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Is Curvy Design an Opportunity, or a Dream?

D2S Patented Technology. « Copyright 2018-2022, D28, Inc. D2S® and TrueMask® are US-registered trademarks of D2S, Inc. in
US. TrueMask® and TrueModel® are registered trademarks of D2S, Inc. in US, Japan, Korea, China and Taiwan.




Today’s GPU Workstation = 8,000 Cray-2s

60,000,000x Price Performance
It’s time to rethink EDA

Cray-2 (1985) nVIDIA RTX 3090 Ti (2021)
1.9 GFLOPS w/500MB @ $15M 15,300 GFLOPS w/24GB @ $2,000



Computation Choices Impact Execution Choices

Today’s Semiconductor Design Choices The Future Semiconductor Design Could Choose Now




Once Upon a Time, Rectangles Served a Purpose

..’-. ‘.

REEme: o=

] Il " | ~ a

: { | +I| h ! l . . . l ’
] 1 H
1 il M

- - T Tt S e 3 o T ;

Illl L[ I 1987 \

-
e —
[(TT 1T _I]1] - iim

=] ER

— 71 T1 - CaPm
; i =y s | I oo
B T et b hns sy
—

DEF, LEF, ECO, ...

Edge-based, Manhattan design assumptions made design easier, and most
importantly, were a practical fit for the computation available at the time
But times (and computing) have changed...
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Wafers are Exposed by Masks

photomask § ‘ o

Variable Shaped Beam (VSB) Mask Writing

l Electron Gun

1%t Aperture
Resolution of 193i =
193nm wavelength 2¢ Aperture
1.35 Numerical Aperture
7/ Demagnification

- I Source: ASML



EUV: Still Wafers are Exposed by Masks

EUV light
(A=13.5nm)

eg. Incident angle
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+LR layer

*Absorber

*Capping layer

* Multi layer Fn%\ék

+Substrate
+Back Side Coating
“Electrostatic Chuck

Multi-Beam Mask Writing

Source: ASML 256K square apertures

for electron beam writing
of masks

Resolution of EUV =

13.5nm wavelength
0.33 Numerical Aperture Source: NuFlare
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Multi-beam Mask Writing Has Enabled Curvy Masks
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Multi-beam mask writer
e Generates too many shots e Designed for curvilinear ILT
e Takes too long to write e \Writes any shape in constant time




ILT is Software that Computes Mask Shapes
Generates Curvilinear Masks for Multi-beam Writing
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Design (Wafer Target) . . @

Curvilinear ILT (Mask Target)




Key to Manufacturing is Resilience to Variation
Shortest hole on PGA Tour is a Difficult Par 3

Pebble Beach GL - Hole 7 - Par I

Il Eagles and better
Birdies
Pars
Bogeys and worse

Hole Pebble Beach (107-yd, Hard Par 3)
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/tual Yardage:
oracard Yardaga.

Shot Dispersion of Pros in 2016
25 birdies; 153 pars; 32 bogeys; 8 Doubles




Curvy Masks: More Resilient to Manufacturing Variation

Curvilinear ILT vs. Standard OPC: First-to-fail site

Intensity Threshold
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Curvilinear ILT

Source: Micron, ILT Curvilinear Mask Designs for Advanced Memory (ebeam.org)

PV Band

0, 60, 90nm defocus
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Manufacturing Now Enables New Choices:
Curvilinear Masks Are Here Today

Micron Shows Curvilinear ILT Mask Written by NuFlare
Multi-Beam Writer MBM-1000 with High Pattern Fidelity

Blue outline =
Mask Data

= Pattern fidelity is
not a concern,

even with Curvilinear Shapes to be Pervasive by 2023 e Beanl

aggressive AFs
94% of 193i, 85% of EUV masks with some curvilinear shapes elve.

= In collaboration

;i]tg S:SF k;;fitten Manufacturing of curvilinear masks is enabled by multi-beam mask writers. How extensively will curvilinear
: shapes be used for leading-edge (EUV, 193i) masks intended for high volume manufacturing (HVM) by 2023?
on MBM-1000
M entire reticles of curvilinear shapes
¥ a hybrid of mostly curvilinear sh: nd Manhattan shapes
OVer'ay Of Mas'( Data and MaSK SEM wa hvbrirlofm:sﬂv:lll‘anha":t:nss:::s;n:os::e :nvi:inearsshapes
1 MCI‘OI’I M only Manhattan shapes including 45 degree shapes

Ezequiel Russell

193i Masks n=68 EUV Masks n=61




Both 193i and EUV Will Use Curvy Masks

Masks are written by data
Wafers are written by masks

Curvy masks can be written just as
accurately and just as quickly for
the same cost:
e Curvy data format with SEMI
* Pixel-based GPU-accelerated
datapath for:
* Mask process correction (MPC)

* Mask rules check (MRC)

D2S PATENTED TECHNOLOGY
Copyright 2018-2022, D25, Inc.

Curvilinear Shapes to be Pervasive by 2023

® Bean|

94% of 193i, 85% of EUV masks with some curvilinear shapes

Manufacturing of curvilinear masks is enabled by multi-beam mask writers. How extensively will curvilinear
shapes be used for leading-edge (EUV, 193i) masks intended for high volume manufacturing (HVM) by 2023?

Fl entire reticles of curvilinear shapes

| Ma hybrid of mostly curvilinear shapes and some Manhattan shapes ‘
¥ a hybrid of mostly Manhattan shapes with some curvilinear shapes
B only Manhattan shapes including 45 degree shapes |

193i Masks n=68

EUV Masks

Initiative

——y

n=61
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Manufacturing Has Been Trailblazing:
Curvy MRC Shows Simplified Curvy DRC is Known-Feasible
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Manufacturing Has Been Trailblazing:
Mask Process Correction and Bias In Pixel Domain

C-pattern

— —————

CDx8

H.Matsumoto et al, SPIE Vol.11324-20 (2020)

Wfern. Somed The Londeg Bigr

NuFlare’s Multi-Beam Mask Writer has:

* Linearity Correction including for Curvy Masks
* Edge Enhancement including for Curvy Masks
e Every pixel enhanced

* Real time while writing (only possible inline
w/GPU)

For masks, everything is handled flat, too

So, we know that similar things in the
wafer design domain are also feasible




Manufacturing Has Been Trailblazing:
Curvy Designs (Wafer Targets) can be Manufactured Now
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Curvy Masks

GPU Acceleration



“Curvy Design” Means Curvy Connections
Mask Shapes are All Curvilinear

LA \)

Manhattan Design Non-Manhattan Design Curvy Design Curvy Design




Intuitively, the Efficiency of Curves Makes Sense

D2S PATENTED TECHNOLOGY
Copyright 2018-2022, D25, Inc.
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Curvy Design is Manufacturing-Aware Design

Knowing what will be manufactured
* Removes complex design rules
* Tightens process corners with
per-instance parasitic bounds

Manufacturing target is achievable

Curvy design is more reliably
manufacturable

Gains in
Performance
Power
Area
Yield




Could Curvy Routing Substantially Reduce Vias?

-

High-rise buildings have nothing on the
first floor but elevator shafts

Chips have the same problem with vias
Most chips are interconnect-limited

Is it time to break the Manhattan
assumption?




Four Things Needed to Enable Curvy Design
General Perception: “Everything has to Change”

Routing

Parasitic Extraction




Imagine DAC 2025...

Engineering Track: Backend Design: Early Results in Curvy Design
1:30-1:45 “Routing without the Manhattan assumption”

1:45-2:00 “Custom layout for curvy shapes”

2:00-2:15 “Fast DRC of curvy designs”

2:15-2:30 “Capacitance extraction of curvy designs”

2:30-2:45 “Reducing power using curvy designs”




Future: Curvy Design Everywhere
Much Closer to “What You Design is What You Get”

Design Manufacturing







