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Are you using an accelerated SPICE simulator?
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Why Use a Fast Spice Simulator?

* Historical reasons.»

— Capacity limitations of SPICE (pre/post layout)

— Reduction in simulation time
+ Mixed signal simulation

— Digital designs w/ some analog

— Analog designs w/ some digital

— Accuracy of A/D, DfA interfaces

— Missing behavioral models (VerilogAMS)
* Rapid prototypinge”

— Accuracy is close, but not perfect,

— But neither are the device models
— Shorten design cycle Qy
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Why Use a Fast Spice Simulator?
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Where Does Fast Spice Fit?

+ Large digital
— Verilog /f ¥YHDL is not accurate enough.
» Memories
— Too large to simulate in SPICE
+ Mixed signal (PLL’s, ADC’s, DAC’s)
— Too slow in SPICE due to digital portion
+ System on Chip (SoC)

— No other way without behavior models

4 CADEMCECOMFIDENTLAL cadence .

Where Does Fast Spice Fit?
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Mixed Signal SoC Verification

* Predominantly digital

Embedded + Digital simulation
processor + Some A /MS blocks
+ Analog simulation of individual
Memory blocks

+ Full chip simulation is difficult, but
necessary

Logic &

Memory Functions

§ CADEMCECOMFIDEMTIAL cadence I
Mixed Signal SoC Verification
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UltraSim: The Full Chip Simulation Solution

Hierarchical fuli-chip transistor-level simulator
+ Memory, digital & mixed-signal applications
— Single pass power, timing, noise & reliability
Ultra-high capacity
— 10M+ transistor flat
— 1B+t transistor hierarchical

— ldeally suited for SoC’s and memories

Ultra-accurate

— SPICE-like (within 1-3%) — timing, pwr, volt.
Ultra-high performance (vs SPICE)

— 10x to 1,000x faster for flat netlists

— 1.,000x or more for hierarchical netlists
+ Integrations with AMS Designer and ADE

§ CADENCECOMFIDENTIAL cadence

UltraSim: The Full Chip Simulation Solution
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Complete Set of Analyses

+ Reliability analysis
— Only fast simulator that supports (HCI,NBTI)
— Critical at 130nm and below

+ Timing analysis

* Noise analysis including cross coupling
— QOvershoot & undershoot (Both C and L)

* Power analysis

— Element & subcircuit level power
— IR drop (integration w/ Yoltage Storm)

T CADEMCECOMFIDEMTIAL cadence .

Complete Set of Analyses
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Analog Integrated Circuit (IC) Design Solution

The World’s Most Widely Used Solution
RC Extractioch N

|

AMS Designer Virtuoso Schematic
Composer

Cadence Process Design Kit

Probing

_ Simulation Results
UltraSim
]

Analog Design Environment

Spectre

Verilog-A

Corner/Statistic
Models

% CADEMCECOMFIDEMTIAL cadence .
Slide 8

Page: 9




UltraSimWebseminarJune03

UltraSim inside
Analog Design Environment (ADE)

-~ Cadence® Analog Design Environment (2)
Status: Ready
Session Setup Analyses WVarables Outputs Simulation Res

T=25

[=![0][x]

oK | cancel| Deraults| Apply

Design Analyses
Library AndcebLib |* Type Arguments. ... ...
Cell  testl 1 tean 120w |
View  schematic
Design Varahles Outputs
# Hame Value |# Name /Signal /Expr Value

> Results in ome/andreb/simulationtest] /UraSimischematic

.
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Analysis # tran

Transient Analysis

-+ Choosing Analyses -- Cadenced Analog Design Environ [B|[=1E3)

=

Stop Time |12[h.1

Save Operating Point =
Advanced Analyses |
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UltraSim inside Analog Design Environment (ADE)
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UltraSim in the Custom IC Flow

UltraSim YA
Prelayout
Layoutv/} Simulation
Extraction =

Post-layout
Netlist

cadence]|

UltraSim
Postlayout
Simulation

Analysis Repoyg: Waveform VieyZer
Timing, Leakage & Analyzer
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UltraSim in the Custom IC Flow
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Reliability: A Growing Concern

+ HCI and NBTI severely impact design
— Wasted performance with excessive guard bands

— Yield reduction due to immediate failures

* Must be addressed with design solutions”

* The only reliability commercial solutions <~
— Cadence offers complete suite of services & toolsf
— Device, interconnect, sub-circuit, block to fulI-chiqu

— Experienced team with over 8 years of proven reliability solutions&

11 CADENCECOMFDENTLAL cadence .

Reliability: A Growing Concern
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Hot Carrier Effects

« E, .. at drain corner causes hot carrier generation

» Hot carriers cause I_, ., | ... and oxide damages

sub? "gate
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Hot Carrier Effects
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Hot Carrier Effects

« Current driving capability degradation

— Causes longer time delay

— “Degraded” also sometimes called "aged”
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Hot Carrier Effects

cadence|

Page: 14




UltraSimWebseminarJune03

0.13um CMOS Crisis = NBTI

+ “Reliability problems scale up as CMOS scales down”

— By David Lammers, EE Times
— April 12, 2002 {on-line at EETimes com)
— April 14, 2002 (EETimes print edition cover story)

+ NBTI = Negative Bias Temperature / g G D \
Instability L
— Degrades performance & yield of PMOS ‘ ST ‘
devices 7 P J 46 ¢ \ PT

— Critical @ tox < 50 angstroms&
— Results in immediate failuresﬁy

— Reduces performance o N-sub

\ [ vad J
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0.13?m CMOS Crisis = NBTI

Page: 15




UltraSimWebseminarJune03

Degraded Vt
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Degraded Vt
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HCI & NBTI Effects in Circuit Operation

/ CMOS Inverter \
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HCI & NBTI Effects in Circuit Operation
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Reliability Modeling Flow

UltraSim |
Fresh
.:> Models
W —

RelXpert
Degraded =¥

Models

4

Device Life
Time Circuit
Speed
Degradation
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Reliability Modeling Flow
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UltraSim Model/C Interfaces
4

C Model

3 CADEMCECONFDEMTIAL cadence

UltraSim Model/C Interfaces
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UltraSim Roadmap

Q1 03 Q2 03 Q3 03 Q4 03 1H 04

A Standalone Release 4.4
A Artist Felease 44 6 (SUHIHM
A Felease all 5032 Integrations
A Release Reliability Sim in Artist
A Spectre Netlist Suppurv
A Spectre Models Suppnrt&
A Extraction Independent Resim Flow

A Add Encryption Capakbility
A Composer Release 4 46
A verilogh Support

A AMS Integ. Phase V
A ANG Integ. Phase|z”
T Save/Restore

18 CADENCECOMFDENTLAL cadence I
UltraSim Roadmap
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UltraSim Case Studies

+ Mixed Signal Simulation
- PLL
— Multiplier
— ADC /DAC
- Voltage Regulator
+ Digital Simulation
— Memory
— Clock Mesh

20 CADENCECOMFDENTIAL cadence .

UltraSim Case Studies
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UltraSim Simulation Modes

Simulation of {default) da =digital ms =mixed a <analog § <spice Option
Mode =digital fast mode> [accurate mode> |signal mode> |mode:> mode:>
MOSFET Digital Model Analog Model SPICE
Current fF Charge
Model df da a g mos_methode
Diff. Junct. df da a - mosd_methode
DIoDE df da a g diode_methode
BJT 5
Accuracy 1 2 3N 2 3 |1 2 I 2 I N 2 acc
E?ﬂ??”tﬁccuracy 1(0.01) 2 (0.001) 2 (0.001) 200001 |2¢0001)  |ace dob
acc=1 -= Relative Tolerance tal=0.01, acc=2 -= tol=0.001, acc=3 -= tol=0.0001 Qy
Metlist Hierarchy | Autodetect (1) Flat (0} hier
Fartitioning Digital V Analog Qy one %‘
Target Error =10% Qy = 5% Qy =1% =1% = 1%
Application Functional Tiring Werification | PLL's, AMS DAC, ADC,
Yerification of of Digital Circuits | Desions, DD, Yalt.
Digital Circuits f and Memaries, special Refs.
Mermaories some PLL's, some Generators

AME Deaigns&

h Qe/r/p.priea

21 CADENCECONFDENTIAL

UltraSim Simulation Modes Overview
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UltraSim Post-Layout Options

0 (defauite?

postl 1 2 3 4

RC reduction no YES YES YES YES
rcr_fmax {GHz) 1.0 1.0 1.0 1.0 1.0
rshort {Q}Qy 1.0E-6 1.0E-3 0.1 1 100
rvshort {() Qf 1.0E-6 1.0E-3 0.1 1 100
cgnd {F) Qf 1.0E-20 1.0E-16 1.0E-16 1.0E-15 1.0E-14
cgndr qf 0 0.01 0.1 0.1 0.3

21 CADENCECONFDENTIAL

UltraSim Post-Layout Options
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UltraSim: 3'9 Generation Technology

+ 256K-bit DRAM * UltraSim performance metric
— 308,408 mosfets — Fast simulation benchmark
~ CPU =575se¢ * Machine:
+ 16M-bit DRAM — Solaris2.6, 400MHz CPU
— 19,738,112 mosfets * Number of vectors:
— CPU = 607secyy — 4 write cycles, 4 read cycles
* 1G-hit DRAM

- 1,263,239,168 mosfets
- CPU= Tﬁasech

27 CADENCECOMFDENTIAL cadence .

UltraSim: 3rd Generation Technology
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1Gb DRAM Simulation Waveform
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1Gb DRAM Simulation Waveform
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UltraSim: Ultra-fast and Ultra-accurate

« Retains precision even in “fast” mode

Hau | Brtalnsel el t16. tel
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Other simulators ¢
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UltraSim: Ultra-fast and Ultra-accurate
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PLL Simulation Waveform - Full View
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PLL Simulation Waveform - Full View
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PLL Simulation Waveform —

Detailed Vlew |
[=] | . |

File Signal View Waveform Ana]ng Tools ‘Window Harp _
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PLL Simulation Waveform ? Detailed View
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UltraSim: Accuracy Is Key
« Spice & UltraSim overlaid for a 16bit Multiplier

s YV S
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UltraSim: Accuracy Is Key
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Mixed-Signal — Voltage Regulator

+ Startup Sequence for Analog Portion

28 CADENCECOMFDENTIAL cadence I
Mixed-Signal ? Voltage Regulator
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Analysis of Clock Mesh

+ Coupling induced noise

— Capacitive and inductive effects

30 CADENCECOMFDENTIAL cadence I
Analysis of Clock Mesh
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UltraSim Speed Vs. SPICE

100000

10000

1000 -

100

10 -

1_
PLL 16-bit 32-bit 16K ROM 16K
Multiplier Multiplier SRAM
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UltraSim Speed Vs. SPICE
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Success Stories - Details

Categony o Type # Deuces TRAM Time |Memory Usage [CPU Time
Memories oo Bhd SRAM A 25 8M 400Nz 110 s
> SRAM W 500 442 1357=
S RAM (postla yout ] 1.0, 1T.1M C 1Ins A00M A00=
SREM . K] GENE B2 Oh
ORAM o Tk 350Nz 3350 Adhiz
TEGM DR ZEIM 350N ] 160z
2560 DR 536 M 500n= Bz0M Zh 46min
o |Flash Memory 28k 2.2us 10304 19 min
Digital Circuitzw%"  [Digital Design 5 174k Gms= 21304 Th 35min
hd oystich v 15k I7.5m Z0M 3.57h
AL a5k, 6.8k C Tms= 1.2h
CLKE Tree -~ 15k, 87k C, 71k R 20n 140G Z5min
clock mash ¢ 226k, B2k o, G2k r, GOk | S0n 138 MB 40min
Switch -Capacitgr Circuit [371 im= 19.7hd 22min
hix ed- Signal Cirgyits |PLL 3.1k Sus 14.70 44min
o |lined Signal™ HE 30us 4.l 142s
h tlied- Signal Trans ceiver |25k 200us 1370 Th
BICMOS Mixed-Signal |8k 10.1u= Ahl T4 min
~ housze Contmller 7451 [49K, 57k R, 38k C S0mz 127 h
i Fire Wire g E00k, 20k Diodes, 2k C, Gk A 1200 700N & days
§ o~ |RFID > 42k, 20k Diodes 100us 7ind 2.5h
Analog Circuits¢~%" [Sigma Delta Comeqer  [357 ams b 2.3%h
§ Bandgap [ 112 Smsz 7.5 4z
Optmp &7 i 100uz i 5 4z
Bandgap 1149 3 ZhiB k5
Bandpasz s 1073 im= 27 .Ghd A0min
Booster a54 ims 3.2 20=
OC-0C Corwegger 602 2.5ms 38 22min
ADC o 1.6k f.5us b 23min
A > 5704 Bl fuz GO 42 min

CADENCECONFDENTIAL

Success Stories - Details
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Additional UltraSim Details

Supports industry standard models (partial list)
- EMSVS, GP, VBIC95
— BSIMPD, RZM4, Mex¥am, HICUM
+ Other supported models
— Only fast simulator to support our High Voltage MOS model (HVMOSW
+ Built-in hierarchical RC reduction feature
— Proven accuracy Qf
. Cadence waveform viewer and hierarchical browser <

+ SPICE, RelXpert, DSPF, SPEF, VCD & Vector Formats &

32 CADENCECOMFDENTIAL cadence

Additional UltraSim Details

Page: 34




UltraSimWebseminarJune03

UltraSim Availability

+ Supported platforms
— SUN Solaris 6.0 or higher (32 or 64 bit)
— HP-UX 11.0 or higher (32 or 64 bit)
— Linux—Red Hat 7.2
« Availability
— Last production release— April, 2003
— Next production release— June 2003&

34 CADENCECOMFDENTIAL cadence .

UltraSim Availability
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What Is the Value of UltraSim?

* Ensuring timing closure
* Prediction of timing error due to interconnect
+ Verification of S0C’s

— Simulation capacity for large SoC's

— Mixed level/mixed signal verification w/ NCsim
— Unfinished blocks (C macromodel)

* Mixing digital design with analog intellectual property (IP)
— Digital functional verification of mixed signal

* Rapid prototyping (speed vs. accuracy)

* Improved yield
— Reducing margin stealing guardbanding
— Avoiding reliability introduced failures

35 CADENCECOMFDENTIAL cadence

What Is the Value of UltraSim?
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Why UltraSim?

+ Best capacity, accuracy and performance
— 3rd generation capacity qf
— SPICE-like accuracy
— Orders of magnitude speed improvement
* Wide range of applications
— Flat or hierarchical
— Large digital, memory, SoC, mixed signal....
— Pre & post RC extraction with reduction
* The Silicon Accurate Sign-off™ Solution
— Ensure timing, noise, power & reliability closure
* Performance & time to market

38 CADENCECOMFDENTIAL cadence

Why UltraSim?
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[ Web Slide A ]
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