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Cadence Overview

Leading provider of Intelligent

System Design™ solutions
Software, hardware, and IP that turn
design concepts into reality
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Source: Cadence Earnings Press Release, April 22, 2024

Computational

software
for designing today’s
electronic systems

Q1 2024 revenue:

$1.009B

>11,200

employees worldwide

Culture of
Innovation

more than 20 significant
new products in last 3 years

26

global development
centers

Nasdag: CDNS; S&P 500 and Nasdaq 100 indexes

https://www.cadence.com/en_US/home/company/newsroom/press-releases/pr-ir/l2024/cadence-reports-first-quarter-2024-financial-results.html
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How Does 25Gbps Differ from 10Gbps?

Good Bad
Eye Eye
Opening Opening

Signal, Power, and Thermal Integrity become much more challenging at 25Gbps
Fast rise times and higher data rates = interconnects become transmission lines
Power Distribution Network (PDN) needs to support low voltage and high current

Increased power dissipation leads to higher junction temperatures, thermal hot
spots
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Where can Power, Thermal, and Sl Issues Exists in IC, Pkg, PCB?

IC Junction Temp

At high-speeds need to consider
routing at all levels: IC, PKG, PCB

Fast data rates means higher
power, increased current densities
and higher temperatures

Minimize loop inductance with
decoupling capacitors at the
package

Optimize signal routes, via
structures, return paths, PDN on
PCB
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Physical

|IC Power Optimization Has to Be Full Flow
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Thermal Basics — 3 Modes of Heat Transfer
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Package influences

‘Packaze materials

‘Paclkagze structure

‘Packaze dimensions
‘Heat spreader

Chip influences
‘Chip area
‘Heat gzeneration

(hot =pots)
‘Pawer conzumption

Operating erwironment
inf luences

‘Cooling condit ions
structure of mounting
printed wiring board
‘Mourt ing density
‘fmbient temperature

»» Radiation:

Heat transfer through the ermission of the
electromagnetic waves

» Convection:
Heat transfer from a solid to a fluid, and
a phenormenon in which heat rmoves
throughthe fluid

Conduction:
Heat transfer by which heat passes
through a material
The vibrations of the molecules in a lattice,
or the transportation by free electrons
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Thermal Basics — FEA vs. CFD

* FEA (Finite Element Analysis): in the
context of thermal, it is used to solve
conduction problems within solids in detall
with convection and radiation effect taken
Into account in a simplified manner with a
boundary condition of heat transfer
coefficient.

- FEA allows detailed and accurate conduction
analysis

- FEA simplifies convection and radiation with a
boundary condition with a heat transfer coefficient
(no actual simulation of a fluid)

Air at T=25°C h Conduction
t - Convection +
Radiation

 CFD (Computational Fluid Dynamics): in the
context of thermal, it is used to solve
conduction in a simplified manner (typically)
and convection and radiation in detail by actual
simulation of fluid flow (e.g.) fan blowing air
over a PCB)

- CFD allows conduction analysis with simplified
structures typically.

- CFD does the actual detailed simulation of convection
and radiation. There is no boundary condition of heat
transfer coefficient

Air at T=25°C - Conduction
t - Convection +
Radiation

PKG=1W
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What Power Distribution Network (PDN) Does Your Chip See?
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« “Clean” power comes into PCB

« Travels through multiple levels of
parasitics

* Non-ideal power delivered to chip
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How do you address this? Multiple levels to consider ...

System-Level Feasibility / Trade-Offs Explore
Interposer
Logic
Design
Interposer
Layout Layout Layout
Signoff Signoff Signoff
Verify

System-Level Verification
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IR Drop Analysis of Package / PCB

Resistance Measurements
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Resistance Analysis Setup -> Set up Eq. Resistance Network
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Thermal Model Extraction

E/T Co-Simulation

Multi-Board Analysis
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AC Analysis of Package / PCB

0] Show No Capackor N
P Performance vs. Minimum Caost
v Vahes to

[0 Dramw Placement on Layout View 100 f —x e amannnnn
-
50 1 TR
Scheme ID. Relative Cost. Relal | H * Y -t
Scheane 3 027975 70 H M Y
Scheme 10 -0.2598 6550 [ - + 3 S S X
Scheme 11 -0.25895 55.00 d - -
heme 12 -0.2581 S6.70 - - - - - ~
Scheme 13 -0.23815 s 03 -025 -02 015 -01 -0.05 0
Scheme 14 -0.2373 6.1 Relatve Cost
Scheme 15 ~0.23645 4344
Scheme 18 -0.2148 3.0 | Impedance (Ohm) Impedance vs. Frequency
Tewis  wims B4
Scheme 20 0.194 7.3 10
Dol wam aa U1
Scheme 26 -0.15762 18,04 H
Eoiaier N v Original Design 50% :
heme 26 -0.1507 = -
‘Scheme 23 -0.14985 10 H
Scheine 30 -0.13597 1081 € T
Scheme 31 -0.1299 10.24
Scheme 32 -0.12905 5.3 H
s iz Scheme45b (6 cents saving)
Scheme 34 -0.11432 417 4 i :
Scheme 35 -0.10825 392
Schame 36 -0.1074 1.0
Sews  aaes o
Scheme 38 -0.09267 -2.2(]
Scheme 39 -0.08575 6.1
Scheme 42 -0.0641 104
Schame 43 -0.06408 10.4
Temis  woeme  bd
frin SIEYTS; b 200 400 i 600 800 100

Pre- and Post-Layout Optimization
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System-Level Pl Analysis

« Put packages and PCB(s) all together for complete PDN
* Check frequency domain vs. target impedance
* Check time domain vs. ripple spec
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Cadence MSA Technology Enables High-Speed Operation

Power Integrity Signal Integrity Thermal Integrity
Operate at low supply voltages Optimized Signal/Return-path routing Guarantee Junction Temperatures
Eliminate high current density spots  Minimize reflections and crosstalk Eliminate thermal hot spots
Meet PDN AC impedance Validate System Compliance Optimize system cooling
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Staying Cool Summary

* Signal, Power, and Thermal Integrity become much
more challenging at high-speeds

- Fast data rates means higher power consumption,
increased current densities, and higher temperatures
must be considered in the design process

« High-speed signal routes, via structures, return paths
must be designed with transmission lines and
modeled with electromagnetic extractions

« The complexity of high-performance systems design
IS an iterative, resource intensive, and expensive
process that can benefit from Al driven analysis

« Cadence offers the complete solution of design
platforms, multi-physics analysis engines, and is now
bringing Al to bear on the system design problem

PERVASIVE
INTELLIGENCE

SYSTEM
INNOVATION

DESIGN
EXCELLENCE
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Cadence: HFT Accelerator Partner Contact us:

hft@cadence.com

Digital Design to
Implementation

Cadence |IP Solutions Cadence Verification Full Flow

Silicon-proven in advanced nodes
) =
A 3
DDR HBM SD, SDIO NAND 2 ‘
LPDDR GDDR6 eMMC ONFI, Toggle

High Level Synthesis
Physical RTL Synthesis

Rapid
integration
Monitors
Custom

Memory
Logic LDO, POR
PLLIOSC Changeable
DP Systems
eDP penpherals

Cadence extensive Design IP, Verification IP (VIP), Tensilica® IP,
memory models to ensure complex SoC designs correctly on first pass

optimized Palladium® Protium

USB

Vision, imaging

Liberate™

e ———— - e L O O O O
Place and optimized Embedded control EERCERN T 1 | [ ‘
Roue . | | |
] Integrahon Communications =
1

Fast Scalable
Audio, voice, speech Engines

Correct by

Tempus™
design

MIPI®

Customer-optimized

Heterogeneous
Compute

™
Voltus Arme/X86 CPU Arm/X86 CPU

| l

Pegasus™

Quantus™ Cloud Enabled

Cadence Multiphysics Simulation and Analysis Technology Thermal Analysis Solutions from Chip to Systems

Clarity™ 3D EM Solver Celsius™ Thermal/EC Solvers

FEM electromagnetic (EM) analysis = Electro-thermal co-simulation with FEA and CFD
3D extraction, modeling, and EM fields ' * Steady-state and transient E-T co-simulation
Up to 10X system 3D analysis performance Multiphysics * Up to 10X faster massively parallelized matrix solver
, Analysis and
Simulation

Virtuoso-IDA Thermal AWR-IDA Thermal

-Electrical Thermal Co-Simulation
-DC Power Integrity Solutions e s T I : '"; 2
Weo -PCB Component Floor planning . -Addition of airflow cooling to the
i i i -Addition of MCAD, fans, cold full rack dat ter is enh: d
Thermal Assessment in System ull rack data center Is enhancex
Celsius Engine Integrity 3D-IC Thermal Capture Y plate, and enclosure with CFD

under the hood

[ chip | Package/PCB Rack/Data center

Method-of-Moments EM analysis + Compliance kits validate chiplet-to-chiplet connectivity
Seamlessly integrated into Virtuoso + Coupled power and signal integrity analysis
Foundry gold-standard for EM modeling/extraction « Hybrid solver to model PCB, Pkg interconnect Celsius
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