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Calibre is the Market Leader for Entire Post Tape
Out Flow
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Calibre Production OPC (SRAF, OPC, OPCV) Flow
Spans Multiple Process Nodes
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Calibre PTO flow / tool mapping

DesignREV Calibre Hierarchical Engine — SVRF/TVF

Filemerge
DRC DRC DRC OPCpro DRC FRACTURE
SmartFill OPCBIAS OPCSBAR  nmOPC LITHO MPC
PM nmBIAS cnSraf
CMP DFM mbSraf
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Calibre DESIGNrev
Fast GDSII & OASIS Viewer and Editor

Measurements Chip Assembly

Full-chip debug
—— ﬁ
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Reduce Time with DESIGNrev Filemerge

IC Compiler - LayoutWindow.1 - Block Implementation - usbf_top.CEL:2 [write]
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Click objects or drag a box to select (Hol 356,998, 459.983

m Direct read decouples the stream-out from the design tool
m DESIGNTrev filemerge is superior in speed and flexibility

— Specific functionality for library conflicts
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Customer Success Story

m Problem: Use P&R or layout editor take HOURS to merge
— Analog design in layout editors ( Virtuoso , Laker)

— Toplevel routing in P&R tool (ICC, EDI )

— Resulting in hundreds of libraries with a couple GB in size

m DESIGNrev’'s filemerge flow: turn hours into minutes

Merged Database Technology Virtuoso Merge | DESIGNrev Savings
Size Node layout filemerge
552 MB in GDS format | 7 nm 25 min 1 min 96 %
25 GB in GDS format 28 NM 20 hours 15 min 98%
19.5 hours

Manufacturing @ MIET, January 2019

© Mentor Graphics Corp.  Company Confidential

Siemens Business



Configurable GUI with Custom Functionalities

Eile Edit Yiew Layer Ohbject Toolz Options Verification Macros § DEY_Utilities

m Supports the open standard TCL/TK macro language for extensive

tool customization

m User-built menu items to provide easy access to custom

functionality such as scripts

Calibre DESIGNrev v2017.1_35.34 -- mix.oas
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CMP Virtual Manufacturing World

Design World

Manufacturing World

P ’ Measurements
Build WS fom\Wafers : Calibre

Wafel‘S - - Layout
(CMP) Extraction

YieldEnhancer
SmartFill
[Seabi]

Calibration

WorkBench &
CMPAnNalyzer

PrOCESS
Steps/bata

CMP Model Builder

Calibre Extraction or 3" party solutions

CMP Analyzer
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Calibre SmartFill

m Achieves density requirements

“fmifild = OFM FILL metall [ { AREAtmetall} + AREAC__FILL__» } / AREA(X 1 > 0.3
GRADIENT < 0,1 ABSOLUTE WINDOW 5 5[]
IMSIDE OF EXTEWT /¢  MWRAP LAYER miFR1
FILLSHAPE 0 0 .36 0 .36 ,36 0 ,36 STEP ,12 .12 EFFORT eff SPACE 640 metall SHAPESPACE ml_space

Pre—_FiII | Post-Fill

o
&

FILLSHAPE 0 0 .36 0 .36 ,12 0 ,12 STEP ,12 .12 EFFORT off SPACE ,360 metall SHAPESPACE nl_space
FILLSHAPE 0 0 .12 0 .12 36 O ,36 STEF .12 .12 EFFORT eff SPACE 360 metall SHAPESPACE ml_space
FILLSHAPE 0 0 .12 0 .12 ,12 0 ,12 STEP ,12 .12 EFFORT eff SPACE ,120 metall SHAPESPACE ml_space
FILLSHAPE 0 0 .12 0 .12 .12 O .12 STEP .12 .12 EFFORT 4 SPACE ,120 metall

m
Ll

m With less fillshapes

normalized 5 = SmartFill

number 2% E Dummykill
of fillshapes s

Design 1 Design 2 Design.3 Design.4
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Supported patterns

Multi-shape fills 3D fills
su \ §
SR
Autorotate stretch fills | Flexible stack fills

’ e.g. VIAX

__/

\
/%

AN NN NN

/mm
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SmartFill reduces the timing impact

Nunber of Endpoints

Endpoint 5lack Difference Distribution
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Source: Mentor Graphics
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a
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RETARGETING



Accurate, Efficient and Easy to Use Biasing Engine

Smom®

Smart MaskERule
Blasmg

Check (MRC)|

Controq;?i;

1400

O 1500 - —*OPCBIAS

2 looo . oS {;Lﬁemnﬁgje Rule table interpolation

£ 800 | B B Table format scripting

[ 600 - o . ) o

= 400 B Biasing until reaching minimum

® 200 space or width constraints

0 0 o 100 B Tag-based biasing and controls

Performance .o count Ease-of-Use
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Retargeting with nmBias

| Detalled MRC Controls Automated and Opt|ona| Smoothlng Up-size Via to meet Min-Area spec.

Dummy via ::I_- I
\

Marker -
Final output

Fast Distributed Processing Via Shifting to Maximize Coverage
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800 1
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400

200
0

Real Time, sec

0 50 100
CPU count
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Pattern Matching For Retargeting

m Retargeting Definitions
— Via doubling =» considered part of fill flows

— Edge movement for Pre-OPC
— Most customers use DRC/YE/PM property approach
— In addition to PM, nmBIAS or both

_ Foundryl Foundry2 Foundry3 Foundry4

Tools DRC/YE/PM/nmBIAS DRC/YE/PM/nmBIAS DRC/YE/PM/nmBIAS DRC/YE/PM
Property based driven by hotspot locations, computational approach that Property based
Overview calculation and PM to do explore solutions & weighs the patterns & calculation and edge
edge movement replacements corresponding fixes movement

— OPC retargeting for lithography process =» correcting and imaging

m Natural evolution = Foundry4 to use PM in retargeting:
— PM can be used to catch corner cases —simplify the DRC SVRF-
— Detect problematic patterns (learning process; previous designs, LSG, PVG ... etc)

© Mentor Graphics Corp.  Company Confidential Menb'm |
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SRAF SOLUTIONS



Overview Calibre SRAF Tools

a Calibre nmSRAF License I
4 OPCsbar A cnSRAF MmbSRAF
= First Generation Tool » Released in 2010.1 = Released in 2011.3
= Rule-Based = Template-Based = Model-Based SRAF
SRAF Insertion SRAF Insertion Insertion

(&

OPCsbar target edge classification placement

cnSRAF edge_template-based placement
— placement can manually be Inverse Lithography tool (ILT) based
— best flexibility for capturing shape requirements

MbSRAF process model “gradient” placement

Calibre nmSRAF license can invoke all three SRAF tools.

© Mentor Graphics Corp.  Company Confidential Menbr@ |
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Model and Rules Based SRAF Solutions

Modelbased SRAFs

SRAFs placed automatically by model-driven
objective function.

Advantages: Simple recipe setup, maximum
SRAF coverage of complex 2D geometries.
Only ~25% slower than Rulesbased.

Application: Any complex 2D Logic Layouts
(Cont/Via/Metals).

21 Manufacturing @ MIET, January 2019

Rulesbased SRAFs

SRAF placement is tuned to ILT mask
shapes.

Advantages: Perfectly consistent and
deterministic placement.

Application: Ideal for memory arrays, or
any situation where perfect consistency is
required.

© Mentor Graphics Corp.  Company Confidential
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Model Assisted Template Extractor (MATE)

m MATE was targeted to accelerate the initial SRAF recipe generation,
successfully reduced the recipe time from 5 days to 1 day.

m Detailed MATE flow is shown below:

YRR amewER ° Layout library building

Solution e pxOPC solution
Generation for generation

Layout Library

e Rules extraction for number
of SRAF

e Rules extraction for SRAF
width and offset

Rule Extraction

e Edge classification

Recipe :
Gener{!‘)tion ® CI’]SRAF FECIpe
generation
© Mentor Graphics Corp.  Company Confidential Menb'm |

Manufacturing @ MIET, January 2019 A siemens Bus



Current Manufacturing Strategy & Usage

T G O O Rule based SRAF templates created = [ | = |
to “match” ILT SRAF placement, e
followed by model based template I i
to fill gaps in coverage —— ——— ———

)

Complete SRAF coverage obtained using a hybrid combination of
Precise Rule based templates + Model based FILL template

v’ Comparable litho performance to ILT = pxOPC used as reference for Rule generation.
v’ Faster Recipe Creation—> “MATE” Flow reduces rulesbased SRAF recipe creation time by 5X.
v’ Performance Benefits = Rule based runtime advantage.

v’ Customer’s Success = Multiple customers using MATE+CNSRAF today.

© Mentor Graphics Corp.  Company Confidential Menb'w |
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OPC




Mentor Solutions Span All Technology Needs

—— 1 « 180 nm node
= ple ]« Proximity effects are
S0 Ll (R M translated into rules
= = ] * Models for verification

(4 )
Calibre
OPCpro

Rule-Based

150nm . _
Frist generation model-

based OPC solution
Sparse OPC solution for
180nm - 65nm nodes

130nm

110nm

Dense OPC solution for
65nm node and smaller
Grid based simulation

20nm

 Next Generation Inverse
Lithography

Model-Based OPC Solutions

0
0000 I

10nm
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Sparse vs Dense Simulation

m OPCpro Simulates and measures at
sparse locations.
— One simulation site per-fragment
only.

m Convolution of SOCS Kernels in spatial
domain.

m Run time depends on number of
fragments.

= nmOPC Simulates on a grid.
— Multiple simulation sites per
fragment.

Image is computed in frequency domain.

Run time depends on area and pixel
size.

Manufacturing @ MIET, January 2019
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. PWOPC in Calibre nmOPC

m Maximizing process window by including dose/focus/mask conditions, and
measuring/controlling CD width/space.

* User-defined process conditions
« User-selectable tags
 User-controlled tolerances for:

* Nominal condition EPE
* Minimum CD width

wn
@
—
>
i
O
Q
L
)
pVZ

* Minimum CD space

PWOPC Runtime

()
E 2
=
=z
-O 1
Q
N
©
£ 0
(@]
=

1

3
Number of Process Conditions
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WORKbench Provides an Easy to Use Environment

Calibre WORKbench e

Fde Edt Mew Lwer Cbert Toos ptoms Mares

T T —
T8 AN ¥ Er 2l F
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eucismn
Bz e

Bt_ase MH_OPC_YICZE_OPC 0t
w o 5 o5

il (1} oz

* Tools | Litho Optics

W

== ==-=-==

: Layout Diff...
E=tract Met

e st o] arew cned | 20 21 WML RYE

R Interface with Calibre Tools —

MOP Fracture GUI..

for Rapid Testing

Metrology Tool...
- RET Flow Tool: OPC demo flow (nmOPC.setup)

- ox

File Edit Yiew Tools

&5 Simulation - ~ £ a " - cear

RET Flow. oPC FI T M&P | ReCutline |  Frag Default Clear Layers fureep >

5 orcamanen [Gpens- s Optons=| Dptons<| Optens<| Optns= B
L) b sch [ Exdra Output EW Guagst Corfouw Qpics CMI VER Renote
ST et e | OPC Results Iterations: @ Al Range I Coior _| opics O Tlg ow: 0 8 7% v ole r|,; o 2

i p— | Contour Rerations: @ Al < Last <, Range I Pre-0pC 1 I It h 0 SI m u I a tl o n a n d
] opoventy setup _| Fragtent Markers  Iterations: @ All « Last . Range _I Pre-0PC |

Sep Fie Browse | View
— Output Layer(s) Option ML byt i Bowe | Vi
-
e T Ifthe output layers already exist I - E R
> | mppend @ Replace - Ask hefare running v Marginal o e
Wargnal Reladve o1 &
Vaugnsl Aoy o1 & PP
odelpath fuodels egismn 1 & O thomosel oy eromusel_o
optical model load opt0 optics MugoaiDoselat 1 & Optcs )
resistpolyfile resist.mo AReMCaS 1 CMI (tagel)
e~ Ve paged)
minedgelength 0.0925

naxedgelength 1
interfeature -interdistance 0. 500

hackground

10
Generate Update layer 200 finalmask 17 0 ops 0 1 It '

Setup Layers Mapping

Setup B # - Nam

Layers Mapping

Creates 2 new [itho flow

Model Development

g—J Graphics Corp.  Company Confidential Menb'm
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OPCverify: Lithographic Verification Avoids Costly Re-Spins

29

m Problems caught at the earliest

Lithography related problems pOSSibIe Stage
fail m Best achievable yield without re-spin
== m Eliminate delays caused by Litho
failures
L
pass

© 2010 Mentor Graphics Corp. Company Confidential ME
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Calibre OPCVerify Detects All Potential Yield
Issues with Predictable TAT

m Full-chip simulation of the printed mask before tapeout is required
to verify the litho process

m Optical dense simulation based engine guarantees 100% coverage
— Any defect, anywhere on the chip, in any orientation

] Contactrl_?v'erlap

7
N
( @ 1 |
\ /

-~
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MRC: Just another set of DRC operations

LAYER AA 1
LAYER BB 2
LAYER CC 3

//Boolean operation / sizing
combined = ((SIZE AA BY 0.01 ) NOT (SIZE BB BY -0.01)) OR CC

// Model based OPC
combined opc= LITHO OPC FILE "./setup opc.in" combined

//MRC: width violation < 0.15, space violation < 0.15
violation width { INTERNAL combined opc < 0.15 REGION}
violation space { EXTERNAL combined opc < 0.15 REGION}

// Fracturing

fracturel {FRACTURE MEBES combined opc INSIDE OF 0 0 2500 4000 FILE [
magnify 4

mode 4

address_size 0.025

file name TESTXXXXX.0

]
}

© Mentor Graphics Corp.  Company Confidential Menb'm
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FRACTURE
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Calibre MDP Overview

Introduced in 2002

In production at advanced nodes — over 10,000 licenses deployed
Hierarchical, integrated processing

Highly scalable through direct I/O and section-based processing
Embedded SVRF adds geometry processing within fracture command
Comprehensive suite of support tools and utilities

Multi-dose format support

Current focus of enhancements

— Continuous improvement of runtime, quality of results, file size, shot count, and
scalability

— Support for new fracture formats (such as multi-beam)

© Mentor Graphics Corp.  Company Confidential Menb'm |
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Calibre MDP toolset

m Fracture — FRACTUREm, FRACTUREY, ..

— Hierarchical, hybrid and section based’ processmg mode
— Customized fracture algorithm for specific mask writing machines
— Data quality control features

m MDPverify
— Verification against the original input data for data integrity verification
— <format>2db and <format>2<format> - e.g. MEBES2DB, MEBES2JEOL
— Error post processing

= Viewing - MDPview |
— Viewing and overlay of pattern files and jobdecks with other formats |
—

Tﬂi
—H_
[1] |

— Disk based viewing and indexin% functions for faster access

— Support for extended MEBES jobdecks with OASIS pattern files

m MDP utilities
— Multi-threaded translation of all formats into OASIS K
(<format>2o0asis)
— Global data quality statistics E

m MDPstats
— Data quality statistics — outside small features and pattern splits counting

@ﬁ TE :

[

Example MEBES data

© Mentor Graphics Corp.  Company Confidential Menbr@
Manufacturing @ MIET, January 2019 A siemens Bus



FLOW & ENGINE



Calibre OPC/MDP Integrated Flow

— —

Calibre Hierarchical Database

I

BN XOR
Verification

Layer
rivations -------- /

File overlay and
Calibre Results

\&ewing Environmery

© Mentor Graphics Corp.  Company Confidential Menbr@ |
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Calibre PTO integrated run deck

LAYER AA 1
LAYER BB 2
LAYER CC 3

//Boolean operation / sizing
combined = ((SIZE AA BY 0.01 ) NOT (SIZE BB BY -0.01)) OR CC

// Model based OPC
combined opc= LITHO OPC FILE "./setup opc.in" combined

//MRC: width violation < 0.15, space violation < 0.15
violation width { INTERNAL combined opc < 0.15 REGION}
violation space { EXTERNAL combined opc < 0.15 REGION}

// Fracturing

fracturel {FRACTURE MEBES combined opc INSIDE OF 0 0 2500 400

Boolean
Operations

OPC
Operations

Mask
Rule Checking

magnify 4 Fracture

mode 4 Operation
address_size 0.025 )

file name TEsTxxxxx.0 — Internal layer passed from one operation to another
: — Input: GDSII file - single read file operation

}

— Output: MEBES file - single write file operation, no GDSII

ﬁ |e generated © Mentor Graphics Corp.
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Current Scalability Bottlenecks in PTO Flows

m Sequential execution of operations
— Intermediate layers bottleneck

m Insufficient independent data for parallel computation
— Hierarchical cells bottleneck

m Time to read data in/out.

Time (Hrs)
4

Tifme (Hrs)
100

OPC flow | =T Pre-OPC flow

T
UUUUU

T
00000
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What Limits PTOF Scalability?
[1] Insufﬁaent CeIIs/Tlles for Partltlonmg

GO0 F00

Manufacturing @ MIET, January 2019

Informati
Log File Mame run.log
Calibre Version v2015.2_0.36 (pre-production) Run Starting Date Wed Jan 28 23:05:00 2015
Master CPUs 16 on ip-139-181-186-41 Licensed Max 3200

License: d Min 3200 Scaling 1,184.49

Run Status Completed with 0 errors | Refresh

Real Time 17,772 (Secs) = 4.94 (Hr
Calibre is a

Summary \ Joh \ Results \ Operations \ Operations Graph \ Scaling \ Layers \ Tools \ PlacementSummary \ Lith

0 \ Messages \ SVRF \ Transc

hierarchical

— Operations Graph

100

FGC/HGC =

| @ measure of |

hierarchy

—= engine

- Insufficient
independent

- cells for

L parallelization

I I I E T o
200 300 400 =500 U0

T
700
Ops Id

I
00

I
400

I
1000

I I T I
100 1200 1300 1400

Extracting... | 0%

=
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What Limits PTOF Scalability?
[2] — Operation Dependency

Load = active core

Ceiling

|

Hierarchical + | U
Operational
dependency

Operation
dependency

T \ T
nnnnnnnnnn
Time (Secs)

© Mentor Graphics Corp.  Company Confidential Menb'm
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What Limits PTOF Scalability?
[3] — Operations with Limited Scalability

Some operations are intrinsically non-scalable

Time (Hrs) Time {Hrs)
10 20 1] 10

\\\\\\\\\\\\\
0000000000000000000000000000000

m Quite often, long-range operations like DP Decomposition,
CONNECT, INTERACT are difficult to scale.

LongHDB | | Long output | o
| construction | | time
8 hours
M
' 10 hours
M
* il L (1

© Mentor Graphics Corp. Company Confidential
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PTOF Solutions:
Quasi Flat/Hier Processing

1
ur

Fal]

inside 64x64 bins, otherwise are
expanded until they can be placed into
the bin.

m “Mostly Flat”
m Best for flat incoming data.

= Turbo Flex - Same as Ultra Flex except -L
some cells crossing the 64x64 bins’ s b
boundary are preserved.

m "Mostly Hierarchical”

= I'-_“

E= Q- np

W_Tn
— =
]

—
™
k

1

m Best for hier. incoming data.

m Both provide more data partitions to
distribute & scale.

||l'ul"|l|J|

i i;;;i}:i;
_ﬂi:‘- MG E.Hﬂ-"' 7| g
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PTOF Solutions:

Hyperscaling
m Calibre engine processes the
0 9 G operations serially
— There are some rearrangement
Q G to minimize the memory usage

m Independent operations can
/ be processed in parallel
m Hyperscaling
— Determine the independent
operation paths

— Create pseudo engines and
process the independent paths

@ @f \® in parallel

© Mentor Graphics Corp.  Company Confidential
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Calibre PTOF solutions:
TURBO FLEX with Multi-core cells

m Enhanced TURBO FLEX mode to detect multi-core instances
— The multi-core cells are processed hierarchically, resulting in reduced
effective area and consistent output across each core

| B | cena | Cell & | e | | | Cal
callc . _ END cv_2
‘ E a | " Vs Effective MC-Cell
o CORE [Ccerc ] CORE o — -
8 cellC 3 : - - 7 :2_: Area to Process
Cell
- 2‘ : : :I E‘ \C\.’_S ICV_4 :l
CORE CORE = . :Zt_z :E:_Z . \cv:s ICV:G  — Mc-ce" Area
° ¢ ¢ _ _ Processed for free
C=ll
Area for TURBOFLEX
CORE CORE )
% E 2 cell processing
7 2
Cell
cell A | cana | [ cena | Call A | cena | | |
© Mentor Graphics Corp.  Company Confidential Menb'w
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Calibre PTOF Solutions: Multi-Core Benefits

Demonstrated

m Calibre nmOPC utilizes the processed area savings from multi-core benefit to

significantly reduce computation time

Pre-OPC

14nm Pre-0OPC Processed Area with TURBOFLEX
Multiple chips, total area= 1211mm?
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W Processed Area W Free Area

8-Core CPU

100%

OPC

OPC Computation Relative to Flat Mode Processing
14nm M1 Quad-Core GPU

53% Computation Savings
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