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Computer Chips Are Powering Everything

Limitless Data Center and Generative Al Software-Defined Augmented and
Connectivity and Cloud Vehicles Virtual Reality
Mobile Devices
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The Future Is Bright for Semiconductors

TRANSISTOR COUNT SEMICONDUCTORS

$1 Trillion

53 Other
63 Wired Comms

Automotive

Consumer

Compute

WWHGIESS
Comms

0D
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SOURCE: WIKIPEDIA “TRANSISTOR COUNT” SOURCE: IBS MONTHLY REPORT AUGUST 2023
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Verification Strategy

Total Cost of Chip Project ($M)

Architecture
M Software

Verification

M |P Qualification
Physical
= Mask & Lab I
-

0
28nm 22nm 16nm 7nm 5nm 3nm 2nm

Pre-Silicon Software Validation

Dynamic Duo of Cadence Silicon and
FPGA-based hardware acceleration

Chip Verification

Lead in verification performance with the
fastest engines and an Al-driven full flow

>
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Cadence
Overview

Leading provider of Intelligent
System Design™ solutions
software, hardware, and IP that

turn design concepts into reality
software

for designing today’s
electronic systems >121OOO :
employees worldwide

Computational $1.215B

Q3 2024 revenue

Culture of 26

Innovation global development

more than 20 significant centons
new products in last 3 years

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

Source: Cadence Earnings Press Release, October 28, 2024 ) ) ) )
https://www.cadence.com/en_US/home/company/newsroom/press-releases/pr-ir/2024/cadence-reports-third-quarter-2024-financial-results.html
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Cadence Accelerated Design Solution

cadence.al

Al
Cadence® Cerebrus™ Virtuoso® Studio Verisium™ Optimality™ Allegro® X Al
anironmental
el Principled
i o Simulation +
Data Center' Molecular Optlm ization

Digital ~Verification 3D- Mattiphysics 3 3 )
g Pg Digital Twin Science

Accelerated
Cadence _ Cadence IP Com pute
Millennium™

Cadence Cadence
Palladium® gl Protium™
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Mixed-Signal Verification
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Mixed-Signal Simulation Essential to Today’'s SoCs

SoCs increase in analog blocks

- 5G LTE, AI/ML, loT, Haptics « More “connected” -> WiFi / Bluetooth / RF

a . “ ” . >
Analog/Digital interaction needs to be verified Everything "smarter” / Intelligent -> Sensors

. . . * Need all day / Power management -> PMICs
- Not testing interaction leads to failures

- Mixed-Signal bug finding accelerated by New Design Concepts to Reality!

regressions

IP (Blocks) <-> Chips (SoCs) <-> Systems

SoC / SPICE co-sim doesn’t scale

Heterogeneous systems

- SPICE fidelity / performance trade-off prevents (Digital, Analog content)
needed verification < Mixed Signal Verification >

- SV Real Number Modeling approaches accuracy at Digital Analog
digital simulation speeds (DV) & ya iDE0)
— Runtime improvement of 100x-1000x SV, UPF, UVM SPICE/Spectre
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Applications of Mixed-Signal Verification

Complex analog control with high-speed clocks

From Analog to Digital or Digital to Analog interaction
Large number of states required in digital for analog conversion

Non linearities in A to D conversion, over voltage, over current detection, PLL clock drifts, over
temperature conditions, ...

Power supply sequencing
Verifying transition of Power States
Is PLL lock tracked properly

Low power modes
Power supply loading, brown out when sequencing is incorrect, ...

cadence



Find Bugs Earlier in Verification

&Y Baseline v =0
FF| Cursor-Bazeline ¥ = 142ns

---"I:’g-p COUNTR:0)

(. RN

MName @~ Cursorga~- [0

1] Baseling =0
FF| Cursor-Baseline = = 142ns

MName

o[ VDD

Digital Simulation

Critical

VDD

Power

Supply

Clock
Generator

Digital
Logic

Mixed Signal Simulation

VDD

—lEH

Power
Supply

Clock
Generator

Critical
Digital
Logic

Actual voltage
RNM domain

The issue was found due to ramp-up of VDD Voltage in MS which Digital Simulations missed
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Mixed Signal Soc

Analog Blocks

Mixed Signal
Analog Blocks can be SR @ ) Converter Blocks
» Spice (Co-sim) / |

« SVRNM, VHDLRNM
+ Verilog-AMS, VHDL-AMS /
« C, SystemC
DUT |
Verilog
AMS 64 BIT RISC &
RROCESSOR / 4,

< Digital Blocks

Seamlessly user can
mix and match

different Analog model
abstractions (Spcie
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Cadence Tool Suite for Mixed Signal Verification
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Optimizing Throughput Across The Full Verification Flow

Cadence

I JedAl
and Debug Verisium Platform*

v O o0 OO IO

Verification IP — SystemVIP - Perspec

art Coverage Al-Driven Verification Platform

Rich Content
Portfolio a
Formal I Simulation Virtual Platform Emulation Prototyping

East Scalable
Engines

fleterogeneous
Compute

Cloud Enabled

* Cadence® Joint Enterprise Data and Al (JedAl) Platform
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Xcelium Mixed-Signal App

 The Xcelium™ Mixed-Signal App enables mixed-signal simulations for:
- DV Applications: Enables event based digital mixed-signal simulation with RNM

- AMS Applications: Integrated with Spectre™ AMS Designer to enable mixed signal
simulation for co-simulation or AMS Applications

RNM / DV Applications Co-sim / AMS Applications
Spectre ® AMS Designer
Xcelium
Simulator Spectre Connect Modules Xcelium

Platform Platform

Spectre X SPICE Mixed-Signal App
Spectre FX FastSPICE A/D Synchronization s
Logic Simulator

Simvision MS Debug

Mixed-Signal App

Virtuoso® ADE Product Suite

cadence



For High Performance, Seamless Mixed-Signal Verification

* Single mixed-signal elaboration and simulation solution for x°§i';;t’:|‘"
complex SoCs and multi-chip designs Vercator
atiorm

- Common MS simulator within domain-specific environments (DV, Analog)

- Seamless use model in both command-line/DV and Virtuoso/Analog Xcelium
environments for highly productivity hand-off between DV and Analog Mixed-Signal App

o S|m.u.lat|on plannlngw,I regression, and.traceablllty using _ Spectre o

Verisium Manager™ Metric-Driven Signoff Platform e AMS Designer o

. . .o Simulation Product Suite

« Use with Virtuoso ADE Assembler and Verifier for Platform

simulation management and distribution with an analog

point of view

cadence



Full Flow Verification with Xcelium Mixed-Signal App
2

ﬂ
- UVvM
) - Enable Metric Driven

Verification (MDV),
I - -
’QP&ES 6 Verisium Manager
@ SENSOR 6

(FA?ETTE“FQES) ’ Mixeld Slignal
Blocks
‘. 6 Use Verification Capabilities in MS

DUT Connect UVM objects to analog components
A Advanced MDV concepts with MS designs
I ‘, d (features also works with Spice)

Use System Verilog efficiencies to create
| Digital

v Blocks

O <
7,
&/
> &,
D
N
UPF 7

replicated instances with analog blocks
—— _
S — UVM Digital UVC
Y

L ) Use existing UVM test benches

N
UVM
Y
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Advanced MS SoC Verification Methodology
Metric Driven Verification (MDV) Flow

The vPlan provides a central
connection point for Reguirem

ents
and Verification Results \
vPlan

Requirements
Management
Systems

Jama Verification
Requirements

* Create an executable
verification plan
with Verisium

\ Manager

Jira

L[]

=
=
—
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BETH
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2

» Compare plan to Closed - Create verification
results Measure Loop Construct components

* Measure / Verification « Define coverage and
Analyze Coverage Process metrics for closure

* Verify design \ /

using Xcelium & Execute
Xcelium MSApp ina
verification env.

The MDV solution allows users to proactively manage
verification metrics, enabling users to close the

verification loop faster > :
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Real Number Modeling, (RNM) for Mixed-Signal Simulation

The designs have greatly increased in size and cannot be simulated in pure SPICE simulation

SV RNM executes analog 100x to 1000x faster in Xcelium running system-level tests
SV RNM also enable simulation with high accuracy

Models are easily ported between Virtuoso® and Xcelium environments

Analog Domain Mixed-Signal Verification Digital Domain

I Using RNM for Spice for speed
l & digital blocks for accuracy

UVM Testbench

Generate RNM

T Validate Models to
Circuit specs
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Xcelium: Leadership digital mixed-signal Performance

Multi-core
Technology

Save & Incremental

Restore Build

Real

Number
Modeling

Real Number Model
of an Analog block

®

MMﬂmﬂmﬂmm Elab 2 <-3D

=

Savel \ // >
W —> Restore Elab N

ﬁlll
o] o] [o] [p]

Init once across Rapid iteration 3-5X on randomized 3-5X on gate-

multiple tests using MSIE testsuites level DFT sims

UVM Testbench

Leading
performance /
EEnet Library
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Mixed Signal Verification Debugging.
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Analog and Mixed Signal Debugging Challenge

» Trace and Debug Analog Circuit /

especially text netlist based

Spectre/SPICE blocks
» Debug mixed signal boundary
 Unified Debugging Environment

~

1 IE

VDD_5V

VSS

LDO
MASTER

»  (SPICE)

2.54V

REFSYS
(RNM)

BANDGAP I  POR
(RNM)

(RNM)

ANALOG_TOP

PD_AON

Clock, POR Reset

y4
v

—

PCM

(Digital) .

OSCILLATOR
(Virtuoso MS
conifg)
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MS Verification debugging tools e

B e L

SimVision Mixed Signal Debug Option
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= Ml . . ] 7 STy
,

S - V34
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PRy

P Verisium Debug SoC User Apps
Integration and

Customization
Design Testbench Low-Power Mixed Signal Embedded SW

Debug Debug Debug Debug Debug

: Ver_:ismm " -3 JedAl [,
Al-Driven Verification Platform Platform*

‘wWawefarm
Explore

_.uoylhd

Cadence Traverse

Xcelium Palladium Protium Helium
Simulation Emulation Prototyping Virtual Platform

*“Cadence Joint Enterprise Data (JED) Al Platform
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SimVisionMS Debugging Flow

When you find an issue in your design -- debugging starts from where the issue is found

Analog Signal Interface Elements Digital Signal

Schematic Tracer Mixed Net

for Analog New! Browser New! Schematic Tracer

Driver/Receiver
Tracing

Browser Currents

Sidebar IE Profiling Table

Source Browser
for Analog

Source Browser

IE Source Debug

Waveform
Browser

cadence



Interactive Browse Currents Tab in Schematic Tracer

 Know the current flow value and direction

- Schematic Tracer 1 - SimVision - o x

File Edit Yiew Trace Format Cells Simulation Windows Help cadence

T T ETIEE Y T+ hEARBMOE 0¥
M, Timea +] - [17,000 ~llps~| @+ 48 =, || Search Times: Digital Valug~ - é%% éfgw & a

T ¢ Mg| H¥D 11,0000 +0

Met Mame: |simulatar:testbench.pll_topxis.nd - E]
Leaf 4 Local __2 ThnAET| PR L @]

Local Level of: testhench. pll top.x13.n3 1.66TeSe-05 ¥ [~
Terminals - Currents

e MG d_§iflowe ZB3Z87e-08 A | E
e mp0.0_$ow -2 52977605 A
mpS.g_$fow -1.30785e-11 A
o mptd_Sflow -1.30537e-11 &
e mnd d_gfloue -2755518-12 A
e NG g_$MoW -z129488-12 A

Browse Currents

Met Mame: |simulator:testbench.pll_top.xid.n3
Leaf 4 Local __"2 G B B -
Local Level of testbench. p11 top.xi3.n3d 1. 66T6Ee-05 ¥
Terminals - Currents
---------- mnd.d_§flow 2.63267e-08 A [
.......... mp10.d_$flow -2 6297 7e-08 A
.......... mpS.0_$flow -1.30783e-11 A r
.......... mp11.d_$ﬂnw -1.430537e-11 & sl ‘::
---------- ersmierze (N
.......... mns.q_$fow -212948e-12 & 1 object seected
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Mixed Signal Nets and IE/CMs Profiling in Mixed Net Browser

- Schematic Tracer 1 - SimVision

Eile Edit ¥iew Trace Format Cells Simulation ®indows Help

| Mixed Net Browser 1 - SimVision x

| Eile Edit Wiew Explore Simulation Windows Help cadence

Rl EEE ¥

' [ Times~| = [+00,000 8.8,
Instance Module | max_duration_aZd_x | num_azd_events |anum_dZa_events | time_last aZd_x | vin_exceeded_limit

@ iestwench m refclk__LZE_Z_ electrical LZE_2 -1 u] 162 -1
M lfestbenchvcse
testbench.ciookiB] clock[0]_LZE_Z_ ddiscrete_1_5 LEE_2 -1 1] 3 -1
tostbanch meti 36 reset_LZE_2_ electrical LZE_2 -1 1] 3 -1
testhench.pd weoclk_LEZE_Z_ ddiscrete_z2 LZE_2 -1 1] 2 -1
& testhench.refclk netd36__LZE_Z_ ddiscrete_g2 LEZE_Z -1 1] z -1
Bl csiveizahiesel veoclk__EZL_2_ ddiscrete_1_5 | E2L_2 -1 1 0 -1

po_EzL_Z_ ddiscrete_2 EZL_2 -1 1 i} -1

Filter: =l
I@ %E 0 ohjects selected
B [11, 000p=
} Cptions
Click and add to schematic area
(€] %G 1 object selected
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OOMR Browser GUI

, New icon is added
OOMR Browser 1 - SimVision

Eile Edit Miew Egzplore Simulation Windows Help

= Each OOMR is listed JE¥ZEA G
I@Fx Timed=| = |10 jwmvl E J Search Times:

Tree Type Source Scope QOMR | Resolution Yalue
—_——— port connection| Target worklib(wams)B5:30|top.anal Tl 51.51 | top.anal.s1.61 0.000308931
. ' Scape: | @ el Available Data access function| Target worklin(vams):52:19/ton.anal 71| 51.51/tan.anal.S1.s1 0.000308951
OOM R N tree view E“‘E‘E simulatar system function| Target worklib(vams):54:11 ETN
E-fE top(1) Send OOMR to Source Browser
gt 53
Eﬂ anal(d) Send resolution to Waveform Window
ﬂ =1 Send resolution to Watch Window
ﬂ sz send resolution to Source Browser
,ﬁ T1(3) Send resolution to Schematic Tracer

- manitor]
----ﬁ Library Cells
-k anazid)
-] Library Cells

RMB Menu to send

to other browsers

Fine:|String |

1 ohject selected‘
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Cadence Mixed Signal Verification Innovations
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RNM Leveraged from Simulation to Emulation

v" Ability to emulate Real Number Models — Palladium Z3

» Verify analog behavior in larger Mixed Signal SoC RELEER %
» Runtime Speed Up — 1000x and within 0.1% accuracy

compared to simulation (XLM or Spectre)
» Robust System Verilog Language Support for Real
Number Modeling RNM
» Wreal, Real, System Verilog UDN (ex — EEnet)
» Allows Mixed Signal SoC verification of
» Analog Trim
» Analog Start Up
» DSP <-> Analog interaction behavior modeling

» PMC Control with RNM based Power Supply Models l
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Jasper Connectivity Flow

Reqular Connectivity

-8 -
2 3
RTL Design |
. =
[ j > :-: ficat Formal Proofs ==
[ Connectivity Verification Counter-examples ==
Jasper® w/Visualize™
&IP-XACT:O

DMS Connectivity Enhancements

- Extend the support for Verilog AMS and SV-RNM files
« DMS types supported

- real (SV wvar) , wreal (VAMS net)

« Connectivity between scalar types real and logic can be proven
Real types are converted to a single bit logic type to enable connectivity checks

- Complex type EEnet connectivity still requires the path to be all EEnet throughout the path

cadence
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Xcelium Mixed-Sighal Success Stories

© 2025 Cadence Design Systems, Inc. All rights reserved.
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Renesas: SVRNM / High-Performance DV MS Verification

Simulation results
Winner for digital heavy

* Complete comparison for 4 models. (rating: high, medium, low) simulation

_ AMS model Open-loop RNM Closed-loop RNM Closed-loop RNM with EENet

AMS driver Digital driver Digital driver Digital driver
Development difficulty Difficult (deal with convergence Easy Difficult (deal with mathematical Medium
issue and slow sim optimization) equation)
Change to schematic No change Yes, combine all blocks into one Yes, combine charge pump, loop  No change
model file filter.
Highest Lowest High High
Sim time in individual 14 min (can be reduced basedon  ~1 second ~1 second ~1 second
testbench optimization)
Sim time in a top-level Not tested 16 min 10 s 22 min 18s 21 min 35s

verification test: data path

Note: Won the 2" best paper award in DVCon 2023

'

cadence
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2025 Cadence Mixed Signal Verification Vision
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Mixed-Signal Verification Vision: 2025 and beyond

Accelerate verification productivity — across Mixed-Signal Simulation, Emulation and Debug

Accelerate Mixed-Signal Verification Productivity Xcelium Mixed-Signal App

- Build Performance (MSIE, Seamless
DMS)

- Runtime Profiling of SVRNM resolution

P
<

: i Xc‘ellum - Native RNM/wreal Tran Engine
Palladium Xcelium + Mixed-Signal App + -
, , - Verisium-Debug + DMS Enhancements
+ Mixed-Signal App Spectre
RNM App (RNM) AMS Designer « EEnet Model Library
(AMS) - Rapid analog model development

— (RNM simulation, emulation flow*)

- Command line, Virtuoso support
Verisium-Debug(including RNM)
(RNM Consumers)

Accelerate RNM via Palladium

MS Debug (Producers, Consumers)

SimVision-MS (RNM, AMS) Model Validation (Stealth mode)
(RNM Producers) - Simcompare for RNM, AMS regressions

cadence
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Summary
For High Performance, High Quality, Seamless Mixed-Signal Verification

* Single mixed-signhal elaboration and simulation solution for
complex SoCs and multi-chip designs

Xcelium™

- Common MS simulator within domain-specific environments (DV, Analog) Digital
Verification

- Seamless use model in both command-line/DV and Virtuoso/Analog Platform

environments for highly productivity hand-off between DV and Analog
Xcelium
Mixed-Signal App
« Simulation planning, regression, and traceability using +
Verisium Manager™ Metric-Driven Signoff Platform Spem,\ Spectre S
Circuit AMS Designer ADE
Simulation Product Suite

Platform
« Use with Virtuoso ADE Assembler and Verifier for
simulation management and distribution with an analog

point of view
cadence’
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