadence
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(2D Allegro X Advanced Multi-Die Package Design Solution

. TERDTTNE  fe=
stry-leading constraint-driven corr:
struction layout with tech-file driven

Automated In-design
Iibrary generation Next-gen high- electrical analysis
ﬁ,. capacny auto- routlng
n

vanced layout capabilities supporti
ign electrical anaIyS|s and DFM ch

ultiple modes of connectivity creati
mcludmg layout-driven deS|gn

3 .. < >yd ‘H.
3 ".wn‘ o r P AR
Bidirectional interface @)

ADK-driven with Pegasus for formal
design DRC/LVS signoff Certified for
methodology foundry-based Innovus™ (digital IC) and Virtuoso

advanced packaging
technologies

[RE IC)
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Allegro X APD- Advanced Multi-Die/Chiplet Pack

17

NENEESEEE s EFSEEE

2D and 3D DRC checking

[ Wirebonded PBGA |

EEEER

High-capacity

Flip-Chip BGA |

Interconnect Bridges

Embedded or elevated

( )

aging

RDL Interposers

Ultra-high-density

All-angle/radial routing L HDI structures and muting) L silicon bridges HBM integration
Package-on-Package 1 ( Fan-in WLP (WLCSP) 1 [ Fan-Out WLP (FOWLP) )

FESEESEED reseEES

3D visualization and DRC

L Auto signal assignment

.
Virtuoso® integration
Parametrized structures

J

FENEESEEE rey SRS

~

) D e
Menrged IC and package layoy
GDSII output

FESEESEEE sassEEE

verification tools

Integration with physical
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Allegro X Al Advanced Substrate Router (ASR)

Automated routing solution for multi-chiplet

A\.,'
% Optimized for routing high-density ' L =\ * Die-to-Substrate
\\\/ single-chip and multi-chip designs —— Auto Routing
& 7\
é “., v S ‘_’/J‘l'f'-”' : _A = .;._‘"Zl.*-;“':;
> : ~ Auto routes die-to-die and e
fe) e die-t bstrat f Auto-Routing for RDL/Substrate
o e ie-to-substrate connections Layouts
-S < = - .
Multi-threaded engine enables ABt'ﬁ'g’;B;ien = i
significant performance boost : — o

®
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Advanced Substrate Router (ASR) [

For IC packaging A
Bottleneck for advanced package design is
ROUTING

Optimized for routing high-density die-to-die and die-
die-to-substrate connections, multicore performance
benefits BEREL IETOC A4 O0GARRAAADN 4~ B OREGEFOI

eeeeeee

9 die D2S/D2D design takes ~55 min (4 cores) S e

Supports diverse requirements :
Any angle routing, auto shielding, bus breakout i
routing :
High-density bump escape planning, differential
pair routing .
Fillet/teardrop insertion for yield improvement |

Featured at foundry conferences T T T T e

Endorsed by major foundries

Joint presentations with multiple semiconductor
companies (Value Examples)

®
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In-Design Analysis

®
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3D Allegro X Package-Level In-Design Analysis

Enables “shift-left” methodology by enabling issue Samulation Tabie

identification and fixes right in Allegro X PCB and APD -

Package layout, tightly integrated with Clarity™, S E

- 0 X
summary Table
Impedance[Chm] Impedance Length[%g] Trace Total
Max Min Typ Max Min Typ | Length | Delay(ns)
3330 [l 7250 [ 7630 o2 (581 (87.28 40593520 |0.640

Celsius™ and Sigrity™ X technologies, enabling S

8330 I 7450 [l 7630023 581 87.28 40569430 0.640

74.50 [l 7630 [ 0.08 |470 |86.02 | 4060.0050 |0.641
(7450 17630 [ 10.08 470 |
7450 [l 76.00 [l 061 |2.41 |82.90 | 20555000 0,735
7450 [l 7600l 0.51 441 8299 49561580 0.735

86.02 | 4060.0130

8410 [l 7250 [l 76.00 [l 285 885 |79.93 a957.93040 |0.783
= LI .

analysis directly from APD AT ——
Multi-threaded to accelerate ma EY o
Impedance o i

Coupling and crosstalk
IR drop and power inductance

74,50 . 2.6890

Trace Delay(ps)

0.40

Layer

451G
LAY4-51G2
LAY4-51G2
LAY4-51G2
LAY4-51G2
LAY4-51G2
TOP

TOP

Location (xy)
[31?9 0277 200. 3301] [3130 9289 198, 9259]

[wgoooo 157, oooc:] [34230000 1430000]
(292.0000 2.1422), (303.9847 -9.8425)
(292.0000 2.1422), (292.0000 21.6223)
[2788.7307 -172.2693), (2808.7307 -172.2693)
{3398.0000 157.0000), (3419.0000 157.0000)
(3228.8301 196.0000), (3246.9012 177.9289)
{3390.0000 130.0000), (3420.3150 130.0000)

H 12.7280 2.00
Reflection ! 76.30 Wi 270
Return path . . . U 7630 = 19.4300 3.0

H 76.30 20.0000 3.20
Topology extraction o Woone 320
74,50 W60 390
50,20 Wsosi50 450
Exploration: Implementation: Constraint Driven In Design Analysis
Derive Design Rules & Schematic Entry & Placement & Routing
Topologies 1 Constraint Assignment ]

21 © 2026 Cadence Design Systems, Inc. All rights reserved

Post Route Verification
and Compliance Signoff
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In-Design Analysis Success

edhnglogy; Inc Ehde, - VP of the R&D Design Center at Amkor
AmkorTedvmoIogy,Inc. invites you to #DesignCon2024 on January 30 — February 1 Implementing in-deSign anaIySiS reqUireS a mind Shift

at the Santa Clara Convention Center in Santa Clara, California. For more information

and to register, visit https://www.designcon.com/ DeSignerS do not inStinCtively want to perform analySiS

Amkor's Ruben Fuentes, VP of the R&D Design Center will join Brandon Lewis S I/PI exper‘ts do not instinctively Want to Share Si mu | ation

(moderator), Chander Ravva, Joe Socha and Tariq Abou-Jeyab as panelists on the

“Specialize or generalize SI/PI tasks? Is it practical to shift left SI/PI analysis?” panel reSponSIbI ||t| es
during the Modeling, Analysis & Optimization of Interconnects Track on Thursday,

February 1 from 400 - 5:15 PM PST. Because we have limited SI/PI experts, we must use shift-
To learn more about Amkor's IC design center, visit https://Inkd.in/eG2h7MX Ieft anaIyS|S |n the deS|gn CyCIe ﬂOW

#1Cdesign #semiconductor #semiconductors #semiconductorindustry Th e resu ItS :
#semiconductormanufacturing #electronicsdesign #pcbdesign #packagedesign )
#advancedpackaging

ﬂmkor

Technology®

Antiquated Design Process

bgﬁigueon‘i‘
2024

®
22 © 2026 Cadence Design Systems, Inc. All rights reserved C a d e n ( e




Addressing Design Size Challenges with HGI Packages

Customers cannot wait until the design is complete to simulate

Problem Customers cannot dedicate hours / days to translate their designs
into simulation tools

& Solution: Algorithmic Selective Cutting Shift Sl and PI analysis left by focusing on a piece of the design

Master Design Rapid Simulation Module  Encrypted spd,
attach Constraint o TM
Area Cut with marain i Sz Clarlty AUtomated
paramggass Channel Extraction,
Sweep DRC results evaluator H PC’ Optlma“ty
p Accept/Reject B XxsRr
H chan_ges_ : »
Apply optimized Y Re-verification analysis HBM3E
module to master
—_— _U_ — - - Analysis success u PCle
I Apply and replicate I B X
| optimized module I
| tomasteras | H Y
needed |
(instance 2-6) | u z

®
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Addressing Challenges of Advanced Package Design Flow

Translators and layout tools
cannot scale linearly to
address the growing scale of

engineering designs «  After translation, trace/bumps
become shapes. Disabling
parameterization and optimization.

* Hours spent on large complex
design translation from .gds to .spd

Need to provide design
teams the ability to distribute
the layout and analysis Innovus™/ Allegro®
efficiently within scalable X APD/Integrity ™
workflows 3D-IC

Parallelization,
integration, and TAT
are keys to success

o Need to better integrate the
layout of interposers, IC
packages, and PCBs within the ===
simulation and analysis domain
(multi-fabric analysis)

More extractions needed and
earlier in the design cycle

Floorplan / Design

24 © 2026 Cadence Design Systems, Inc. All rights reserved.

Redundant efforts of selecting
and cutting nets, generating

ports.

Manual topology setup and
connection in time-domain

Circuit Simulation

®/

el sl

Translation/Extraction Simulation
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Celsius Warpage Analysis

- stage1

Temperature

stage2 .- @-._staged

Warpage simulation for packaging process

Material and process
Thermal mismatch, temperature-dependent mechanical properties

(1) 2) 13)

Interconnection formation and mold encapsulation

Celsius™ Thermal Solver benefits

Look into warpage evolution for entire assembly process and figure out
what process stage is at critical path

Suitable as a signoff for package design

Provides insights for assembly process engineer on process control %

/__-' .

®
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Celsius Stress Analysis

Features in advanced package ‘

Silicon active area, ultra-thin die, TSV

Cu RDL, passivation, polyimide stress buffer j
Micron bumps, solder ball, solder cap, underfill, epoxy ' —
Global modeling

View overall deformation and stress field using simplified geometry,
layer, and material properties

Leads to location high-deformation gradient and potential high
stress spots, high-risk area for potential delamination, cracking,
interconnection damage, etc.

Generate quadratic elements with default
smooth transition, so user does not need to set
many parameters before it can generate
satisfactory meshes for analysis.

Celsius™ Thermal Solver has the following Experimental measured bi-axial stress
functions to assist in data analysis: (1) plot over (MPa), showing very high level of silicon
line (2) plot all tensor stress components (3) exists in semiconductor

plot other derived stress components in 3D

canvas

®
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Heterogeneous System Extractions
Multi-fabric analysis of interposers, IC packages, and PCBs

Interposer/PKG Design Cropping

* Group Relevant Nets and Areas for SI/P| Analysis C ro p p | n g

« Define cutting regions and margin
« Crop layout as desired with output .mcm, etc.

Translation of target analysis nets and area

« Translate already cropped GDS/MCM/SIP files Tra ) I_at | on

+ Model cleanup and translation for SIPI Analysis
» Vastly reduced translation runtime and allows for e sharing of IP blocks for SIP] analysis

Interposer/PK( automated channel extraction

» Batch mode extraction of nets AU tO m a ti O n

+ Define common ports, extraction setup
» Traceability: Consistent results and enables easy comparison to previous Tapeouts or design iterations

NS

Verification of System Performance w/ Spectre sge .
* Channel analysis with SystemSI Verlflcatl On

Optimization/Monte Carlo/Statistical Analysis: via translations, decap placement, routing, etc.

* Reduce to smaller .spd files for deeper analysis and to reduce runtime O ptl m |Zat| O n

_ . _ _ __ = Provide constraints and run in Optimality
_- + Pass back constraints to Layout Designers for review

®
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Signoff

®
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Advanced IC Package Signal Integrity Analysis and Signoff

orrelated Simulation Results for 1126

Silicon SystemSI™

Chip 1 _—
Chip 2 Sigrity

Build System-Level Simulations and Signoff
Model Extraction Using Clarity/Sigrity Technologies
Simultaneous Switching Noise Analysis
Power Noise Analysis

Model =
Si grity Extraction

PCB Sigrity

®
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Signal Integrity Signoff Flow for Heterogeneous Integration

Three platforms to cover full flow

Allegro® X Platform, Sigrity™ X Platform, and
Clarity™ 3D Solver

Exploration, in-design, and signoff

or

nnovus
GDS

Spec-driven compliance reports

Analysis are scalable with core count EIEE

S-parameters

IBIS-AMI RX

Package Substrate

®
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Case Study - Full 3D Extraction of Interposer with Clarity 3D Solver

8-layer silicon interposer fully degassed

43 ports - 2 Byte Lanes + CLK signals
Total Sim Time: 8 hours (256 Cores)
Full 3D extraction scalable by core

count
2um — Trace Width and Trace

Clarity Total time — Scalabity Profile

Interposer DESIgn s Amplitude (dE) AlB_bigger_cutspd s Amplitude (d8) AlIB_bigger_cut.spd
~#50M Unknows

16 32 64 128

5 10 5 10
Frequency [GHz) Frequency (GHz)

~@-Clarity Total Sim Time

Byte Lane + CLK - RL Byte Lane + CLK - IL

31 © 2026 Cadence Design Systems, Inc. All rights reserved



Sigrity X SystemSI| Simulation Results with Interposer Model

2D Curves = EyeDensity [¥] ChannelReport X

Public template for AIB topology

Supports SPICE or IBIS-AMI from T2B S

- L rimal i al
ata Paf = random
uftple Interconnect types S o
aracterization Data = CA\U h I INAIB\RAK_DB_SystemS|_AlB\result\1\Data_Write_Typ_Typ\DiePad\Char\Slave_datall.cur

Pre-layout, S-parameters, SPICE ckt, Clarity™
layout block

Parametric sweep and optimization available

Geometric and AMI parameters can be swept
Spec-driven Compliance Report — 6.4Gbps

e Nor ran
Channel Operating Margin (COM) = 33.44 dB

Master Ckt Slave Eye Density Signal to Noise Ratio (SNR) = 83.92

7 T - BER Measurements:
; ; Clarity
. . subckt . . Mem s e Width(U)
: IBIS -20 058
-19 0.59
U1 ur -18 0.60

T2B TX Clarity SnP T2B RX Ly
Model file Model

13 0.66
12 0.67
. -1 0.69
10 07
SystemSl 2 e
AIB Template v ¥ i
and UCle(TM * Simulation Properties:
C I. ( ) J\[\f\f‘ VRM at BGA Data Rate (Gbps) Log BERs TIgnore Time (ns) Minimum # of Bits Bit Sampling Rate Log BER Floor
omp.lance 3 16 -16 200 10000 64 -15
Kit VRM s

®
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Sigrity X SystemSI Eye Mask and VTF XTalk Simulation Results

VTF crosstalk

Eye Contour Mask

Easily check and verify eye contour with mask

VTF Crosstalk

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

(XTalk)

\
7

\\ﬁh. —

33
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Clarity 3D Solver

For 3D electromagnetic analysis of electronics

34

Higher performing electronics require fast and
accurate 3D electromagnetic (EM) simulation as
complexity increases
Speed/accuracy of EM for in-design analysis and
final system signoff
>10x speed up via fast and efficient
distributed solver and mesh algorithms
Near linear scaling delivers unmatched
capacity
Integrated workflows with schematic/layout
of Allegro® X PCB and APD platforms,
AWR® RF software and Virtuoso® Studio

POR at multiple NASDAQ 100 firms delivering
faster TAT on most challenging designs; >100
new logos in 2024

Used for IC, advanced IC packaging, PCB, and
more

© 2026 Cadence Design Systems, Inc. All rights reserved.

Simulation (Hrs) (Hrs)
Interposer 12 2.25
SiP Signal Chain 27 159
Serdes Package 225 2.25
HBM Wafer Level SiP 86.4 7.2

Legacy  Clarity

Speed Up
5.3X

17.0X

[40),4

12.2X
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Conclusion

Advanced packaging (high-density fan-out package structures) increases
design complexity with more high-speed signals, challenging traditional
workflows, and deadlines

Cadence’s new methodology enables early, iterative 1C package optimization,
eliminating delays and lengthy simulation setups

In-design and signoff analysis with scalable multiphysics engines helps
engineers speed up design cycles and manage complex redesigns efficiently

Design / Analysis Technology Application
Allegro® X APD IC package design (Now Auto Substrate Route Option)
Sigrity™ X Aurora IC Package Analysis IC package in-design analysis

Sigrity X XcitePI™, Clarity” 3D Solver ICP /silicon interposer interconnect model extraction

Sigrity X XtractIM™ and Clarity 3D Solver IC package interconnect model extraction

Sigrity X Advanced S, Sigrity X Advanced PI, and Celsius™ Studio Signal, power, and thermal integrity signoff

®
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