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CONFIDENTIAL INFORMATION

The information contained in this presentation is the confidential and proprietary 

information of Synopsys. You are not permitted to disseminate or use any of 

the information provided to you in this presentation outside of Synopsys 

without prior written authorization. 

IMPORTANT NOTICE

In the event information in this presentation reflects Synopsys’ future plans, such 

plans are as of the date of this presentation and are subject to change. Synopsys is 

not obligated to update this presentation or develop the products with the features 

and functionality discussed in this presentation. Additionally, Synopsys’ services and 

products may only be offered and purchased pursuant to an authorized quote and 

purchase order or a mutually agreed upon written contract with Synopsys.
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Advanced Node Challenges Impact ECO Time-to-Results

Signoff PPA last-mile design closure TAT and iterations have significantly increased

Synopsys Confidential Information
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Signoff accurate 
subsystem-level / closure 

required for large SoCs

Last-mile signoff closure 
complexity growing 

exponentially

Time-to-Closure

Tech 
nodes

LMC: Last-Mile Closure

P&R

Signoff ECO

LMC

P&R Last-Mile Closure

P&R LMC

Signoff ECO

Signoff ECO

>16nm

16/12nm

7 /5nm

3 /2nm

P&R LMCLMC

Signoff ECO

MC

Advanced Node ECO 
Requirements

Growth in ECO Design Size

Tech 
nodes

>16nm

16/12nm

7/5nm

3/2nm

1-2M inst.

5-10M inst.

100M-200M inst.

Multi-dimensional
ECO Problem Space

LMC

LMC

LMC

Increased iterations delay product time-to-market and increase project cost
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Next-Generation Design Closure System

PrimeClosure: Golden Signoff ECO

High-Capacity Architecture

PrimeClosure
Golden Signoff ECO

Superior

P&R 

Convergence

PrimeTime 

Signoff 

Accurate QoR 

Fastest 

Hierarchical 

Top/Subsystem

/Interface ECO

Best PPA 

Recovery

~5%
Lower Total Power

~10X 
Less Compute Resources

~50% 
Reduction in ECO Iterations

~4X 
Faster Power ECO Runtime

5/3nm

27%
Lower

Leakage

2.2%
Better FMax

Top US   
Hyperscaler

CPU

5/3nm

50%
Better

Fix Rate

10X
Lesser

Compute

Top 5 
Semiconductor

CPU/GPU

3nm

35%
Lesser

Iterations

Top 5 
Semiconductor

10X
Lesser

Compute

CPU, SoC

4X
Faster 

Power ECO

4X
Faster 

Power ECO

3nm

>40%
Better 

Setup TNS

Top 5 
Semiconductor 

GPU

4%
Lower

Leakage

15%
Faster
TAT
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High-Capacity Architecture

Leverages production-proven Tweaker infrastructure • New, faster 
optimization TAT

• Better QoR, and PPA

• Signoff Analysis 
Integration

• 100% Tweaker 
scripts migration

• PT version 
independent  

• Faster TAT

Synopsys Confidential Information

PrimeTime-based User Interface/Commands

High-Capacity Tweaker-based MCMM Architecture

Physically-Aware 

Co-optimizations

Robust Hierarchical 

Infrastructure
Light-Weight Engines

Comprehensive GUI & 

Intuitive Manual ECO

Top-level/Chiplet 

Handling

Signoff 
Integration

• Automated PrimeTime 
STA integration

• Native PrimeTime 
Delay Calc.*

• DVD IR-ECO flow with  
RedHawk-SC 

Data Flow

• PrimeTime HG/HS 
flows  Supported 

• PT-version 
independent

• Binary data flow

P&R 
convergence

• Physically-Aware 
Native Legalizer

• Advanced RC 
Estimation

• Implement ECO

Power

• ~4.5X faster TAT

• ~5% better Total 
power

• ~25% better leakage

Clock 

• Early and Late-stage 
See-Based Clock Opt.

• Clock Surgery for 
Targeted Optimization 

• FMAX Boost

Timing

• Faster setup, hold, 
DRV, area  
optimizations

• PrimeShield 
Robustness and 
Variability 

Advanced 
Processes

• TSMC N2

• Samsung SF2

• Intel 18A

• Context Effects

New Engines and Technologies

• DVD IR-ECO flow with

 Red Hawk-SC
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Automated Signoff Accurate QoR for Demanding Designs

PrimeTime integration for signoff QoR 

High-Capacity with PrimeTime Accurate QoR

PrimeClosure

Incremental 

Optimization Engine

ECO Fixing + 

Legalization

NDM

TechLEF/Tech

File/ LEF/DEF

PrimeTime 

Collaterals

Inputs

change

list
NDM DEF

.v .GPD .spef .tcl

Outputs

Direct 

reading of PT 

sessions, 

libraries, 

GPD, NDM

• ECO and STA in one 

cockpit

• Automated PrimeTime 

what-if co-optimization 

flow

• Reduce ECO iterations

PT STA worker1: 

scenario 1

PT STA worker2: 

scenario 2

PT STA worker3: 

scenario 3

PT STA worker4: 

scenario 4

Automated PrimeTime what-if

loops

ICC2/FC 
P&R

StarRC
 VMF

StarRC
Extraction

PrimeTime
STA Tapeout

Implement ECOloops
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Benefits of Integrated ECO Session Data Flow

write_eco_session and start_eco auto config mechanisms

• PT settings

– library location

– derating, drc, aocv, pocv

– don’t_touch, don’t_use

• simplified hier_prefix, auto partitioning flow

• timing info transfer, no need for reporting transfer

• netlist, spef, gpd, upf

• voltage scaling, MV settings

• corner building

– eco scope

– configurable corner definitions

Synopsys Confidential Information

Consolidated and Easy to Transfer

PT
write_eco_session

PrimeClosure

Binary 

data

smaller disk size

Push button 

data generation

faster writing 

faster reading

PrimeClosure Flow

eco scope

scenario

definition
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Key PrimeClosure Differentiations

• PPA: up to 5% better 
total power recovery 

• TAT:

• vs. PT-ECO: ~4X 
faster 

• vs. Tweaker: ~2X 
faster 

• TAT: ~2X faster vs. 
Tweaker

• Input collateral size: 
~50% reduction vs. 
Tweaker  

• QoR: Better via OOTB 
(out-of-the-box) 
recipe 

• Automated 
PrimeTime what-if 
for signoff-accurate 
optimization

• Automated IR-ECO 
with RedHawk-SC

• Convergence: 
Advanced RC 
estimation, router 
guidance, congested 
design

• Incremental Fusion 
Compiler/Signoff 
flow

• 3rd party P&R: Flow 
supported

POWER QoR P&R 
CONVERGENCE

• Migration: 100% of 
Tweaker scripts to 
PrimeClosure

• Migration: PT cross 
version support  

• PT-HS and PT-HG 
flows supported

MIGRATIONTAT
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Top US Hyperscaler Reduces Power and Boosts Performance

Results on Arm Neoverse v3
Design: 3nm, ~7M 

instances, 16 cores, 

Peak Memory: 150GB

Power Group
Combinational Register

preECO 158.9 53.4
postECO 111.7 40.8
Savings 47.2 12.6

Average -27%

Leakage (mW) Power Group
Combinational Register

preECO 30.6 99.7
postECO 28.1 86.3
Savings 2.5 13.4

Average -11%

Internal (mW)

Performance Boost

Setup TNS

25%
Better TNS

Frequency 

2.2%
Better FMAX

• Clock Surgery delivered 2.2% FMAX boost

• TNS improved by about ~25% on endpoint opt DB

• Power ECO TAT is ~4X faster TAT 

• Results are post-implementation

Better Power

Internal Power

11%
Lower Internal

Power

Leakage Power

27%
Lower Leakage

Power

Dynamic Power

4.1%
Lower Dynamic

Power
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PrimeClosure Delivers Superior Results @ 5nm Evaluation

Better Hold QoR, Setup QoR, TAT, and post implementation vs. Tweaker 

Timing QoR Comparison (PC vs. TWK)

• ~84% improvement in Hold QoR

• >4X reduction in violations

• Better improvement in Setup QoR

Post-implementation (PC vs. TWK)

• ~70% better Hold QoR

Synopsys Confidential Information
Source: Cisco May 6 eval summary

• Technology node: N5

• Size (# of cells/mem):3.57M/510

• # of Corner: 12

• Violation type: max_tran, setup,hold
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Top 5 Semiconductor Reduced ECO Iterations by 40%  

PrimeClosure delivered better timing, leakage power, and TAT

• TAT can be reduced with more cores

Synopsys Confidential Information

TAT Target
eco01: < 24hrs
eco02: < 20hrs
eco03: < 10hrs

Design A

3nm

2M inst.

58 sc.

Design B

3nm

4.5M inst.

58 sc.

Design C

3nm

8M inst.

58 sc.

PC TAT (16 cores)
eco01: 4.4hrs
eco02: 3.5hrs
eco03: 2.0hrs

PC TAT (16 cores)
eco01: 22.9hrs
eco02: 5.1hrs
eco03: 3.9hrs

PC TAT (16 cores)
eco01: 11.4hrs
Eco02: 4.1hrs
Eco03: 1.9hrs
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Strong Hierarchical Technologies Reduce 

Time-to-Results for Large Designs

Robust Hierarchical,  

Gigachip Hierarchical 

ECO

Top-Down, Bottom-up 

Hierarchical Flow

Hierarchy and Corner 

Pruner 

• Gigachip 

hierarchical ECO 

for very large 

designs

• Single-box SoC/ 

subsystem/ 

block/ MIM 

convergence with 

PrimeTime: 

HyperScale, 

HyperGrid, Flat 

STA

Hierarchy Pruning Corner Pruning

Pruner:

• ~30% lower memory with 
hierarchy and corner 
reduction

• 2X Speedup TAT 

Multiple hierarchical flows to 
enable fastest TAT, memory 
reduction on single boxes → 
low cost-per-run
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PrimeClosure Gigachip Hierarchical Flow

Hierarchical ECO TAT Acceleration Solution

• Runtime Bottleneck 

Identification

• ECO Strategies to 

Reduce TAT

• Speed up with Gigachip 

Hierarchical Flow

Synopsys Confidential Information
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Hierarchical Leakage Recovery Delivers ~7X  TTR Speedup

Top 10 semiconductor company presentation at SNUG 

Total Time-to-Results Reduced from 85hours to 12hours
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MIMMIMMIMMIMMIM

Efficient MIM Flow

Multiple Instantiated Module Flow

• ECO for MIM

• Hierarchical MIM

• Consolidated Timing Information

Synopsys Confidential Information

DRC rule checking happens for all pins at the same time

Hold margin blocked the fixing

Check All At Once

Blocking Code Shows

ECO pin (max, min)

impacted pin (max, min)

Estimated Timing Post ECO

DRC impact pins
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Customer Success Story of MIM Flow

• Merge ECO Flow user example presented in SNUG 2024

Synopsys Confidential Information

https://www.synopsys.com/community/snug/snug-silicon-valley/location-proceedings-2024.html
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Scope Based ECO Tcl

Scope Based Technology Applied to ECO Phases

Result in Faster TAT, Reduced File Size, Flexibility to Selectively Group Output

Synopsys Confidential Information

ECO

ECO Session

Implement

• scope based

• smaller size

• faster dump time

• block context info

• load faster

• no extra filter needed

• Golden Sign off data

• focused ECO

• simplified fixing scripts

• Easier violation review

• Selective implement

• Checks before apply

• Error version proof

Scope Based ECO
Scope Based

Data Preparation
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Smart Corner Reduction Technologies

Enables Faster TAT and Memory Reduction

• Merge Corner

• Customizable Scenario Definitions

• Corner Pruning

Synopsys Confidential Information
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Seed-Based Clock ECO Improves Timing and Convergence

Better TNS and improved productivity Socionext: TNS Fixing Rate Improved by 18%

• New technology looks at optimal locations along entire 

clock network

• Minimizes # of points where changes need to be made 

(insertion, bypass)

• Looks across multiple stages, applicable to both block or 

cross boundary paths

Seed Base Clock ECO Target Total TNS (setup+hold) and improved 18.4%

by just performing 8 insertion commands
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Unique Metal ECO Transforms Driven Further Timing Closure
Demonstrated ~60% setup TNS improvement at top memory company

Post-Mask Transforms Improve Timing QoR

• Numerous post-mask transforms for improving 

timing QoR

• SpareCell/GateArray/RecyclingCell/ConstantCell/C

ellStealing

• Better setup timing QoR using cell-stealing 

technology

• >60% improvement in setup TNS
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PrimeClosure / Redhawk-SC Dynamic IR-ECO Flow

State of the art Ansys and Synopsys collaboration to ensure convergent last-mile closure

Synopsys Confidential Information

• Incremental Automated IR Drop Update 

MethodologyP&R

PrimeClosure

(IR-ECO)

RedHawk-SC

Signoff

PrimeTime 

Signoff

RedHawk-SC

(DVD 

Analysis)

LIVE CONNECTION

What-if analysis

Changed DVD data

Changed cell data

Incremental DVD update

ECO Route

ECO.tcl

Pre-ECO DVD IR DB

ECO.v + 

ECO.def

Change 

list
or ECO.defor

• IR drop report for each instance

• Aggressor list

• Incremental IR drop update

• Timing/Physical-aware 

cell swapping, flipping, 

Sizing, coldspot positioning
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PrimeClosure/PrimeShield Robustness ECO Flow

Improved design reliability with PrimeShield analysis and PrimeClosure ECO fixing

PrimeShield

PrimeClosure

Voltage Variation

Voltage Slack

Vt Skew

Robustness Variation

Interconnect Variation

Design Variation

HSPICERobustness 

Analysis

ECO

• Integrated with PrimeShield robustness analysis 

PrimeClosure brings superior closure for robustness, 

voltage, parasitic variation, aging analysis improves 

overall design PPA-RA (Power, Performance, Area, 

Robustness, Aging).

Robustness 

Type
ECO Type

smsa f ix 

types 

ECO 

Methodology

Cell Robustness

Variat ion var iat ion

VT_swap + 

s izing
Voltage voltage

Transit ion transit ion

Path 

Robustness

Voltage 

slack

(Vmin)

voltage_slack
VT swap + 

s izing

VT skew

(Mix VT)

vt_skew_setup

vt_skew_hold

VT swap + 

Sizing + 

insert ion

Interconnec

t skew 

(BEOL)

isa_setup

isa_hold   

VT swap 

sizing+insert i

on

DvD-aware 

ECO
setup hold 

VT swap + 

s izing 

+insert ion

Design 

Robustness

POCV 

var iat ion

dva_setup

dva_hold

VT+sizing+

insert ion

Bott leneck bottleneck VT+sizing
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PC UI – Simple and Fully Customizable

Synopsys Confidential Information

# add slackin command for loading ChipTop in every corner

begin_corner S1
set_group -lib -name corner_S1
...
twfin twf.gz
slackin S1/setup_to_pc.rpt
slackin S1/setup_to_pc_ChipTop.rpt –extended_if
slackin S1/hold_to_pc_S1.rpt
slackin S1/hold_to_pc_ChipTop.rpt –extended_if

end_corner S1

begin_corner S2
set_group -lib -name corner_S2
...
twfin twf.gz
slackin S2/setup_to_pc.rpt
slackin S2/setup_to_pc_ChipTop.rpt –extended_if
slackin S2/hold_to_pc_S1.rpt
slackin S2/hold_to_pc_ChipTop.rpt –extended_if

end_corner S2

# put each corner’s ChipTop report in blk collateral directory

# specify the ChipTop report name and hier_prefix options

start_eco -mode smsa -add_slackin_name \
 { {setup_to_pc_ChipTop.rpt “–extended_if”} \
 {hold_to_pc_ChipTop.rpt “–extended_if”} }

# hier-prefix for block instances

sdfin -collateral ./top_timing/ -hier_prefix block1

begin_corner ss_cworst
...
twfin -collateral ./top_timing/ -hier_prefix block1
...
slackin -collateral -setup -hold ./top_timing/-hier_prefix block1
slackin -collateral -max_trans ./top_timing/ -hier_prefix block1

slackin -collateral -setup -hold ./block_timing/ 

...
end_corner ss_cworst

# put each corner’s ChipTop report in blk collateral directory

# specify the ChipTop report name and hier_prefix options

start_eco -mode smsa –hier_prefix block1
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Powerful GUI – Final Stage ECO Solution
Violations analysis through different Views, design analysis through different Maps

C
R

O
S

S
P

R
O

BIN
G INSTAN

T
U

P
D

A
T

E
B

ATCHEDITING
Netlist 

View

Slack 

View

Path 

View

Physical 

View

Schematic 

View

Congestion 

Map

Violation 

Map

Density 

Map

Timing 

Map

IR 

Map

DP 

Map

SP 

Map

Toggle 

Map

Clear blocking messages for 

un-fixable violations

Versatile and interactive 

editing in all views

Very easy flow control and 

maintenance
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Summary: 

PrimeClosure Delivers Best PPA Recovery with Signoff QoR

Synopsys Confidential Information

MCMM architecture to handle B+ instance designs, and deliver lower cost-per-run 

Efficient resource utilization for multi-billion instance designs

100% PrimeTime accurate QoR reduces ECO iterations

Seamless convergence with P&R with signoff accuracy

High Capacity to handle 100's of block with mixed PNR solution
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