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Variation Impacts
Becoming critical at smaller process nodes

A Shrinking geometries drive increasing levels of
Integration with higher levels of variation risk

Process Node (nm) where Variation-Aware Design
Starts to become Important

Source: ndependent Survey

A 65% of engineers surveyed see variation as their top
priority in the next 2 years
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Many Types of Variation to Consider

Implementation

Parasitic Power
Dependent Dependent
Effects Effects Effects

Operational Fabrication

Environmental [ Standard Cell
\ Digital

Loading

Design Challenges

Less Over or under Increased
predictability design validation costs
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Variation-Aware Solutions
IN
TSMC Analog and Mixed Signal (AMS)
Reference Flow 2.0

Jason Chen
Oct, 2011

@ TSMC AMS Reference Flow 2.0 :
= Open Innovation Platform




Agenda

@ Design Challenges at Advanced Nodes

@ General Concepts for Open Innovati®atform™ (OIP) and
AMS Ref 2.0

@ Advanced Monte Carlo in TSMC AMS Ref 2.0

@ TsMcC AMS Reference Flow 2.0

=i — B — Open Innovation Platform ™



Design Challenges at Advanced Nodes — —*¢

@ The design variations are NOT only from devices/process
@ Not costeffective to over budget all variations in design
margins
@ Monte Carlo verification to manage risks in variations
» Tradeoff between runtime and accuracy
» Debugging capability
@ Physical Effects are more significant in advanced nodes
» Layout Dependent Effects (LDE), depends upon layout placement
e Interconnect RC, depends upon placement & routing

» EM/IR drop, depends upon power planning

@ TsMC AMS Reference Flow 2.0

- — — Open Innovation Platform ™



EDA/IP/Service
Partners

i R irement
Innovations equirements

Customer
Innovations

Product
Tape out

TSMC
Innovations

Earlier Technology Access via Earlier Ecosystem Readiness

@ TsMC AMS Reference Flow 2.0 (2011)
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Collaboration Optimizes ROl

a

Through Resource Sharing and Early Engagement

( ‘ Tools, IP

E ‘ Design Kit
E & Flow and Methodology
C -
- ‘ Services
-% Original ™
S Investmen

Actual

Investment

- .

@ TsMc AMS Reference Flow 2.0 (2011)
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'TSMC_AI\)IS Ref 2.0 General Concept

Realtime

Solver Enables designer to iterate
between design spec and layout
within mini-loop

Circuit Design Spec. Design
Constraints

Mini-Loop

" Pre-Layout
Traditional ——> Layout

: Posﬂ_ayout
Verification

TSMC PDK & models as foundation

@ TsmMmc AMS Reference Flow 2.0 /,—//

Open Innovation Platform ™



DesignSpec Driven Design Flow =

Variation
Analysis

Circuit Design Spec

Electrical Constraints
C Physical Constraints

1st Physical Layer . :
(Databasdevel) Design Constraints
(LDE, RC, EM/IR)

.

d
2" AP| Layer LDEAPI RCXAPI SIMAPI OptimizeAPI X
(Interface level)

3rd Application .Layer LDE Aware .
(EDA Tools Application) P

@® TsMmc AMS Reference Flow 2.0
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Advanced Monte Carlo Methodology

A Find statistical variation problems
AUnderstand root causes of problems
A Extract worst case statistical corners

A Variation-aware design sensitivity
A Opportunities for performance, power and area improvement
A Set target sigma

Almprove performance
A Reduce power and area

A Verify the design against target sigma

A Reduce variation effects J

@ TsMC AMS Reference Flow 2.0
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Applying Advanced Monte Carlo Methodolo
iIn TSMC AMS Ref 2.0 |

@ Analyzed low yield with only 46
Monte Carlo samples

@ Generate 3sigma corners and
locate design sensitivities

@ lterated executions to reduce
design sensitivities

® Verifiedyieldto3a A 3YIl 2y alf
t dzY Lda x 3w | 2 y-sigma dnh € =

a{ Syas !%wavaéycai
@ TSMC AMS Reference Flow 2.0 |
Open Innovation Platform ™
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I TSMC AMS Ref 2.0 Sample Results, after i 4

Applying Advanced Monte Carlo Methodology

Before Solido After Solido

Charge Pum Comments
9 P Advanced MC Advanced MC
Yield (Ipcnt_h, model set 3) 67.845% 99.73% 32% improvement
Yield (Ipcnt_I, model set 3) 81.368% 99.73% 18% improvement
Yield (Ipcnt_h, model set 5) 86.25% 99.73% 15% improvement
Yield (Ipcnt_I, model set 5) 81.368% 99.73% 18% improvement

3 sigma output (Ipcnt_h, model set 3)

s 13.85% 6.35%
Specification < 3% 54% tighter distribution
: More centered
3 sigma output (Ipcnt_I, model set 3) 5 5
Specification < 9% =i el
3 sigma output (Ipcnt_h, model set 5)
Specification < 9% -17.22% -6.789%
60% tighter distribution
3 sigma output (Ipcnt_I, model set 5) More centered
Specification < 9% -15.75% -6.257%

@ TsMmc AMS Reference Flow 2.0

Sutad —— : = - Open Innovation Platform ™
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@ The collaboration between '[SMC and Solido is one of the
5dz00Saa¥fdzZ SEFYLX Sa 2F ¢{al

@ TSMC Analog Mixe&ignal Reference Flow 2.0 provides an
alternative solution to the existing traditional design flow

@{2f AR2Qa azfdziazya 27F ISiBwal y
Monte Carlo show better yield and centering results with
less Monte Carlo samples

@ TSMC customers enjoy the benefits with minimized
challenges for their designs in advanced nodes

@ TsMC AMS Reference Flow 2.0 JEm— "
—— — ’ Open Innovation Platform
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Established in 2005, Solido is a recognized leader in
managing the impact of variations on design

Analyze  ~ Identify Fix l
Variation ; Electrical Specification o,
Impact Hotspots Failures I Ce™r - Stanc!ard-CeII

Process variation Find design sensitivities Improve design
Local & global random to variation performance, power, area

variation, process corners . . . N
P Identify cause of failures Maximize parametric yield

Environmental variation

Supplies, loads, temperature Find opportunities to Avoid project delays

improve th ign e
- - prove the desig Prevent catastrophic failure
Proximity variation

Well proximity effects

Solido solutions are used in production
for 130nm to 28nm nodes

DE IGN AUTOMATION
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PVT Monte Carlo High-Sigma Future Apps
Monte Carlo &

Run High Sigma | Customer Apps

Run PVH Monte Carlo
_ _

Run Fast PVH Run Monte Carlo + Run Monte Carlo +

Sbetaz
_

Run DesignSense Run DesignSense Run DesignSense
-~

Run Extracted Run Extracted Run Extracted
Corners Corners corners
_

-

Spectre/APS HSPICE ADE (5.1 & 6.1)

CustomSim AFS Netlist

FineSim Eldo
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PVT A 20x faster finding development corners

f

Run PVF A 8X faster for full corner verification
_
 RunFastPVE ) A Any failing corners are found even faster

, : A 30% reduction in design debug time
Run DesignSense
- A Manage a history of design changes

Run Extracted
Corners

)
Spectre/APS HSPICE TSMC ADE (5.1 & 6.1)

CustomSim AFS Netlist

FineSim Eldo
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A Advanced PVT overcomes key drawbacks of traditional
PVT analysis, providing:

I More coverage with fewer simulations

Awareness of environmental variable sensitivity
I Key design variable contributions to PVT variation
I 30% less time to debug and fix PVT problems

A Advanced PVT includes the following technologies:
I Design of Experiments: Orthogonal, Fractional, or Sweep
I Sensitivity analysis across worst-case corners
I Insights into optimal design changes
Full interactive control

solido

DESIGN AUTOMATION
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Impacts

Variable Area| Area

| 0.000{198.5f
cs_ Mo | 0.000 45.00f ] 133.5m
CS_MPD2__ w 0.000 54.75f J 8.719m
cs_m12_ | 0.000 200.0f : 3.921m

Run sensitivity across WCC

Run DesignSense - SENS-1

§ o1

Save Worst-Case
CO r n e r S (WC C) Snap curr. to best | Show in schemat
@en{ Initial Area|Area Margin| Margin| Iref | Iref
Ny candidate | candidate | dec. |inc. dec. |inc. |dec. |inc
CS Mi4_| 2000u 5000n  0.00012.00p 0.000 5.96%
0.0000.000 | 0.000 |0.000

cs_mUpdatEd 0.0003.970p wlnitial

Manage
design changes

cs_M19_|
I
2
1

Run Corners
Using DoE

Validate across
’ all Corners

cs M14_I

: °
Explore designs over WCC S Ildo

Copyright Solido Design Automation Inc. All rights reserved TGN AUTONATION
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A New PVT solution since AMS 2.0 release

A Corner extraction for design debug

I Automated DOE based solution to quickly find design specific
representative corners for development

I Very quickly explores across all corner combinations

A Design Verification
I Runs only the simulations needed to verify the design

I Fast verification with auto-stop
A Optional stopping criteria: Simulation limit, time limit, margin limit

A All methods take advantage of LSF and SGE

lido
Copyright Solido Design Automation Inc. All rights reserved S DEI
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Advanced PVT Sub-Flow
With Solido Variation Designer

Benefits to TSMC 28nm Reference Flow

Found failing corners

3x faster

Efficiently find worse -case corners for X

design debug

Suggested most probable design

changes

PVT Sensitivity

Design Sensitivity

Centered design and validated over

all corners

Improved design performance

Sol i @dvd@nsed PVT analysis brings corner
debug earlier in the design flow, reducing
late stage verification failures

TSMC 28nm PDK

Solido PVT+ Package

. Analyze
Run PVT+

v

Run DesignSense
-

4

Run Extracted

Corners
sssss——

v

Run PVT+

Variation Designer Platform
(Simulator independent)

l High Yield Designs l
solido

' Identify

Verify
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Monte Carlo : . :
A Quality-driven analysis

A 3X faster convergence to target yield with OSS

f

S T S 1 1 A Generate 3-sigma corners
_

A 30% reduction in design debug time

Run DesignSense

EE——— A Manage a history of design changes
Run Extracted

Corners

—
Spectre/APS HSPICE TSMC ADE (5.1 & 6.1)

CustomSim AFS Netlist

FineSim Eldo
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A Advanced Monte Carlo overcomes key drawbacks of
traditional Monte Carlo analysis, providing:

I Fewer simulations
I Accurate, defendable results
I Guidance to debug or fix variation problems

A Advanced Monte Carlo includes these technologies:
"~ Accuracy-aware Monte Carlo

Optimal Spread Sampling +LHS and regular MC
Statistical corner extraction

Statistical impact analysis
DesignSense variation-aware sensitivity analysis

Copyright Solido Design Automation Inc. All rights reserved DI SIGN AUTDMATIDN



High-Sigma
Monte Carlo

Run High Si | -
Monte Corbo A>1,000,000 times faste

A Runs Monte Carlo up to 5 billion samples

7

Run Monte Carlo +

( _ ) A Scalable up to 1000 variables
Run DesignSense
_‘, A Includes auto-stop and visual verification

7

A Spice accurate verification

Run Extracted
Corners

Spectre/APS HSPICE TSMC ADE (5.1 &6.1)

CustomSim AFS Netlist

solido
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A High Sigma Monte Carlo, addresses the requirement to be
Fast, Accurate, Scalable, and Verifiable:

I 6-sigma verification (5B samples) in several hours
A Reduced to minutes in next release
I Scales better than other High-Sigma solution to 100s of variables

I Visual verification of the complete flow

A Advanced Monte Carlo includes these technologies:

Intelligent algorithm to focus attention only on the tails of the
statistical distribution

Very efficient distributed simulation across LSF or SGE
QQ plot visualization of results
Multi-thread and multi-machine being added to core engine in

next release o
solido
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Advanced Monte Carlo Sub-Flow
With Solido Variation Designer

Benefits to TSMC 28nm Reference Flow

Validated low yield on Charge Pump

Auto -stops in 46
samples

Generated true 3 -sigma corners

X

Suggested most probable design
changes

X

Improved, and verified Charge Pump
yield

From 68% to 99%

TSMC 28nm PDK

Solido MC+ and HSMC+ Package

Analyze

Run High-Sigma
Run Monte Carlo+ l TS (STt l

v

Identify
Run DesignSense

Tightened Charge Pump variation

By 50%

Validated VCO to 4 -sigma

200x faster than
Monte Carlo

Validated Sense Amp to 5-sigma

50,000x faster
Monte Carlo

Validated bitcellto 6 -sigma

1,666,667x faster
than Monte
Carlo

Solido Variation Designer makes Monte Carlo
analysis viable in design analysis and verification

Fix

Run Extracted
Corners

Verify

l Run High-Sigma l
Run Monte Carlo+ Monte Carlo+

Variation Designer Platform
(Simulator independent)

l High Yield Designs l
solido
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Full video: http://mww.synopsys.com/Tools/Verification/AMSVerification/Pages/DAC2011-AMS-Video.aspx?cmp=VDAC2011AMS-AMS-HL

SRAM Bitcell High Sigma: Simulation Time Summary

Conventional Solido Solido Solido
Monte Carlo HSMC HSMC HSMC
Case 1 Case 2 Case 3

Samples 100k 1 Million 8 Million 1 Giga

Simulation Time 3.5 0.5 0.5 3
(hours)

Sigma Verification L) 4.1 4.6 5.9

ASolido HSMC + HSPICE provides significant improvements in
simulation time and required design coverage

U More than 10,000X improvement

LT

Mohamed Abu -Rahma
Memory Design Group, Qualcomm Incorporated

Copyright Solido Design Automation Inc. All rights reserved

Design goals
A 28nm LP process

A Verify write to 5.8
sigma

A Validate Vccmin
operation

Solution

A HSPICE

A Variation Designer
A 100 cpu LSF cluster

solido
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My company purchased Solido Variation Designer in July 2011 and have been .

using it on ocur 28 nm designs, with future plans to use it as we migrate DeS|gn goals
to 20 nm. We use Solido on our simulation farm of 100's of Synopsys HSPICE

licenses to do production designs like embedded memory, FF's, and PLLs. A 28nm process

The three Solido Variation Designer tools below help us identify if our
circuit passes or fails, finding the sensitive devices and suggesting fixes.

Verify memory to
6-sigma

Ting Ku Verify standard cells

Solido High-Sigma Monte Carlo+ and Monte Carlo+ enables us to do variation
analysis on a number of applications that wouldn't otherwise be feasible:

PLL verification pre
and post layout

1. Memory Designs .
Our first deployment was to apply Sclido's High-Sigma Monte Carlo to Power-anaIyS|S
our memory design like SRAM bit cell and sense amp design. High-

Sigma analysisz is reguired for chipz that are duplicated 100= and across 1OOOS Of

thousands of times. corners

A
_ A
NVIDIA Corporation to >4-sigma
A
A

Standard Cell Library Designs
Analyze set up and hold time for flip flops. We want to design the
flip flops to statistically guarantee set up and hold times. SS()letl()r]

. hnalog/mixed-signal /RF Designs
Analyze PLL's to 3-sigma and if circuit doesn't work identify A HSPICE
sensitive devices to tweak and verify fixes.

A Variation Designer

Porting architectures to different process nodes

. After we port a design, we need to do wvariation analysis to tune the A >200 Cpu LSF Cluster

design to accommodate the variation for the new process node.

Full article: http://www.deepchip.com/items/0492-10.html S Iido
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Full article: http://www.deepchip.com/items/0492-05.html

Corner analysis Design goals

1. Design over 45 corners (5 process x 3 voltage x 3 temperature) 65nm process

. We used Solido's PVT+ DoE to narrow the 45 corners to our 8 worst corners. _ _
Validate design across

. Solido's sensitivity analysis suggested fixes to adjust two transistor lengths. After 45 corners
making the changes, we re-ran the simulations across the 4 failing corners. The Validate designs to

designh now passed spec. )
J P P 3-sigma

2
3. Found and extracted 4 failing corners
4

. Weran a final check with Solido PVT+ across all 45 corners. It passed specs at all
the corner conditions. Reduce debug time

Statistical analysis Validate DAC non-

. |op-amp | DAC | EEESUASCELEI
variations

MC+ initial sims 40 n/a
(75x saving)

# of extracted corners 2 2 .

# of devices fixed 2 n/a S0 l ution

MC+ simsfor final 3-sigma verification 2 2 A Spectre/APS

2x saving Not possible A Virtuoso ADE
w/o Solido

Solido made measuring non-linearity at 3-sigma practical. A Variation Designer

Jun Chen

Huawei -HiSilicon S Iido
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Variation Analysisisa Collaborative HEfort

CUSTOMER

& I\/I solido
t:::. i Variation .

A Challenges Variation
PDKs /\ Designer

130nm-28nm + Apps

= cadence

A @ berkeleydesign”

EDA Partners
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