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Slowing down in Moore's Law, More than Moore

Extending Moore’s law by upgrading hardware has hit physical or 

economic limitations:

• Making of "point tools" has become more challenging.

• IC manufacturing processes have become more and more 

complicated and expensive .

• The Result: monopoly in IC supply chain, winners take the largest 

profit.

EUV: Only one vendor !

Hardware based Moore's Law is ended.  Crisis, but also 

opportunity for Holistic Process Optimization ! 
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Complexity and pain points in design and manufacturing CoOp

Data sharing and comprehensive optimization of design and manufacturing are the key to shorten R&D cycle and achieve yield 

up and cost down

◼ Complex of processes involving multiple parties

◼ Amount of data related to process quality reached humongous level beyond capacity of current system

◼ The PDK no longer accurately and timely represents the manufacturing capacity of a given fab

◼ Yield is heavily rely on engineers' experiences in both fab and in fabless
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Yield predictability becomes key factor of shortening R&D cycle
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◼ Large spread of measured vs. designed resulting more iterations, longer yield ramping, eventually increasing chip cost and time-to-market.

◼ Also small spread means possibility for less matured tech node to support better chip performance
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Achieving an AI-Based Ultimate DTCO Flow

Design Stage R&D stage

Massive Production

From Art → Science → Intelligence

Experienced-Based “ART”

to

Computational-Based“SCIENCE”

to

AI-Based“INTELLIGENCE”
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HPOTM ：Seamless connection between design and manufacturing, platform 

for an ultimate DTCO

China patent: A comprehensive optimization equipment and method for design and manufacture of large-scale 

integrated circuits,

Application Number：CN201511019096.7， Application date ：2015.12.30， Priority date：2014.12.31

• Feedforward（Yield Optimization）：Design 

for yield

• Feedback(Design Optimization)：Design 

optimization based on inspection and big data 

analysis, reduction in design iterations.

• HPOTM connects design data, process 

modeling and inspection data, makes data 

exchange easier for DTCO （Design-

Technology Co-Optimization）.

The basic functional modules of HPOTM

Bi-Directional data exchange becomes increasingly important as design rule shrinks!

Fabless designers need more visibilities inside the manufacturing floor!
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Key Components: Making yield computable, visible, measurable, globally 

optimal

Maximize usage in huge amount of data 

during process through out design and 

manufacturing processesGlobal optimization

Design, manufacturing and yield 

management use an uniform language 

and measure for optimization scoring

Annotation

Nano-meter resolution imaging system 

+  inspection/metrology algorithm in 

manufacturing processes

Visualization

Simulation, modeling and libraries for 

emulating physics in IC making
Digitalization

Seamless connection between 

processes virtually through cloud or 

other platforms

Connection
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Foundation and tools for establishing the HPOTM Platform

PanGen series computational lithography products:

adopted by advanced IDM and foundries.
Enable digitization 、optimization and connection 

in chip making

OPC/RET/oDAS

SEpA ixx series SEM products

Available for 28nm devices used in physical and VC 

defect inspections.

Enable visualization in chip making

EBI

SEpA cxx series SEM products:

Available for 28nm devices.

Under  evaluation at an advanced foundry 

Enable visualization in chip making

CD-SEM

SEpA rxx series SEM products:

Available for  3D-NAND、DRAM devices

Under  evaluation at an advanced foundry 

Enable visualization in chip making

DR-SEM

HXOPT  full flow  P&R tool:

Comparable PPA to commercial tools, 

Enable optimization and connection in chip making 

Place & Route

Defect Management System

Yield Management System

Design Based Measurement, Inspection and Defect 

Analysis

Enable annotation and connection in chip making

YieldBook

DJEL is a only company that provides P&R 、OPC 、 Metrology/Inspection and Yield Management 

system and tools， this uniqueness allow us to do things differently.
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Holistic Process Optimization:  EDA-Plus  &  CM/I

Floorplan

Placement

CTS

Routing

STA

Sign Off

RTL/Netlist

Design GDS MPT
Mask 

Optimization
LRC MDP

Modeling

Optimize Process 
Params

SMO

Making Reticle

EBI              CD-SEM          DR-SEMYield BOOK

EDA+ :“P&R + OPC & Metrology” 
→ True DTCO !

CM/I:  Smart Metrology 
guided by design and OPC

HPO
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• Obtain accurate ADI contour from original 

design

• Fast and direct lithography feedback to 

designer

• Seamlessly integrated with PanGen OPC 

Platform

• D2C AI model can be directly calibrated 

based on PanGen full chip OPC solution
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Note: D2C can further extend to etch modeling and  HotSpot modeling  …

D2C：Fast Feedback From Process to Designer
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Accurate and Fast Lithography Feedback

NO.
Simulation

Condition

GDS

SIZE(um)

Accuracy (nm)
(Sigma of the Contour  to Contour 

Differences )

LRC Defect Count
(With FAB sign off spec)

1 NC 4000*4500
(Full Chip 

Xiangshan 28nm)

0.63

0
（Same Sign off 

LRC results）

2 NF40 0.64

3 PF40 0.65

4 PD+3% 0.67

5 ND+3% 0.65

0
20
40
60

D2C Full OPC Recipe

~ 1/60  RUN TIME

OPC

D2C

NC
(Metal)

PW
(metal)

PV Band:5.26nm

PV Band:5.40nm

PV Band:3.43nm

PV Band:3.52nm

OPC

D2C

NC
(Via)

PW
(via)

PV Band:4.80 
nm

PV Band:4.82 nm

PV Band:3.50 nm

PV Band:3.23 nm



DJEL Confidential

HPOTM EDA-Plus:  From DMO, DFO to TAR
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HPOTM EDA-Plus improves the Yield

Baseline

pinch defect defect clean

bridge defect defect clean

Baseline EDA+ (Rerouted)

Full chip Defects after OPC are greatly reduced by  Rerouting

XianShan 28nm M2 full chip

GDS size: 

4000 um * 4500 um
Strict Metal Bridging Spec:  

45.0 nm (under PW conditions)

FAB Metal  Bridging Spec:  

42.5 nm (under PW conditions)

Defocus Delta Dose

0 0

40 nm 0

- 40 nm 0

0 3%

0 -3%

pinch defect defect clean

bridge defect defect clean

Rerouted Baseline Rerouted
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HPOTM EDA-Plus improves the Yield cont

Initial defect Local mask Repair
Local Design

Optimization
Final defect

Original Design 20361

DMO 

Design
6581(-13780) 4702(-1879) 3466(-1236) 3466

83% ⬇

68% ⬇

The case is based on XianShan 28nm M2 full chip

Original 

Design
Mask

DMO Design

DMO: Litho-Friendly Routing

Based on D2C
OPC Recipe

Mask

Local 

mask Repair

Local 

Design Optimization

Comparison with LRC 

Results

OPC Recipe
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HPOTM EDA-Plus improves the chip performance

18

Critical path  

D2C

Timing 

Aware 

Retargeting

Timing Improved for the critical paths 
(picosecond) 

Critical path

D2C Check

Critical path 

D2C Check D2C Check D2C Check

Critical path Critical path

1.86 1.57 1.19 1.17

1 2 3 4



Outline

01

02

03

04

Introduction to HPOTM EDA-Plus

Practice on HPOTM EDA-Plus:  DMO, DFO, TAR

Conclusions

Challenges and opportunities in IC Making



DJEL Confidential

HPOTM EDA-Plus: Designer’s Intend To Good Chip (D2GC) 

 Slowing down of Moore’s law provided opportunities for innovation in advanced IC 

Making

 HPOTM EDA-Plus platform enables seamless connection between design and 

manufacturing to achieve ultimate DTCO, and AI-Based Chip Making 

 HPOTM EDA-Plus has show promising results in improving yield and chip performance 

 We will continue our efforts to add more tools in HPOTM EDA-Plus system,  finally build 

an innovative infrastructure for Yield up & Cost Down in IC making
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