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Large scale, complex chip design

* Previous large scale, complex chips
« Chip:1M instances, 500 pins, 20 Macros
*90nm process technology
* 3 libraries and corners, 1 rc corner=3 runs

* New large scale, complex chips
«Chip: 5 20 blocks per chip
* Blocks: 1M-5M instances, 1000 pins, 100 macros
*65nm, 45nm, 32nm process technology
« 3-5 libraries and 5-10 RC corners = 15-50 runs+

What it means for designers
« 20+ floor plans for feasibility study
« Excessive runtimes due to big data
* More complex hierarchical designs
« Multi-dimensional timing closure
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Process Variation

Transistor & interconnect
dimensions are shrinking rapidly

Process control for small
geometries is difficult

Encounter Statistical STA (SSTA)

— Accounts for variability of process
parameters (AL, AW, ATox, etc.)

— Eliminates need for multi-corner
analysis & aggressive guard-band

Process A
L

=1um

mean
o=0.0Tum

Delta-L of
nominal = 1%

Process B
L mean = 69 NM
o= 0.0Tum

Delta-L of
nominal = >15%

Even if variability is constant between process
generations, the net-effect gets worse
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Encounter SSTA
removes excess
guard-band
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IImpact of IR Drop on Noise

— Noise glitch without IR drop — No issue
Vdd

— o o - b ———— 4 Logic switching threshold

Gnd

— N Su Vdd
e e e EEEE s = =4/Logic switching threshold

Gnd

Gnd

— The combined effects can result in increased delays and
nonfunctional circuitry due to weakened drivers and glitches
crossing the logic switching threshold.

I cadence



Power Tradeoffs with Traditional Methodologies

. . Methodology Impact
Power reduction Timing Area

technique

Architecture Verification |Implementation

Area optimization -None- n/a

Multi-Vt optimization Little Little

Clock gating Little Little

Multi-supply voltage .
(MSV) Little

Power shut-off (PSO)

Dynamic & Adaptive
Voltage Frequency
Scaling (DVFS)
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Basic

Advanced

Too Many Choices for Power Reduction, Too
Hard to Decide

Power reduction
technique

Leakage |Dynamic|Timing| Area
power | power |penalty penalty
1.1X 10% 0% -10%
6X 0% 0% 2%
o ° -10%to
0X 20% 0% oo,
2X 40-50% 0% <10%
10-50X ~0% 4-8% | 5-15%
2-3X 40-70% 0% <10%
10X 10% | <10%

Source — Customer interviews, Conference papers (ISSCC), magazine articles
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ILow Power Techniques Used In Today’s SoC

Substrate  Qperand

Biasing Isolation
Voltage & ypgecided 19, 4%
frequency ’
scaling

5%

Power Shut Off
(Power Gating)
17%

41%

Multi VT .
20% Multi Supply
Voltage

9%

Source: 2007 Low Power
workshop attendees survey

Gated clock

45nm

65nm

90nm

130nm

180nm

>250nm

10 15 20

Number of respondents

25

30

O Next design
B Current design
M Last design
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I Current design-based solutions are
frag me nted MultiSupply Voltage

State Retention Power Gates
Power ShutOff
Dynamic Voltage Frequency Scaling

) ooy
power functionality

without changing RTL?

Specificatio

Function, timing m

Command file

Domains
Level shifters
e|solation
*SRPG

Command file Design Creation (Jterat RTL

*Domains coding
| evel shifters

*|solation
SRPG

Bujogfjn adusjeain
uonepijeA julessuo)
Verification Coverage
Testbench Automation

Command file
*Domains
Level shifters
eIsolation
*SRPG Command file
*Domains
Level shifters
eIsolation
*SRPG

Chip Integration
Prototyping

Which one of Physical Synthesis

these is “golden”? _.mand file
-0omains
Level shifters
eIsolation
*SRPG

\-r |

Did we really build
the chip that the

uonepijeA

design team wanted?
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| Advanced node design

Manufacturability challenges

Layout 0.25u 0.18u
* 193nm wavelength of
light for 65nm structures - -
Layout = printed
— Bridging, necking, line
end shortening
d Multlple objects 013u 90nm 65nm
contributes to the
o - - -

Decreasing feature SIiZE -« e >
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Encounter Digital Implementation System
Refining and redefining digital implementation

Large scale chip design closure
Die-size exploration, Floorplan synthesis and ranking
Hierarchy, ART, MMMC, Flip-Chip/RDL, SDP, Multi-CPU

MVth, MSV, multi-domain, low power clocking,DVFS,
power shut-off, biasing power diagnostics, CPF flow

45/32nm, DFM/DFY, litho aware implementation, SSTA,
CMP, thermal analysis, model-based design and verification

' Mixed signal design
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generation and management, data exchange integrity

Flexible, extensible design system  «New foundation memory architecture

« End-to-end multi-core backplane * Automated advanced design flows
*Up to 60% power reduction « Complete native MMMC flow
*10-15% smaller die-size area *Silicon accurate QoS (var/dfm/signoff)
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Power Tradeoffs with A CPF-Based Methodology

Power reduction
technique

Area optimization

Multi-Vt optimization

Clock gating

Multi-supply voltage

Power shut-off

Dynamic & Adaptive
Voltage Frequency
Scaling

-None-

Little

Little

Area

n/a

Little

Little

Little

Methodology Impact

Architecture

Medium

Verification |Implementation

Cadence Low
Power Solution
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IA Common Power Format Communicates the Power

Intent Throughout the Flow

« Common Power Format (CPF) = Single specification of power intent

used throughout design, verification, and implementation

« ASCII file that captures:

* Power design intent

—Power domain

* Logical: hierarchical modules as
domain members

» Physical: power/ground nets and
connectivity

« Analysis view: timing library sets for
power domains
—Power logic
* Level shifter logic
* Isolation logic
- State-retention logic
 Switch logic & control signals

—Power modes
* Definitions
 Transition expressions
» Modal analysis

—Technology information
* Level shifter cells
* Isolation cells
- State-retention cells
» Switch cells
- Always-on cells
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IThe Only Complete Low-Power Solution

Design Management | Ca de nce Cade nce
<o o g Logic Design Team Digital Imple{nentatlon
2g a8 2@ Solution Solution
-1 = gz

Power Implementation part of
back-end user-segment flow

Design with Power part of
front-end user-segment flow

N

)\

GDsII

Design Logical Signoff

Cadence
E':> Low Power
Solution

Complete low power flow

Commen
Power
Farmat

e e Low Power
- Methodology Kit

Streamlining low power adoption
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IThe CPF-Enabled Cadence Low Power solution
The Only Holistic Solution in the Market Today!

MSMV, PSO,
SRPG, MMMC,
DVFS,AON,

LEC & CLP Checks

Formal
ABV

gate(3)

CPF Quality Checker

]
Plan & Metrics

N
RTL Simulation

|

- :
gate(1) Synthesis + Pwr Est.

— Logic Simulation

Design for Test

Implementation

Timing/ Sl Sign-Off

mmes VIR drop/power Sign-Off

including

PSO patterns

CPF consistency, functional & structural checks using CLP

Functional validation of virtual LP behavior: PSO, retention,
isolation

Auto generation of power mode coverage, and iso, retention,
level shifter control signal coverage

PSO-aware formal assertion verification

Power domain/mode aware synthesis & power analysis
Auto insertion, mapping & opto of iso, LS, SRPG
Multi-Mode synthesis

Power domain aware test synthesis, insertion of iso/LS on
DFT nets

Auto mapping of power modes to test modes

Fault model/coverage of LP structures incl. SRPG

Power domain/mode aware P&R, w/o dont_touch
Power switch, LS, clamp insertion/optimization
MMMC/DVFES support

Power domain/mode aware delay calc, including
MMMC/DVFS

Power domain/mode aware IR drop analysis (static and
dynamic)
Power-up analysis of power switches and impact on neighbors
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NanoRoute litho hotspot prevention

ion

t

Imiza

* Local area litho prevention/opt

|

Xor

V if

d no new hotspots

fixed

e SIZze an

dd

iming an

original

« No impact to t

Line end

™

<%
W
=
w
L=
169
W/




I Advanced node design

NanoRoute litho-driven routing
Patent pending

65nm node 45nm node
— 1stiteration: >90% hot spots — 1stiteration: >85% hot spots
eliminated eliminated
— 2" jteration: 100% hot spots — 2 jteration: >94% hot spots
eliminated eliminated

Hotspots @ +/-20nm defocus and +/-5% dose
™ Original m After NR prevention [ After LPA HIF fix

|
1
4 GDS Wire length Runtime (§Peak Mem (Mb) | Hotspots
50 i No-litho 1.736 0:58:00 (B56.28 L1:1
400 | routing L2:195
Litho 1.747 1:01:00 (|B90.96 L1:0
350 B prevent L2:36
Litho 1.747 00:02:32 B88.45 L1:0
300 ’ prevent + fix L2:6
250 - !
200 A A22% timing
A300% leakage
150 -
100 -
50 -

65nm Tech node 45nm

Machine used: Linux 2 2.19GHz CPU. 16G memory.
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Large scale chip design solution

time to market

quality of silicon

* Full chip prototyping * In-system signoff

* Design exploration « Early rail analysis

* Floorplan synthesis « SMART routing

« Die size reduction ° MUIti'Obiective Opt

« Active logic Reduction * Full flow MMMC

Technique (ART) « Variation and DFM aware

* New foundational

. » Post-mask ECO flow
memory architecture

« Flip-Chip/RDL design

» Multi-CPU backplane
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Bus routing guides

« Bus guides are floorplan e |
objects to guide routing/pins
for selected nets

« Specify layer or layer range

— Routing outside bus guides has
higher cost

— Warning issued if routing is
outside bus guides

No bus guides  Using guides No bus guides _  Using guides
cadence’




IGlobal debug and diagnostics

 Integrated and complete diagnostics
* Intuitive, easy to use, graphical/visual/report based

s G ek

| ll_LJle |

:-« vl!uli
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A

Package aware 10 planning and flip-chip

Create Bumps

Design Edit  Synthesis Parttion ¢ Place Ch

Floorplanning

« Multiple I/0O methodology support
— Area or peripheral 1/0
« Concurrent opt of /0O and core

« Congestion analysis/ route

feasibility and “what-if” analysis
« Automatic RDL and 45° routing
« >40 customer tapeouts

B Assign/refine bumps
Place/Refine |0

Power planning

cadence

Wire Editing*  ———
Il [ = =

Partitioning

Placement

Routing/Extraction

“Encounter's automated RDL routing for flip chip helped us meet our
demanding schedule. It was by far most powerful solution to help us . i
meet our demanding goals." Gopal Raghavan, CTO JOX Inphi G

"The Encounter system works perfectly on our Standard Design
Platform (SDP) and special 1/Os, and it helped us accelerate our flip
chip design process.” Nianfeng Li, VP Design @Silicnn
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Incisive Enterprise Manager for verification

engineers

Deplo 9 gt
jobs S
Incisive Enterprise Manager Incisive Simulation

Verification Verification
goals jobs

Executable Session
vPlan specification

Incisive Formal
Verifier (IFV)

Automated
analysis

Failure data and
total coverage

Total
Coverage:

* Functional
» Code

» Assertions
* Power
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I Conformal Low Power Verify
Structural, Rule, and Functional Checks — CPF

Enabled
RTL/Logical Netlist

Level shifters

— Placement

— Location

— Connectivity
Isolation cells

— Placement

— Isolation type

— Isolation function
State retention cells

— Placement

— Retention function
Miscellaneous

— Floating nets / pins

— Control Polarity

CPF

’ !!! 8uallty !Hec!

RTL

oW Fower €CKS

Functional simulation

Logic Synthesis & DFT

Gate netlist

oW rower €CKS

Logic simulation

Physical implementation

LEF.

v l v \4 \4 l l v v

oW Fower €CKS

Transistor Netlist

Transistor net.

— Transistor Stacking
— Un-buffered Input

— Macro Power Associations

Physical Netlist

Level shifters

— Placement/Location

— Power connectivity
Isolation cells

— Placement/type

— Power connectivity

— Isolation function
State retention cells

— Placement

— Power connectivity

— Retention function
Power and Ground Switch

— Power/Ground
Connectivity

— Enable Control Polarity
Miscellaneous

— Shorts b/n VDD/VSS

— Always-on buffers
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I Cadence VCAD

Ou3anH-ueHTp

NomelueHune O6opyanoBaHue

Cpeana NpoeKTUpoBaHUA U
noaaepxkKa

BepeHue npoekTa
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I Cadence VCAD: npeumyLiecTtBa CepBUCHLIX yCnyr

Lenb Integrated Team
Capabilities

Self-built
Pe3yanaT ...................................... S . Capabilities
HacTtpounka
Cpe‘qb| .................
NPoeKTUpPOBaHUSA ; » Bpems
] At i
: design : At
: env. :  First Product
v Setup + ¥ v

7 N
v

<« >

- DKOHOMUSA BPEMEHM
- OnTMMmnsaumna 3arpar
- CHUXXKeHue pUCcKoB
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O6LWNpHLIN HabOp CepPBUCHLIX yCnyr

Flows COT
and IP Migration

NMpoBepeHHbIe

MapLpyTbl U vér;u[;al 2 K UL MpoekTupoBaHue
MeToZoNorNm | S 3a 1 npoxopn
npoekTupoBaHua (NSRS TR

Digital Assistance
Design

Volume Partner
production through
support tape out

NpodeccuoHanbHbIE yCnyru B
obnactu paspabotku u IP
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I Cadence, VCAD service.

« VCAD 65nm experience:

. Short design info:

. - 65nm technology

. - main clock frequency 438MHz (worst corner)

. - ~16M placeable instances

. - 12 metal layers

. - flip-chip design w/ 4440 bumps, die size 14.9x14.9mm2

. - 6 partitions (3 partitions with master and one clone, 1 partition with master and three clones)
. - few hundred of RAMs, few analog IPs

Major challenges for 65nm compare to 90nm:

1. Timing analysis: need to make more timing and RC corner analysis for Setup and especially for Hold.

2. Litho-Analysis and CMP-analysis — should be done, at least once for 65nm. VCAD offer is to run these checks on our
side, just to make sure that everything is fine.

3. Power should be considered: Power-aware Timing/Sl (skewi/jitter/setup/hold) including Chip-package effects.

4. Low Power aspects should be simulated in analog simulator.

5. Very high-speed design below 90nm should go through dynamical power analysis, using correct and robust

VCD/activity file.
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Questions?

>

Qv
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