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& Genldys The Metrology Challenge

Advancing the Standard

Various dedicated and Metrology with a
optimized lithography tools versatile microscope...?

Specialized and fully
automatic CD-SEM

Image AMAT webpage

Images vendor webpages J
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Applications vs. Limitations

Growing Customers and Use Cases Open SEM Requirements
* Large R&D institutes or nano centers * Hand-drawn cursors
* Small batch manufacturing companies e Subjective and operator dependent
* E-beam, laser, optical, and imprint litho e Tedious and time-consuming
e Micro/ nano fabrication processes & devices * Inconsistent and no statistics

e Calibration, monitoring, optimization

32.8nm
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~ GenISys / Process Calibration, Checks, Modelling ...

isolated

Determining process and | _

of large number of SEM images

Expose calibration pattern
e Dose scaling
* Density of shapes

high dose

Evaluation with numerous images
e Scan images automatically
* Measure line width
* Analyze data

dense
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@ Gen Sys / Metrology Solutions

INSPEC

SEM Metrology & Integrated SEM Metrology &
Automation Software Inspection Upgrade Kit

—> Fully launched package - New product in pilot phase
including SEM interfacing —> Launch planned for June
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digital I/F SEM PC =

SW for SEM Image
Analysis & Metrology

Easy-to-use Offline
Software Package

Optional Automation via
digital PC interface
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User Interface with CAD layout

Display area for image and layout
Viewer functionality integrated

Metrology job with measurements
corresponding to layout

Used for navigation and automated
SEM image acquisition

- Enables advanced SEM
investigation of nano patterns

- Automated layout-based SEM
image acquisition and metrology

Layout & SEM Automation

d
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Match positions and coordinate systems

* Use 3 markers or specific locations

* Pick layout coordinates from design in ProSEM

* Drive SEM to corresponding sample locations

* Read stage coordinates into ProSEM

Alignment Measurements Image Registration Measurement Info Pick Data Info

Layout Coordinates [um] Stage Coordinates [mm] Focus [mm]
P1 [ -1200.000 | 1558000 || Pick |||402009 |[366407 | Read = 3986 —
P2 | -800.000 || 1558.000 |  Pick |||39.8003 ||366301 | Read = 3986
Use
P3 | -800.000 || 2118000 || Pick | |39.8090 |/360702 || Read = 3986 previous

(] Apply Focus Interpolation
Current  -1494.000 2173.000 40.5049 36.0334 Read Live Update

Navigation | -1494000 |[ 2173000 || Pick = 405049 360334 | MoveTo | Scanimage

Start Job

Align ProSEM/ Layout to SEM/ Sample

d

BEAMeeting Stuttgart 2024

11



- /
GenlISys / Load and Run Job List

Advancing the Standard

Automation and measurement list

* Load pre-defined project with metrology job

* Import/ export of measurement list

—>Start job execution
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Alignment Measurements |mage Registration Measurement Info Pick Data Info
Shift Left-Click into the layout to create a measurement ROI.

Center X [um’ ZenterY [um’| Width [um] | Height[um]| Feature Type |Find Similar| Layer |  Status | Key /File A
-1075.000 2039.000 14.000 10.000 Lines & Spaces ] 0(1000) scan finished <automatic>
-1075.000 1998900 14.000 10.000 Lines & Spaces [:l 0(1000) 'scan finished <automatic>
-1075.000 1958800 14000 10000  Lines&Spaces | |  0(1000) scan finished <automatic>
-1075000 1918700 14000 10000  Lines&Spaces | |  0(1000) scanfinished <automatic>
-1075.000 1878600 14.000 10.000 Lines & Spaces D 0(1000) scanning <automatic>
-1075.000 1838.500 14.000 10.000 Lines & Spaces E] 0(1000) 'scan pending <automatic>
-1075.000 1798400 14.000 10.000 Lines & Spaces E] 0(1000) scan pending <automatic>
-1075.000 1758300 14.000 10.000 Lines & Spaces ] 0(1000) 'scan pending <automatic>
-1075.000 1718200 14.000 10.000 Lines & Spaces [:] 0(1000) 'scan pending <automatic>
-1075.000 1678.100 14.000 10.000 Lines & Spaces [:] 0(1000) 'scan pending <automatic>
-1075000 [1AR0NN 114 00N 10000 lines & Snares 1 NA1NNM  ‘sran nendina <antomatic > A
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Automated metrology

* Drive SEM stage and acquire set of images

Alignment Measurements |mage Registration Measurement Info Pick Data Info

Shift Left-Click into the layout to create a measurement ROL.

Center X [um’|Zenter Y fum” Width [um] | Heightfum] | Feature Type | Find Similar| Layer Status | Key /File | A
-1075.000 2039.000 14.000 10.000 Lines & Spaces |:| 0(1000) scan finished <automatic>
-1075.000 1998900 14.000 10.000 Lines & Spaces |:| 0(1000) 'scan finished <automatic>
-1075.000 1958800 14000 10000  Lines&Spaces [ ]  0(1000) scan finished <automatic>
-1075000 1918700 14000 10000  Lines&Spaces | |  0(1000) scanfinished <automatic>
-1075.000 1878600 14.000 10.000 Lines & Spaces D 0(1000) scanning <automatic>
-1075.000 1838500 14.000 10.000 Lines & Spaces ] 0(1000) 'scan pending <automatic>
-1075.000 1798400 14.000 10.000 Lines & Spaces [:| 0(1000) scan pending <automatic>
-1075.000 1758300 14.000 10.000 Lines & Spaces |:| 0(1000) scan pending <automatic>
-1075.000 1718200 14.000 10.000 Lines & Spaces ] 0(1000) scan pending <automatic>
-1075.000 1678.100 14.000 10.000 Lines & Spaces [:] 0(1000) scan pending <automatic>
-1075000 1ARR 0NN 14 N0N 10000 lines & Snares 1 N1NNM  ‘sran nendina <antomatic > e

Step 1: Image Acquisition

P1

d

BEAMeeting Stuttgart 2024

14



S

GenlISys

Advancing the Standard

Step 1: Image Acquisition

File Script View Help

EEEG R XFF E 4

SEM Image

Qimie= 1> :

iy 1<l Yo @ @ a0 e0vo2030x0

= DemoSEMauto_CDlin_movie [hime.gds: 11 Messurements]

no images

(3) Pixel Size
From Image Metadata
Exphictt Preel Size um/px

From Current u [T

Aoply i e Pt

Image Preprocessing Saussian Low

») Edge Detection Automat ~|

(%) Feature Detection H

Feature Type ‘;"Eﬁ_sg'ﬂ -
Palanity I Line/Pillar

() SEM Information

Stage has automatic position control. Waiting for A
Stage successfully moved to 43,7466 22.7784 20.13
Moving stage to 43.7475 22.85%8 20.1342, 181.4
Stage has automatic position control. Waiting for
Stage successfully moved to 43.7475 22.85%88 20.13
Image sequence finished

Moving stage to 43.7447 22.264 20.1342, 181.4
Stage has automatic position control. Waiting for
Stage successfully moved teo 43.7447 22.2€39 20.13

[ 3) Find Muhtiple

}i >) Variables

Alignment Measur

FLETRTETRTRIRIRIRIENE

Image Registration Measurement Info  Pick Dats Info

Shift Left-Click into the layout to create a measurement ROI

CentsrXfun] | Center[um]  Vidhlum]  Heght[un) FedueType | FndSmial | Laper Status Key 7 Fik
1075.000 203,000 14000 110,000 Lines & Spaces O oo . i sutomatic>
1075.000 |1998.900 14,000 10,000 Lines & Spaces O lonoon |Fautomatic>
1075.000 1958.800 14.000 10.000 Lines & Spaces O loci000 | zutomatic>
1075,000 1912.700 14000 110,000 Lines & Spaces O 01000 b sutomatic>
1075.000 1878.600 14000 10000 Lines & Spaces [m ) utomatic>
1075.000 1838500 14,000 10.000 Lines & Spaces O oo {kautomatic>
1075.000 |1798.400 14.000 10000 Lines & Spaces O oc1000 {[2utomatic>
1075.000 11758.300 14000 10.000 Lines & Spaces O 0{1000) \F sutomatic>
1075.000 [1718.200 14,000 10,000 Lines & Spaces O onooo | sutomatic>
1075.000 |1678.100 14,000 110,000 Lines & Spaces O o000 & sutomatic>
1075.000 11638.000 14000 10000 Lines & Spaces O oo

0
Finished

3

7
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Automated metrology

* Drive SEM stage and acquire set of images
* Load images with (local) alignment

* Apply pre-defined measurements automatically

=
=
===
[
= —~ ]
=
(=]
===
|
=~
SEM o
===
[———]
==
==
[
=

e Save results to data table

P1
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InSPEC

Upgrade Kit for a Integrated scanning,
Metrology SEM automation & metrology

Direct SEM control with Multi-Chip jobs with
hardware integration hierarchical structure

Comprehensive full Expert metrology & data
layout-based workflow processing with “FLOW”

/ BEAMeeting Stuttgart 2024 18
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Integrated Metrology & Inspection Kit

» Software package

e PC and screen

e Scanning and |I/O hardware

— Direct control of SEM beam, stage, scanning
— Use the designed |/F and safety mechanisms
- All beam shaping settings

— Scanning and tool operation through InSPEC

----------I

Detector 1

Detector 2

INSPEC Upgrade Kit

N\

BEAMeeting Stuttgart 2024

[N
O



T, /
" GenISys / Integrated Workflow along 5 Main Modes

Global Local
Setup Content
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B inseec (Projecti ) =]
T TP
4 L4 L3 Toals 5% [ PertormanceMatrix_27APR2023.6x_Example_newjob* Scan Region Settings (Scan Region1)
5 Main modes with adaptive panels e xOnEe mxe-QE | S e
C= P g T ey © S
* Global and Local definitions ::{ _____ -
* SEM Live and SEM Layout
* Run job and Results review/ tune = —— e
i =
Workflow along job sequence =
* Smart and simplified metrology job g
Working area .

e Center visual area with layout
* Can split for layout view & FLOW editor

/ BEAMeeting Stuttgart 2024 21
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~ GenISys / Advanced Jobs with FLOW

Fx PZoBQEl2 o
. . . . . [ nsPec Project
e Definition of job entries TR 7 3/ —
Tools [7% [ PerformancaMairi 27APR2073.6x_Exam

ple_new job*
=
s e XxXOn[Ele o=« QHE
( 876 L Bilz‘CJ | 56‘54 Bfliﬁ L S'TJZ | ETQG L

e Using visual tools with pre-

defined functionality/ FLOW ‘

* FLOW contains all methods for
obtaining metrology results = —

* Modules for e L :

* Scanning (region, line) J

» Edge/ contour detection

* Metrology & analysis

* Data processing

ionl

* Extended comprehensive tasks
* Create personal templates

-

/ BEAMeeting Stuttgart 2024 22
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e FLOW editor

 FLOW contains all methods for
obtaining metrology results

 Modules for

Scanning (region, line)
Edge/ contour detection
Metrology & analysis
Data processing

e Example (PSU)

SEM scanning region
Mutiple contour extraction
Compare to triangle and layout

PV band creation/ export
(process variation)

a¥a¥av¥aVa%a% %,
Yav¥aYa¥a%ava%a"

Example with FLOW Editor

a¥av%aV%,%a %,

n ExanrlC oooooo 1 )
-—

499

([

- PennState
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Global Setup and (Wafer) Arrangement

Advancing the Standard

GenlISys

Results
Review

* Enable/ disable chips/ fields

* Chips/ field size and position
» Reference layout(s)

* Matrix setups

Run
Job
e General arrangement

24
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" Gen Sys / Local Content with Metrology

s

SEM
Setup

Control

Run Results
Job Review

e Chip/ field level

) Demoseners_siigned son Sertog:

B xOesoEs o QHF e e T
L Fd

~ Defauit Scan Settings

Scan Resowution Normal

* Based on detailed layout

Detaust Samples

» Save Scans o Fle

[+ Embed scons i ResutFie

* (Create measurements

¥ Defoust Metrology Settings

* Extract contours
- Automatic scan definition
* SEM scans (region, line)

e Job list can contain

* Scans

e Scans and contour

* Scans and contour/ metrology
e Plus data processing

e Chip level data processing

/ BEAMeeting Stuttgart 2024 25
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- Gen Sys / ,Layout-less” based on Metrology Region

Global SEM Run Results
Setup Control Job Review
e Use case bea - B = ’&:
@ ':’“’zmg U off x Om El{i ey - | o o
* No (full) layout available <w == =

e lLayers are bad representation
* Strong process bias/ issues

sz

* Metrology region

e Layout only as background
* No comparison with layout
* Provides contours (shapes)
 Fitting for

* Lines&Spaces

* Circle, ellipse

* Rectangle, triangle

/ BEAMeeting Stuttgart 2024 27
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SEM Live Mode

Global Local
Setup Content

Run Results
Job Review

e SEM Control “LIVE”

e Scanning with preset speeds
e Full control of beam shaping
* Contrast/ brightness
* Magnification/ focus

 Stigmation/ focus

e Stage control

Interpotation

Focus Interpalation During iob Run
Interpotace Sgmators

201342

/ BEAMeeting Stuttgart 2024 28
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- GenISys / Run the Metrology Job

Global Local SEM
Setup Content Control

Results
Review

Lo DEB e~
* Vs XomEE e =Q
* Job execution and progress . e )
TE T
* Job start and pause/ stop ey -
* Progress along job sequence go. . mm
e Live display of scans on layout ’ E: | 1
* Remaining time estimate : ~
* Parallel activities
* Scanning
e Contour detection
* Metrology
* Data processing
* Resultfilecreated = S e e e e e e T
g

/ BEAMeeting Stuttgart 2024 30
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Global Local SEM Run
Setup Conten Control Job

[ ep— - 8 x

ke

it Metrology  Yendows

E—)@\H{\ ~

Toel Setings

W sefings  elp

;ﬁ b L

firpDenodx2_Exsnsletelio 0272024 4 516,

PX[Elm @@

v Utiies 8

Q26 8%

e S5 1.0

nE

States

Main Measurn

e Results summary

Besult b Memolgy  Wndows  Vew  Setngs  =slp

HEABERNe ~ e £

Tocl Settings

[l SirphDenote Excrrplebelio 0272024 4516 S3mmr X

v b b X[l E ]
"

# 4B

v Computation

I I

Q& e §Z

e Job list including data
* Display

* Layout with definitions Ve OBE e W e L
e IS I ) B o =
e -

v Computation

Ret Tune
St

3 Additaral Values (Advancsd]

Eesut O Memolegy  Wndews  Mew  Semngs  Seip

o Usliies I

5] (7] I snow At Resoks

25 s

@ &

Remut Tune

e Scan with measurements

(Y] sterence Point 1 Beterence Foint 1 eference Fos

ain taasul

35428 736008 358319 73598 35428 MR Dist

Y Res u |tS ta b | e S W i t h ta bS g b ﬁ Mm:.: as20as s79317 362087 maeas 262006 Miathsise
e 262092 604067 362682 606312 262092 MinPathDist
L 1 £33 I T 18R E 8 F IR HeTmane an 3629.26 617,634 362892 619.121 36289 \Dist
. . . pckilist @ Y-Demace am 262097 7 362877 533477 3
e Details for review/ tunin S—
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Demand for Automated SEM Metrology

e Lithography and application advancements need to be complemented in process monitoring
* Improvements between analytical SEM and CD-SEM are an opportunity

ProSEM with SEM Automation Package

« Offline software helps getting more data (quality) out of existing images
e Offers easy-to-use basic automation for SEM acquisition and measurements

NEW InSPEC Integrated SEM Metrology Kit

* Upgrade package enables a versatile SEM with additional inspection capabilities
* Hardware integration and more corrections plus hierarchical jobs with advanced FLOW —
* Next level: hardware/ scan control, automation, contour extraction, metrology, data processing INSPEC

e BEAMeeting Stuttgart 2024 33
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Thank You!

support@genisys-gmbh.com

BEAMER TR

AC

ER

Headquarters

GenlISys GmbH

Eschenstr. 66

D-82024 Taufkirchen (Munich)
GERMANY

+49 (0)89 954 5364 0

+49 (0)89 954 5364 99
P< info@genisys-gmbh.com

USA Office

GenlSys Inc.

P.O. Box 410956
San Francisco, CA
94141-0956

USA

+1 (408) 353 3951
P4 usa@genisys-gmbh.com

Japan / Asia Pacific Office
GenlSys K.K.

German Industry Park

1-18-2 Hakusan Midori-ku
Yokohama 226-0006

JAPAN

+81 (45) 530 3306

+81 (45) 532 6933
P4 apsales@genisys-gmbh.com
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