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Introduction

This tutorial will cover "the latest word" in physicall chip
implementation methodology and physical design (PD) algorithm
technology.

The target audience consists of

o system and circuit designers whowould benefit:from
understanding teol capabilities in this arena,

os CAD engineers;(both R&Dand support);

s design preject: managers,;

s dcademic researchers;
EamiliantywithibasicPDimetiedelegy/isiassumed!

~—\ Andrew B. Kahng
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Trade-Off: Depth vs. Breadth

Broad spectrum of possible material
Only ~6-7 hours for; presentation

Not all pessible topics covered in slides, not all slides covered
in talks

o ask questionsifiyould like to hear about somethingin particular,
esp. related toymethodology; or particular P&Ritechnigues

Allituterialimaterals will e available i seftcopy, at

o hitpi//visicadics:ucla.edu/ICCARGTUNORIAL
o http//wwwieceinwuiedu/nucad/ICCARIGTUNORIAL

ICCAD Tutorial: November 11, 1999 ) Ma arraf zadeh

Overview of the Tutorial

Technology and Methodology Context Setting
(9:00 - 10:00)
Fundamental Physical Design  Foermulation and
Algorithms (10:00)- 12:00)
s, Cofiee Break(10:30)- 10:45)
o LLUNMGH (12:00-1:00)

Interaction with Upstream) Eloorplanning and
[LOgIC SYNtAESIS (1:60- 2:00)
Interactionwith extraction; analysis, and

PErienmance validation (2:006- 8:20)
L Cojjas Brazic (3:50 - 3::45)

[Ekageto CUstom Eayo Ul (E46E 4:45)
(43451=5100)

=\ Andrew B. Kahng
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Outline

Technology trends

Post-layout optimization methodologies
o manufacturability and reliability,
e perfermance

Custom or. custom-on-the-fly methodoelogies
Elavars of classic planning-hased methodolegies
Implications for P&R

~—\ Andrew B. Kahng
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Overall Roadmap Technology
Characteristics

YEAR OF FIRST PRODUCT SHIPMENT
TECHNOLOGY NODE

DENSE LINES (DRAM HALF-PITCH) (nm)
ISOLATED LINES (MPU GATES) (nm)
Logic (Low-Volume—ASIC)f

Usable transistors/cm2 (auto layout)
Nonrecurring engineering cost

/usable transistor (microcents)

Number of Chip I/0Os — Maximum
Chip-to-package (pads)
(high-performance)

Chip-to-package (pads)
(cost-performance)

Number of Package Pins/Balls — Maximum
Microprocessor/controller
(cost-performance)

ASIC

(high-performance)

Package cost (cents/pin)
(cost-performance)

Power Supply Voltage (V)

Minimum logic Vdd (V) [ 18-25 [ 1.5-1.8 [ 1.2-1.5 [ 0.9-1.2 | 0.6-0.9 [ 0.5-0.6 [0.37-0.42
Maximum Power

High-performance with heat sink (W) [ 70 [ 90 [ 130 [ 160 [ 170 [ 175 [ 183
Battery (W)—(Hand-held)

568 700 957 1309 1791 2449 3350

1136 1400 1915 2619 3581 4898 6700

0.78-2.71]0.70-2.52 [ 0.60-2.16 | 0.51-1.85( 0.44-1.59 ( 0.38-1.36 | 0.33-1.17

Andrew B. Kahng
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Overall Roadmap Technology
Characteristics (Cont’'d)

YEAR OF FIRST PRODUCT SHIPMENT
TECHNOLOGY NODE

DENSE LINES (DRAM HALF-PITCH) (nm)
Chip Frequency (MHz)

On-chip local clock

(high-performance)

On-chip, across-chip clock
(high-performance)

On-chip, across-chip clock
(high-performance ASIC)

On-chip, across-chip clock
(cost-performance)

Chip-to-board (off-chip) speed
(high-performance, reduced-width,
multiplexed bus)

Chip-to-board (off-chip) speed
(high-performance, peripheral buses)
Chip Size (mm2) (@sample/introduction)
DRAM

Microprocessor

ASIC [max litho field area]

Lithographic Field Size (mm2)

Maximum Number Wiring Levels

Andrew B. Kahng
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Technology Scaling Trends

e Interconnect
o Impact of scaling on parasitic capacitance
¢ Impact of scaling on inductance coupling
o Impact of new materials on parasitic capacitance & resistance
o Trendsiin number; of layers, routing pitch

e [Device
o Vaa; Vi, SiZing

o Circuit:trends (multithreshoeld/EMOS; multiple:supply Veliages;
dynamic,CEMEOS)

s Impactefiscaling enpewerand reliability

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 \~/ Mgjid Sarrafzadeh

Technology Scaling Trends

(L1 0gem CRAOS, Proceas Schamatic

Reachability in t... = 80 ps

crit.

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 Majid Sarrafzadeh
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Technology Scaling Trends

Scaling of x0.7 every three years

e .25U .18u  .13u; .10u; .Q7u  .05u

e 1997 1999, 2002 2005 2008 2011

e 5LLM 6LM  7LMI  7LMI  8LMI  9LM

Interconnect delay dominates system perfermance

s consumes;70%, oficlock cycle

Cress coupling capacitance is;deminating

) Grass capacitance — 100%; greund capacitance; - 0%

s 90%0in 18U

o hugesignallintegrityimplicationsi(e:gr, guardbandsiin static
afalysis appreaches)

MUltiplelclockiCYCIESTrEqUITEd o) CIOSS: Gl

s WhELheRSlerlSnolasimporiantasiiactoftmultip/e=!

=\ Andrew B. Kahng
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Technology Extrapolation Sensitivity

% OCCUrANCE

Clock frequency [(GHz)

=\ Andrew B. Kahng
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Technology Extrapolation Sensitivity

Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 Majid Sarrafzadeh
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Deep-Submicron Interconnect
Complexity

Estimated Number of Nets At-Risk

Risk Factors:

Inter connect Delay
Signal I ntegrity
Electromigration
Process Variations

At-Risk Nets (millions)

o o

. Technol og§/ ()

Andrew B. Kahng
Courtesy Hormoz/Muddu, ASIC99 ICCAD Tutorial: November 11, 1999 @ Majid Sarrafzadeh



Scaling of Noise with Process

o Cross coupling noise increases with

e pracess shrink

o frequency of operation
o Propagated noise increases with decrease in noise

margins

o decrease in supply/veltage

o, more extreme: P/Niratios for; high speed| eperation
o |RIArOp NOISE INCrEases With

) GOmplexity/afichip)size

s [fEqUENGY/ Gl Ciip

e stininking efimetaliiayers

17 Courtesy Hormoz/Muddu, ASIC99 ICCAD Tutorial: November 11, 1999

New Materials Implications

o Lower dielectric
o reduces total capacitance
e doesn't change craess-coupled / grounded capacitance
proportions
o Copper metallization
s reduces/RC delay,
s avoids electromigration (factaer; 6fi4-5/7)
s tAiNNEerdeposition reduces, Grass; cap
o Multiple:layers ofireuting
enablediby/planarized processes; 10%) exiralcost:perlayer:
reversesscaleditopsevelintercennects
relativerreuting pitchimayincrease
repmrerRshielding

ICCAD Tutorial: November 11, 1999




Technical Issues in UDSM Design

catastrophic yield: critical area, antennas
parametric yield: density contral/(filling) for CMP,
parametric yield: subwavelength lithegraphy implications
o, optical/preximity;correction (OPC)
o phase-shifting mask design (PSW)
signal integrity,
e, crosstalkiand/delay uncertainty,
s DEC electromigration
o) AGC selfrfieat
o) [IGLElEeCtrons

s Currentcontexts cellzhased place-androuieNmetiodelogy,

) placementandreuting fermulations; BASICIECHNGIEUIES
o) MEnUEIEgY/CEREXS

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 \ Majid Sarrafzadeh

/

Technical Issues in UDSM Design

o Manufacturability (chip can't be built)
o antenna rules
e minimumarea rules for: stacked vias
o CMP' (chemical mechanical polishing) area fill rules
o layout corrections; for aptical proximity; effects injsubwavelength
lithography; assoeciated verification/issues
o Signallimtegrity (failure toymeet timing targets)
o crasstalkiinduced|errars
e liming dependence on crasstalk
s |Ridrop e pewer supplies
o ReliabiliyA(designralures inthetield)
s electromigration G pewWEeRSUpplies
) [OLE|ECIoNn|EffECiS GIdEVICES
o Wire'selfflieateffecision clocksiand signals

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 Majid Sarrafzadeh
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Why Now?

o These effects have always existed, but become worse

at UDSM sizes because of:
o finer geometries
¢ greater wire and via resistance
e higher: electric fields;if: supply voltage not scaled
s more metalllayers
e, higher ratio,oficrass coupling to)grounded|capacitance

o |lower supply/voltages

) MOre currentfer given pewer,

o [oweridevice thresholds

) Siallerneise margins

s [FOCUS 6N MMECeNNEGE
) suscentiblete pattermningldifficulties

o) CVE} aplicallexposire; resistdevelopment/etchy, GV

) SUSGERLLENEIdEfects

e) criticallareay critical Vel ume

ICCAD Tutorial: November 11, 1999

=\ Andrew B. Kahng

(\C/) Majid Sarrafzadeh

RTL/code Gates/Cells

Xtrs

Masks

Design it
mapping optimization
» Sorting
Analysis = - Performance - N/A
modeling
- Power
estimation
. i » System = Functional . N/A
Verification = simulation simulation simBflation
E§unva lence cEecEmi
- Test - Test logic » Test ~ Pattern - Chip test &
Test architecture insertion model generation & diagnostics
generation merge

New Figure 4 (Draft Rev. B, 3-12-99)

Red denotes most challenging activity

11




ASSP: 44% WallTime, 39% Total Effort
After First Tape-out

100% - Time and Effort Allocation by First Tape-out

First Tape-out

Percent of Total Project Effort

| 569
0% -_—-)m—T

0% 20% 40% 60% 80% 100%

Start of Concept Phase Release to Manufacturing
Percent of Total Project Duration

* Data Source: Collett International Inc.’s Design Productivity Management System™ (DPMSS) database.
** ASSP (Application Specific Standard Product): Standard * off--the-shelf” IC product thanLh(aLs been
23 designed to implement a specific application function. ICCAD Tutorial: November 11, 1999

ASSP Design Productivity +27% Annually

Design Productivity Trend* Key

A U O N © ©
X X X X X X

Design Productivity
=

kN W
x X

06/95 06/96 06/97
Project Start Date

* Data Source: Collett International Inc.’s Design Productivity Management System™ (DPMSS) database.
** Methodology: The design productivity trendline is the ordinary-least-squares (OLS) regression line. 27% is the compound
annual growth rate between 06/94 & 06/98.
*** ASSP (Application Specific Standard Product): Standard “off--the-shelf” IC product that has been designed to i|ppjem/§c1
aspecific application function. . () w'»

12



Silicon Complexity and Design
Complexity

o Silicon complexity: physical effects cannot be ignored
o fast but weak gates; resistive and crass-coupled interconnects
o subwavelength lithegraphy from 350nm generation enward

o delay, power, signalintegrity, manufacturability, reliability all
become ! first-class objectives along with area

o [Design complexity: more functionality:and
customization, injless time
s reuse-hased/design methedolegies ferSOE

o [Mteraclions nerease: complexity
o need rehust; tep-dewn;, ConVErgentdesignimetiedoelogy,

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 \ Majid Sarrafzadeh

7/

Guiding Philosophy in the Back-End

Many opportunities to leave $$$ on table

e physical effects of pracess, migratability

e design rules more conservative, design waivers up

e device-level layout aptimizations in cell-based/methodologies
Verification| cost Increases

Prevention becomes necessary. complement to
checking

SUCCESSIVE approximation = design Convergence

s Upstream activities|pass intentions, assumplicns dewnstream
s dewnstream activities must e predictaihle

s modelsieianalysisiverification = ehjectiVes e Syntiesis

Vierercustom hiasinrauiomated metiedelogies

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 Majid Sarrafzadeh

\—/
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Implications of Complexity

o UDSM: Silicon complexity + Design complexity

e convergent design: must abstract: what's beneath

o prevention with respect to,analysis/verification checks

e Mmany, issues to worry about (all are “first-class citizens”

o, apply; methedology) (P/G/clack design, circuit:tricks, ...) whenever: passible
o Mmust concede lossoficlean abstractionss need/unifications

) synthesisiand analysisiinitightloep

¢, l0giG and|layoeuts chipiimplementation planning methodolegies

s, [ayoutiand manufacturing|: CMBE/OERE/PSMI vield) reliability; Sl statistical
designy -

o) musthit:funclion/CostAATr poeintsithat maximize: Siwarer,
o) reuse-hased/methode|egy;
o) neediiprdifierentiatingiP = slzation

ICCAD Tutorial: November 11, 1999

Outline

Technology trends

Post-layout optimization methodologies
o manufacturability and reliability,
e perfermance

Custom or. custom-on-the-fly methodoelogies
Elavars of classic planning-hased methodolegies
Implications for P&R

ICCAD Tutorial: November 11, 1999
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Example: Defect-related Yield Loss

High susceptibility to spot defect-related yield loss,
particularly in metallization stages of process

Most common failure mechanisms: shorts or opens due
to extra or. missing material between metal tracks

Design tools fail to realize that values, in design manuals
are mmimum values, not target values

Spotdefectyield less modeling
o extremely,wellsstudiedffield
s firstzardenyieldipredictions Boissanyield mode!
s criticalrareaimoede! muchimore: suceessiul
s fatalld efectitypESH(WotYPESI6f ST CITCUILS; CENYPE G GREN)

ICCAD Tutorial: November 11, 1999

O

ICCAD Tutorial: November 11, 1999
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Critical Area for Short Circuits

Critical Areafor Shorts

72\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 \“) Majid Sarrafzadeh

Critical Area for Short Circuits

Critical Area
for Shorts

ICCAD Tutorial: November 11, 1999
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Approaches to Spot Defect Yield
Loss

o Modify wire placements to minimize critical area

o Router issue
router; understands critical-area analyses, optimizations
spread, push/shove (gridless, compaction technology)
layer reassignment; via:shifting (standard capabilities)
related}; via deublingjwhen available; etc.

s Post-processing appreaches in PV are awkward

e hreaks perfermance verification inlayaut (ifilayeut:has heen
changediby physical Verification)
o Nojeasy/leppbackido physicalldesignt ConVerdenceprehliems

ICCAD Tutorial: November 11, 1999

Example: Antennas

o Charging in semiconductor processing
many, process steps use plasmas, charged particles
charge collects on conducting poly, metal surfaces
capacitive coupling: large electrical fields over gate oxides
stresses cause damage, or. complete breakdown
induced| Vs shifts affect. device: matching (e:a., in analeg)

ICCAD Tutorial: November 11, 1999

17



Antennas

o Charging in semiconductor processing
o Standard solution: limit antenna ratio
o antenna ratio = (Apoly + Am1 * ... )1/ Agate-ox
e €.g., antenna ratio < 300

o Ay = metal () area electrically,connected|to nede without: using
metal (x+1); and/noet.connected te an|active area

ICCAD Tutorial: November 11, 1999

Antennas

Charging in semiconductor processing
Standard solution: limit antenna ratio

General solution == bridging (break antenna by moving
route to higher layer)
Antennas also solved by protection diodes
o not:free (leakage pewer; area penalties)
Basically; annoying-but-selved proplem
o notclearwhethentedayisiappreaches scaleinto thefuture
o (teday; moesty/ pest=precessing|appeaches)

ICCAD Tutorial: November 11, 1999

18



Wire Spacing and Layout Methodology.

Routing tools do not always optimize for spacing
Stand-alone spacing

o layout (GDSII/DEF) -> layout (GDSII/DEF)

Need tight interface to extraction and timing simulation
Euture: built-in extraction and timing estimates

a7 Courtesy M. Berkens, DAC99 ICCAD Tutorial: November 11, 1999

Data Aspects of Post Layout Optimization

o Jogging increases amount of data significantly
o Massive data needs striping
o minor loss of eptimality for large stripes
o need work acrass hierarchy:
o fix boundary location; “look™beyond cut-line
s Need propagate netinfermation
o Mustisuppoert multi-precessing for reasenable iiAl)

~—\ Andrew B. Kahng
Courtesy M. Berkens, DAC99 ICCAD Tutorial: November 11, 1999 (.\ -) Mdjid Sarrafzadeh
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Wire Spacing and Shielding

o Pre routing specification
o convenient, handled by router
e robust but conservative
s IMay consume. big area
o Post routing specification
e area efficient=shield only:where needed & have space
s ease taskiofireuter,
o SUfficient shireldimaiis not guaranteed

o Eltherway: definitemeractionswi/ iillinserton,
pPOSSIkIENNtEractions W/ phase=shiitmgi(iVidsVi22)

~—\ Andrew B. Kahng

a9 Courtesy M. Berkens, DAC99 ICCAD Tutorial: November 11, 1999 (.\ -) Mdjid Sarrafzadeh

Opportunities for Via Strengthening

e Add cut holes where possible
» Wire widening may need larger/more vias
e “non square’” via cells

o Increase metal-via overhang
e NON Uniferm everhang

72\ Andrew
Courtesy M. Berkens, DAC99 ICCAD Tutorial: November 11, 1999 (.\ -) Mdjid S
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Outline

Technology trends

Post-layout eptimization;methodologies
o manufacturability and reliability,
e perfermance

Custom or. custom-on-the-fly methodoelogies
Elavors of classic planning-hased methodolegies
Implications for P&R

ICCAD Tutorial: November 11, 1999
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Performance Optimization Methodology

o Tradeoffs: Speed /Power / Area

o Must compromise and choose between often competing
criteria

o [Or given criteria (constraints) on seme variables, make
best choice for free variables (min cost) => Need/to be
on boundary: of feasible region

43 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

Optimization
Methods

Reorganize Logi

"P%be

o Many different:kinds of delay/area: optimization are
possihle

o) NManyeptimizations;are:semewhatindependent

s Use'several differenteptimizations:, Apply/WHICHEVERGRESIare
applicalle

44 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999
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Optimization at Layout Level

Size Transistors
Space/size wires
Add/delete buffers
Modify: circuit locally,

45 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

Transistor Sizing
Area Delay Curve

X «—You are here
Optimal Curve
Y ou need Iowest area for
agiven delay

to be here
Infeasible /
Region X

No assignment of sizes can produce aresult here

Min cost

Min delay Required Delay

46 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

23



Transistor sizing
What will it buy me?

e Scenario: Lots of capacitance in wires
o Will'it buy me speed: Yes
o Will'is save me power: “Yes" (qualified)

Architecture cannot PRET——
Area «— satisfy application .
(increase parallelism) AL IRTe)
Delay cannot this application
be improved Architecture and
at any cost application are

well matched Delay can be improved

at amost no cost

47 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

Transistor Sizing
Convexity + Dual Goals

5ns 10ns

W, Circuits of constant delay:15ns
(sizeof Xtr1 Faster circuitsinside this curve

Optim

point for Circuits of constant cost W, +W, = Cte
10ns

W,
(size of Xtr2)
Note: Actualy circuit delay is Posynomial ~ Convex

4g Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999
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Transistor Sizing
Methods

o Exact Solutions
e gradient Search
s convex Programming
o Approximate methods (very good solutions)
o Iiterative impravement on critical path (e:g: TILOS)

49 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

Convex Programming
Outside Delay Case

o Add more and more bounds
e guess new solution (deep) inside bounds

New guess delay istoo slow so
add new bound: Tangent

to curve of equal delay at new
guess. New feasibleregion is

to the left (region which contains

/@qui red delay).
(o}
gou®

50 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999
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Convex Programming
Inside Delay Case

o New guess delay is adequate but try and improve cost

Add a bound to force
search into region

of lower cost. New bound
is constant cost curve
passing through new
guess. New feasible
region is below new
bound.

51 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

Transistor Sizing
Approximate Solutions

Circuit delay affected
only by delay of
critical path. Upsize by
small amount
transistorson crit path
with biggest D1/D2 =
improvement/cost.
\ Repeat until timing met
Move minimally in this
direction D, to reduce cost

Move maximally in this
direction D, to improve delay

— W,

5» Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999
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Transistor Sizing
TILOS method

3,=sdowdownof T 1= speedupof T

e

Effective speedup of
T=96,-8,=5

s [ncreasexir en criticalipatawithilargestper unit
EffECliVe SPEEUU;

53 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

Short Circuit Power Optimization

o Critical path methods miss short circuit power

Critical path

—{ >

Short circuit power burned

in all of these gatesdueto

slow input risetime. Gates not
Slow node on critical path

s Increasell,, Untillcapacitive: pewerincreasefor drving 5, ISimore
thandecreasein S:C. power

s SWEep Gircuitiffom eutpuis to)inputs

Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999
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TILOS Optimization Trajectory

Starting Point.

\[e] (=X
Min Size != Min Power
Infeasible

Region

Required delay

55 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999

Buffer Insertion
Area delay tradeoffs

Is the Union of both
feasible regions

iAreaof Min
Size buffer

\

Delay

s @plimal CUrvels enveIGpE 6f CUIVES
o |Umptebufiered curve duringtiming eplmizaton

Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999
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Local Re-synthesis

o Pass Xir re-synthesis, logic reorganization
o Gate collapsing

) i Conductisi===N; conducisy Replacenip witiiN;
s repeation P2 andiy e CoreCENMOSIEMES

=\ Andrew B. Kahng

57 Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999 \~/ Mgjid Sarrafzadeh

Gate Collapsing
Example

o Irade offidrive-capability/logic-levels
s Intrinsic Delay; "RE Delay,
o reducenumber efitransistersi(area’)

=\ Andrew B. Kahng
Courtesy Bamji, DAC99 ICCAD Tutorial: November 11, 1999 Majid Sarrafzadeh

\—/
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Outline

Technology trends

Post-layout optimization methodologies
o manufacturability and reliability,
e perfermance
@Custom or. custom-on-the-fly: methodoelogies

Elavers of classic planning-hased methodolegies
Implications for P&R

ICCAD Tutorial: November 11, 1999

Custom Methodology in ASIC(?) / COT

o How much is on the table w.r.t. performance?

o 4x speed, 1/3x area, 1/10x pewer. (Alphavs. Strongarm vs. “ASIC")

¢ layout methodology spans RTL syn, auto P&R, tiling/generation,
manual

o library:methodelegy spans gate array, std cell, rich std cell, liquidlib;

o T[raditionaliview oficell-based ASIC
o Advantages: highipreductivity; TV}, pertability/ (soft:P; gates)

s Disadvantages; slewer; moere pewer,; moreiarea; slew preduction
ofistd/cell{library

s Nraditienallview; efi Custom

o) Advantagess fastely IESSIpeWErR IEsSiarea) Mofe)CifCUitstyles
s Disadvantagess ewipreductivity IengermisiMilimited reuse

ICCAD Tutorial: November 11, 1999
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Custom Methodology in ASIC(?) / COT

With sub-wavelength lithography:
e how much more guardbanding will standard cells need?

o composability is difficult to guarantee at.edges of PSM layauts,
when PSM layouts are routed, when hard IPs are made with
different. density/targets, etc.

s context-independent. composability/isithe foundation of cell:
hased methoedolegy!

Withivarant process flavors:
s hard/ayoeuts (including cells)willlhemore difficulttereuse

—  RElative: Cost Of CUSIoN dECTEASES
@nthe etheriand; productivityasialivays anissue:::

ICCAD Tutorial: November 11, 1999

Custom Methodology in ASIC(?) / COT

o Architecture
e heavy pipelining
o fewer logic levels betweenlatches
o Dynamic logic
o used|on all critical paths
o Hand-crafted circuit topoelogies, sizing and layeut
o good attention te)design reduces;guardbands

ICCAD Tutorial: November 11, 1999
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Custom Methodology in ASIC(?) / COT

o Flexible-hierarchical top-down methodology.

e basic strategy: iteratively re-optimize chunks ofithe design as
defined by the layout, i.e., cut out a piece ofi physical hierarchy,
reoptimize it (“peephole optimization”)

o for timing/pewer/areai(e.q., for; mismatched|input:arrivalitimes,
slews)
forraute-layout (€.g:, pinjaceess and celll perasity for router)
torymanufacturability/(density control; criticallarea; phase-
assignability)
DOES: diffusion|sharing; Sizing; newmappingy/Gircuittepology.
S0|is

o) antecedentss IBMICsSVMoiorelat CELEERITNG DEC CILE@

o infimteNran/Aecoyers penfermance; densitytiiatarsee=ceall
[irany/and classic cellfhasediiewileaveianitietahle
=\ Andrew B. Kahng

ICCAD Tutorial: November 11, 1999 (\C/) Majid Sarrafzadeh

Custom Methodology in ASIC(?) / COT

Supporting belief: characterization and verification are
increasingly a non-issue

Compactor-hased migration tools are an ingredient 2

liuners are an ingredient 2 (size; dual-Vi; multi=supply)

[FayeuULSyntiesisisaningredient 2

=\ Andrew B. Kahng
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Custom Methodology in ASIC(?) / COT

“Layout or re-layout on the fly” is an element of
performance- and cost-driven ASIC methodology going
forward
“Polygon layout as a DOF in circuit eptimization” is a
very smallistep/from “polygenilayout as a DOK in
Process migration’

s designersiare already reconciled tojthe latter

~—\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 (.\ -) Mdjid Sarrafzadeh

Outline

Technology trends

Post-layout optimization methodologies
o manufacturability and reliability,
e perfermance

Custom or. custom-on-the-fly methodoelogies
Elavoers er classic planning-hased methodolegies
Implications for P&R
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Sylvester-Keutzer: Classic Picture
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Sylvester-Keutzer: Combining
Logical and Physical

=\ Andrew B. Kahng
eg  Sylvester-Keutzer, Computer Nov. 99 ICCAD Tutorial: November 11, 1999 Majid Sarrafzadeh
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Required Advance in Design System Architecture

Yesterday 1000nm Today 180nm Tomorrow 50nm

System’\\‘ System | System syst em\\ Seem
Design w Model Design Model
o o o
o
° o °
: - : |
Software | SPEC
Logicr\\ Design Hw/Sw Perf.
Design Optimization Model

l N - Cockpit

RTL SW Auto-Pilot
L sw Optimize Analyze
- g
Timin
_S)_/nthesis _ HWSW \[power
+ Timing Analysis Data Noise
+ Placement Opt Model [Test |
Timing Analysis Re"":‘"y other
MASKS
Place/Wire
+ Timing Analysis
+ Logic Opt

ultipTe design Tiles are converged into one efficient Data Mode!
' Disk accesses are eliminated in critical methodology loops

MASKS Verification of Function, Performance, Testability and other design
criteria all move to earlier, higher levels of abstraction followed by
—equivalence checking and

—assertion driven design optimizations
Industry Standard interfaces for data access and control
New Table 8 ' Incremental modular tools for and analysis

Planning / Implementation
Methodologies

Centered on logic design
o wire-planning methodology with block/cell global placement
o global routing directives passed/ferward to chip finishing
o constant-delay: methedology may be used/to guide sizing

Centered on physical design

o placement-driven or. placement-knewledgeable'logic synthesis

Buffer between logic and/ayout synthesis
o placement; timing; sizing|eplimization teels

@entered on SOE; chip-levellplanning
s INterface synthesisieween hieeks

s GOMmMURICatioNsIpProteco| | pretecalimpleEmentaton deCISions
guideloegiciandiphysicalimplementation

=\ Andrew B. Kahng
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Planning / Implementation
Methodologies

Centered on logic design

o wire-planning methodology with block/cell global placement

o globalrouting directives passed forward ta chip finishing

o constant-delay, methodology: may: be used to guide sizing
Centered on physical design

o placement=driven orplacement-knewledgeable:logic synthesis
Bufier betweenlogicand layeuiSyntiesis

s placement timimg, Sizing eplimization | teels
@entered on SOE; chip:=leve! planning

s Interfacesyntiesisibetweenibleocks

s COMMURICAtioNSs PreLeEo! ) protece] implementation deCIsIons
guidelegicandiphysicalimplementation

=\ Andrew B. Kahng
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Performance Optimization Tool Flow

Architectural/ Behavioral Design

RTL Design
Floor Planning Logic Synthesis

Electrical Analysis L
Global Routing Detailed Routing

EM Power Timing Signal Integrity Clock
Analysis Analysis Analysis Analysis Analysis

=\ Andrew B. Kahng
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Performance Optimization Methodology

e Design Optimization
o global restructuring optimization -- logic optimization on layout
using actual RC, noise peak values etc.
o l|ocalized optimization -- with no structural changes and least
layout impact
o repeater/buffer; insertion for; glebal wires

o Physical optimization
high faneut net synthesisi(eg. for clock:nets); buffertrees toymeet
delay/skewand fanout reqguirements

automatically determine networktopolegyi(# [evels; #ouffers; and
type: efihuffers)

Wire sizings spacing; shielding etc:
o EIXing uming vielatiensiautematically,
o fixésetup/helditimevielations
o fixemaximumisiewandfaneutvielatiens

Courtesy Hormoz/\ u, ASIC99 ICCAD Tutorial: November 11, 1999 ) Ma arrafzadeh
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Total
Delay=G;+G,+RC,,

G; = Intrinsic Gate Delay

Gate Delay from Loa«

RC,,= Delay from Interconr
Loading

o Critical Path Delay

0 | E—

-% = Electrical Optimization
G

50K gate Block at 0.18 microns

Logic Optimization

=\ Andrew B. Kahng
Courtesy Hormoz/Muddu, ASIC99 ICCAD Tutorial: November 11, 1999 (\Q /) Majid Sarrafzadeh
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KEY ISSUE: PREDICTABILITY

Everything we do is ultimately aimed at a predictable,
estimatable back end (physical implementation after
some handoff level of design)

Predictability == regression moedels

Predictability. == an enforceable assumption

s constant-delay paradigm (legicallefioft; DEC, IBM: ...)
Predictability == fast:constructive: prediction

s RipFlevell(dera); gate-levelfiatfulltchip (SEPE)
Predictability/==remoyve: the needifor predictalnliny;

o) GALS] LIS
s protecoels/icommunicationtshased systenitevel/designy

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 (\ -) Mdjid Sarrafzadeh

Problems With Physical Hierarchy

Physical hierarchy = hierarchical organization of the
core layout region

In general, no relation to high-quality (e.g., W.r.t. timing,
routability) embedding of logic

o artifactual physicallhierarchy; created by /top-dewn placers

s COreiregion isirelatively hemogeneous; isotropics Impoesing a

hierarchy/isigenerallyhammful

@ COUISE; SOME BPVIOUS EXCEPLIONS

s regularstructures (mMemaories; PLAS; datapatiis)

s [igrd/EPh|ecks

s butithesedonithitwelllintep:dewn placementanyway,

Eeneralltrends non=hierarchicallembedding appreachies

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 (\ -) Mdjid Sarrafzadeh




The Problem With Hierarchies

o Two hierarchies: logical/functional, and physical
e schematic hierarchy also typical in structured-custom

o RTL design = logical/functional hierarchy.
o providesvaluable clues for physical embedding: datapath
structure, timing) structure; etc.
o Ganbelincredibly:misleading (e:a., all clock:buffers inja single
hierarchy/bleck)
s Mainissues:
e howto)leverage loegicallfunctionallfiierarchy/during embedding
o) WhEente deviaterfrem designersihierarchy,
s methoedoelegyferhierarchyrecenciiation(buffers; repartitionimngy,
reclustering; elc:)

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 \~/ Mgjid Sarrafzadeh

Interconnect Complexities

o Interconnect effects play a major; role in the increasing costs for
large hard-block or: rectilinear-outline based design styles
Probabilistic wireload models fail
Without new capabhilities for: soft: I[P design and assembly,
interconnect preblems will significantly, impact perfermance and cast
for,emerging IC technologies

blocks

global
wires

Occurrence Rate
(Normalized)

=\ Andrew B. Kahng
.5 Courtesy Pileggi, MARCO GSRC ICCAD Tutorial: November 11, 1999 \~/ Mgjid Sarrafzadeh
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Technology Scaling

e Block sizes cannot grow as rapidly as chip sizes since block design
becomes increasingly more difficult --- each block is a chip design
over multiple configurations

o Ifithe blocks are inflexible; the global wiring problems begin to
dominate all aspects of perfermance guality' and system, cost

Occurrence Rate
(Normalized)

Larger chip with
finer feature sizes

79 Courtesy Pileggi, MARCO GSRC ICCAD Tutorial: November 11, 1999

Soft Blocks

o With soft, flexible blocks, the system assembly can more thoroughly.
exploit the available technology.
Interconnect problemis controlled via: soft boundaries for; areaire-
shaping; re-synthesis andire-mapping;for timing; smart wires; and
top-down, specified block synthesis
Cf. “Amoeha’” placement; coloring analysis of “geed” placements
withyrespect:te eriginalllegic hierarchy; etc.

Occurrence Rate
(Normalized)

Superior timing,
power and cost

g0 Courtesy Pileggi, MARCO GSRC ICCAD Tutorial: November 11, 1999
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Soft-Block Assembly

Hard rectilinear blocks make prediction of global wires extremely.
difficult

Top-down constraint-driven assembly of soft fabrics: ability to
significantly, restructure circuit level blocks during the assembly.
process helps reach perfermance goals
o For example, timing-criticallinterconnect paths; can be completely.
restructured during assembly without:changing any; ofithe systemlevel
Specification
Key issues howite determine the seftblecksiinthe firstplace

s non:classical partitioning ehjectives: area'sensitivity; functionalland
clecking|structure; critical timingspathiawareness; matching capabilities
ofibleckaplacer:

Lieekaplacement: argely unselVedissUe
») Unclearwhethernpacking-Centric o Gonnectvity-Centriciapproachies are Dest

g1 Courtesy Pileggi, MARCO GSRC ICCAD Tutorial: November 11, 1999

Outline

Technology trends
Post-layout optimization methodologies
o manufacturability and reliability.
s performance
Custom or: custom-on-the-fly methodoelogies
Flavars of classic planning-based methodolegies

Implicationsiiorn &R

ICCAD Tutorial: November 11, 1999
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Cell-Based P&R: Classic Context

e Architecture design

¢ golden microarchitecture design, behavioral model, RT-level structural
HDL passed to chip planning

¢ cycle time and/cycle-accurate timing beundaries established
o hierarchy correspondences (structural-functional; logical (schematic)
and|physical) well-established
Chip planning
o hierarchical fieerplan; mixed hard-soft:bleckiplacement
o hlockicontext-sensitivity: ne:y; [ayerusage; etherreuting cornstraimnts
s routeplanning afiall glehalineisi(Contral/dataisignals; Clocks B/E)
e INCUCES PIM assignments/erderings; ard (partial) pre=routes; etc:

Ehiprassembly == possiblyAampliciinalbove sieps

=\ Andrew B. Kahng
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Placement Directions

o Global placement
e engines (analytic, top-down partitioning based, (iterative annealing
based) remain the same; all support “anytime’ convergent solution
o becomes more hierarchical
o block placement, latch placement:before “cell placement”
o support: placement: of partially/prebahilistically specified design

s Detailediplacement
['EQ/EEQ) substitution
shifting, spacing andlalignmentierrautabiiity,
EC@sifartiming; signallimtegrity; reliability,
closelyitied teyperfermance analysis hackplane (SiA/EPY)
stppertineremental “constructby correction’ usemodel

=\ Andrew B. Kahng
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Function of a UDSM Router

o Ultimately responsible for meeting specs/assumptions
e slew, noise, delay, critical-area, antenna ratio, PSM-amenable ...

o Checks performability. throughout top-down physical impl.
o actively understands, invokes analysis engines and macromodels

o Many functions
circuit-levellIP’generation: clock; power; test; package substrate
routing
pin assignment andftrack:ordering engines
monolithicitopelegy;eptimization engines

ownsikey/ DOESH smallirezmapping; incremental placements
device:levelllayeut resynthesis

s hiierarchicaly scalables incrementall controllable; WellE
characierized(wWellFmedeled); detunalbieNerqr;, Coarse/quick
reuting)s -

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 \~/ Mgjid Sarrafzadeh

Out-of-Box Uses of Routing Results

o Modify floorplan

o floorplan compaction, pin assignments derived from top-level route
planning

Determine synthesis constraints
¢ budgets for intra-block delay; block input/output boundary, conditions

Modify netlist

s, driverisizing, repeater insertion, buffer clustering

Placement directives, forblock layout
s, oyver-hleckiroute planning|affects utilization facters withimn biecks

Periormance-drven routing direcives

o Wiretapering/spacing/shielding|choices; assumed [ayerassignments;
elG;

=\ Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 Majid Sarrafzadeh
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Routing Directions

o Cost functions and constraints
e rich vocabulary, powerful mechanisms to capture, translate,
enforce
Degrees of freedom
¢, Wire widths/spacings, shielding/interleaving, driver/repeater: sizing
¢ router empowered to perfoarm small/logic resyntheses

“Methodology”
o carefully/delineated/scopes ofirouter;application

s, Instance complexities remain tractable due'te hierarchyand
restrictions; (€:g:, layerassignmentrules) thatiare part:ofithe
methedelegy,

Ehange inisearchimechanisms

o Iterativelripup/rerautereplacediby fatemic tope|egy/Syntiesis
utilitiest s constructentire topolegies to)satisfy/Constraints in
arnitran//Goentexts

@lesernalignmentwithiull&/autematedECustomView

) peEenfieleeptimizationsyeilayeutiareitie natiral eXIension s of;
Vietarala CEEEERITN A BMIEM S ElCHMELTGUGIGIEST S Kang

ICCAD Tutorial: November 11, 1999 (\C/) Majid Sarrafzadeh

Noise Sources

o Analog design concerns are due physical noise sources

e because of discreteness of electronic charge and stochastic
nature of; electronic transport processes

o example: thermal noise, flicker noise, shot noise

o Digital circuits due. to large, abrupt voltage swings,
create deterministic noise: whichis several orders of:
magnitude: higher; than stechastic physical noeise

o still digitall circuits;are prevalent:because ey are infherently.
IMMmMURete neise

s lechnolegy/scaling and perermance demands made

nojsinessiordigitall circuits a g preklem

=\ Andrew B. Kahng
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