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HORIBA Scientific - Technology

With its long experience in research and manufacture of scientific instruments (since 1819), the
HORIBA Scientific equipment uses state-of-the-art technology for optical, mechanical, electronic
and computer management.

The result is unequaled comfort and flexibility of use, with less human error, for the kind of preci-
sion and reproducibility of measurements that are required in laboratory and production work
today.

Last but not least, HORIBA Scientific instruments are designed and manufactured with complete

user safety in mind.

Our Internet Site: http://www.horiba.com/scientific

QR Code:

Service Team mailbox: services.jyfr@horiba.com
To increase the processing speed of a request, please insert at the beginning
of the email subject line, the following word: [TFD].

For example - Subject: [TFD] How to initialize the instrument
Phone number: +33 (0)1 69 74 72 02
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Warranty and Responsibility

HORIBA Scientific warrants that the Product shall be free from defects in material and workman-
ship and agrees to repair or replace free of charge, at option of HORIBA Scientific, any malfunc-
tioned or damaged Product attributable to responsibility of HORIBA Scientific for a period of
one (1) year from the delivery unless otherwise agreed with a written agreement. In any one of the
following cases, none of the warranties set forth herein shall be extended;

Any malfunction or damage attributable to improper operation

Any malfunction attributable to repair or modification by any person not authorized by
HORIBA Scientific

Any malfunction or damage attributable to the use in an environment not specified in this
manual

Any malfunction or damage attributable to violation of the instructions in this manual or
operations in the manner not specified in this manual

Any malfunction or damage attributable to any cause or causes beyond the reasonable con-
trol of HORIBA Scientific such as natural disasters

Any deterioration in appearance attributable to corrosion, rust, and so on

Replacement of consumables

HORIBA SCIENTIFIC SHALL NOT BE LIABLE FOR ANY DAMAGES RESULTING
FROM ANY MALFUNCTIONS OF THE PRODUCT, ANY ERASURE OF DATA, OR ANY
OTHER USES OF THE PRODUCT.
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The DeltaPsi2 Software is a completely integrated program for acquisition and treatment of ellipsome-
tric Data.

Ellipsometry is an optical method for the characterization of an interface or a film between two media.
The Ellipsometry method is based on the resulting processes from the polarization variation. This vari-
ation occurs every time a controlled polarized light is reflected from or transmitted through the inter-
face or film.
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1 Getting Started

1.1 Running DeltaPsi2 Software

To run the DeltaPsi2 Software, follow these instructions:

¢ Using the mouse, double-click on the DeltaPsi2 icon located on the «Windows ™

desktop».

e DeltaPsi Software will start up.

1.2 Configuring the Working Environment

To get the most out of DeltaPsi2, you should be familiar with some of its general operating
concepts. The following information should help you to understand the DeltaPsi2 working
model in a few key areas.

Since DeltaPsi2 is a data-based processing software which uses files, it is important to
understand the files structure and organization before working with DeltaPsi2.

Once running, the following screen will be displayed:

it

€
®

HEREREE R AT
| -

il
P> User Library
=P Results
= Reports
P Application Library

Button Bar

TreeView

[ Current profils : Peter [

0000000000000 | uwsme |
Figure 1-1 DeltaPsi2 Start screen
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The DeltaPsi2 Software is organized around the Button Bar and the TreeView window. The
Button Bar is located on the top of the screen and the TreeView, on the left hand side of the
screen.

1.2.1 TreeView data files environment

Figure 1-2 shows the general TreeView data files environment. Two main Librar-
ies are listed. The user data files are rearranged inside a unique node: «User
Library». The «Application Library» includes the reference and licensed data
delivered with the DeltaPsi2 package. For safety purposes, these data cannot be
modified or deleted from the DeltaPsi2 interface.

=W User Library

- Acquisition Routines
- Substrates

- Materials

«User Library» node includes
the user working sub-nodes

I Models
» Multimodels

- Grids

- Recipes

...J» Report Templates
=¥ Results

- Acquisition Data
: :Eﬁi‘fr',ﬁfj”g;u,ts The user data files are saved
in the «Results» sub-nodes
-.» Recipe Results
=¥ Reports

- » Model Reports

- B> Multimodel Reports The user reports are saved

' . in the «report» sub-nodes
-.* Recipe Reports

=W Application Library
-» Acquisition Routines
- Substrates

=-* Materials

«Application Library» node
includes the reference

.» Models

.» Multimodels and licensed data delivered
: with DeltaPsi2

B> Grids

- Recipes

T~ Y N

-.J» Report Templates

Figure 1-2 TreeView data files environment

1.2.2 How to create a new user Profile

DeltaPsi2 includes a powerful tool which allows the user to create one or several
user Profiles. This Profile feature works as a preset which assigns every type of
user file to a specific TreeView node and sub-node.

If several projects are planned or if several users should work on the same com-
puter, a different working user Profile should be built.

DeltaPsi 2 Software 12
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1.2.3

Getting Started

The following procedure will allow you to setup DeltaPsi2 on your new working
environment. This step is highly recommended and will help you to understand

the philosophy of the Software.

1 Click on the Software Options icon L?

The following screen will be displayed:

g
g
g
g
@

User Library file folders
User Library

Current User Library profile : & Sort by name

to open the Software Options screen.

" Sort by creation order

Application Library IDefauIt

%’ Create a new profile ...

Delete the current profile |

[ |

File name formats

Folders :

ili

File explarer Data Manipulation

Modeling 5 cenarios

Calculated Grids
observables Fecipes
Acquisition Report Templates

Acauisition Data
Model Results

Multimode! Results

parameters

Observables
precision

Modeling 5 cenario Results
Modeling output j Recipe Results
Model Reports

ChDeltaPsiz\ser Libran\DefaulthD ata Manipulation’,

Substrates C:hDeltaPsiz\User Libran\Default\Substratesh,
Fanlbar M aterials ChDeltaPsiz\ser Libran\Defaulth aterialz
Samples ChDeltaPsiz\ser Libran\DefaulthS amplesh,
odel: ChDeltaPsiz\ser Libran\DefaulthModelsh
Progress screens Multimodels C:ADelkaPsi2v ser LibranDefaultsMultimodelsy

ChDeltaPsiz\ser Libran\DefaultyModeling 5 cenarniot

ChDeltaPsiz\ser Libran\DefaultyGridsh

ChDeltaPsiz\ser Libray\DefaultRecipest,

ChDeltaPsiz\ser Libran\DefaultsReport Templatest

ChDeltaPsiz\User Librag\Default'doguisition Datah

ChDeltaPsiz\ser Libran\DefaultModel Resultsh

ChDeltaPsiz\ser Libran\DefaultyMultimodel Resultsh

ChDeltaPsiz\ser Libran\DefaultModeling S cenanio Resultsh

ChDeltaPsiz\ser Libran\Default\Recipe Results',

ChDeltaPsiz\ser Libran\DefaultModel Reportsh, ﬂ

Figure 1-3 Software options

2 Select the User Library Folders tab as shown on the figure above.

e The first parameter that should be set concerns the user profile. To create a

new user profile,

click on the

Create a New Profile button

|_3¢ e ‘ . The following pop-up window will be displayed:

New profile x|
Enter a new name :

.

Cancel |

* Enter the new Profile name then click OK to validate.

* The package folders for the new Profile are automatically created.

+ The created package folders are important for a convenient use of the pack-

ages. Each time you have to receive from or send to somebody ellipsometric
results or materials you can unpack or pack them using DeltaPsi2. These folders
will help you to manage these type of files. The Package feature is detailed on

page 30.

How to create a new folder

A new folder can be created everywhere from the TreeView window: right click
on a folder then select the New folder choice. Then, a pop-up screen will ask you
to enter the new folder name. Click OK to validate.

DeltaPsi 2 Software
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1.3 Software Options

Getting Started

% NOTICE: Do not create folders outside the DeltaPsi2 Software: It could gen-
erate unpredictable errors. Indeed, the data files created during the DeltaPsi2 ses-
sion are linked together. Moreover, the Export/Import Package feature
automatically performs a perfect data files transfer from one computer to another
(see TreeView Options page 29).

The previous chapters detail how to create new working folders environment. However,
many other options can be set from DeltaPsi2 Software according to the analysis require-
ments. This chapter will detail these working preferences. The following screen shows how
to open the Software Options screen.

¥ A

H%E‘I i EH%\?;‘ZM oo B B

o Byl | (2] 0 2

it

€
¢

P> User Library

B> Results

P Reports

P Application Library

Software Options

User Library

Application Library

File name formats

File explorer

PngfESS screens

Calculated
observables

Acquisition
parameters
Observables
precision

Modeling output -

Current profile ; Peter

1.3.1

@ Close

User Library file folders
Current User Library profile : ¢ Sortby name  Sort by creation order

IDefauIt j
g" Create a new profile ___ Delete the current profile |
Folders :

Data Manipulation
Substiates
Materials

Samples

Models
Multimadzk:
Madeling Scenarias
Grids

Recipes

Report Templates
Acquigtion D ata

Model Fesult:
Multimedsl Fesults
Modeling Scenario Results

Fecipe Results

Madel Reports

C Libirary Rowtin
C:ADelaPsi24l zer Libran\DefaulthD sta Manipulation®,
C:ADelaPzizhl er Libranh\DefaultySubstratesh
C:ADelaPsi24 ser Libran\Def aultsh aterislsh
CADeltaPsizU ser Libran\DefaultyS amplesh
C:ADeltaPsi2sl] ser Librany\Defaultshd odelsh
C:hDelaPsi2t U ser Libran\DefaultsMulimadelsh
C:ADelaPzizhl er Libran\Default' M odeling Scenariah

C:\DelaPsi24 ser Libran\Def aultyGridss

CADelaPsi2U ser Librant\DefaultsRecipest.

CADetaPsi2U ser Libran\DefaultsReport Templates',

C:ADelaPsi2s U ser Libran\Defaultyscquisition Duatal,

C:\DelaPsi2tl zer Libran\DefaultiModel Results',

C:\DelaPsi24 ser Libran\D efaultsMulimadel Fesults'

CADelaPsi2l ser Libran\DefaultsModeling 5cenario Results'

CADelaPsi2U ser Libran\DefaultsR ecipe Results'

C:ADelaPsi2s ser Libran\Defaultyt odel Reportsh LI

Figure 1-4 Software Options screen

Application Library Folders

Clicking on the Application Library Folders tab will list the folders related to the
licensed or not licensed data applications delivered with the DeltaPsi Software.
We do not recommend to change or move these folders.

DeltaPsi 2 Software
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Software Options
x|

L

UserLibrary | || i i
Substiates CADeliaPsiZtApplivation Libran Substrates!

Application Library Materials CADeliaPsizvApplication LibrargAMaterials’
Saples £ ADelaPsi2 Applisation Library\Samplas

CADelisPsizvApplication Libiary\Modslss
C:\DeliaPsi2vApplication Library\Mulimodels'
CADelaPsi2iépplication LibranMadeling Seenariat
C\DellaPsiztapplication Libiary\Gridst

Fiecipes C\DellaPsizvApplication Libiary\Recipest

Tool bar Fieport Templates CA\DeliePsizvApplication Libiary\Fleport Templatesh

Progress screens }—

Calculated
observables

File name formats Models
Multimodsls

Modeling Scenarios
File explorer Grids

Acquisition
parameters

Observables
precision

Model results
precision ;I

I Close

Figure 1-5 Application Library folders screen

1.3.2 File name formats

* Acquisition result file naming format
The Acquisition result can be sorted using a specific format order. Select the desired format
from the drop-down menu.

* Acquisition scenario result file naming format
The acquisition scenario can be also sorted with a specific format order. Select the desired
format from the drop-down menu.

*  Model result file naming format
The same as for the Acquisition result, each Model result can be sorted using a specific for-
mat order. Select the desired format from the drop-down menu.

* Recipe result file naming format
The same as for the Acquisition result, each Recipe result can be sorted using a specific
format order. Select the desired format from the drop-down menu.

Software Options > x|

|
| File name formats

User Library

Application Library Acquisition result file naming format :

|Dme\RDutine NameiLot Id.Sample Id. Time[.spe]
File name formats Acquisition scenario result file naming format :

IDBlE\Scenariu Name\Lot Id.Sample Id. Time[.acr]

Ll

Ll

Fils sipiionr Model result file naming format -

IMudeI Name.Date.Time[.mdr]

Ll

Tool bar
Recipe result file naming format :
Progress screens }— NameiLot Id.Sample Id Time[.rer] =
e Racipa NameiDate\Lot Id.Sample Id_ Time[.rcr]
Calculated

Lot IdyRecipe Name\Sample Id Date Time[ rcr]

observables Date Recipe Name_ Lot Id.Sample |d_Time[.rcr]

Acquisition Recipe Name Date Lot Id Sample Id. Time[.rcr]

parameters Lot Id.Sample Id Recipe Name Date Time[.rcr] |
Lot Id[.rcr]

Observables Sample Id[.rcr] =

precision

Modeling output Ll

‘ ¥ Close I

Figure 1-6 Application Library folders screen
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1.3.3 File Explorer

The File Explorer screen displays the TreeView nodes. If a specific node is not
used, it can be removed from the TreeView list. Just, check out the node to
remove.

The upper field allows the user to choose the sorting order of the listed files.

Software Options x|
—_
= xplorer op! S
Canoralioldors Files sort order :
WY IFIlE names in ascending order j
Yisibility of file explorer folders :
Application Library ¥ Application Library \ Acquisition Routines =
v Applics Library \ Substrates
) v Applics Library \ Materials
Files Library } Samples
[l Application Library \ Models
¥ Applic: Library \ Multimodels
File explorer ¥ Applic: Library \ Modeling Scenarios
v Applic: Library \ Grids
v Applic: Library \ Recipes
gulonbor (¥l Application Library \ Report Templates
e User Library \ Acquisition Routines
User Library \ Substrates
(PO S G User Library \ Materials
P ¥ User Library \ Samples
Calculated ¥l User Library \ Models
observables ¥l User Library \ Multimodels
Acquisiti User Library | Modeling Scenarios Lo
b‘:qu's'l;f" ¥ User Library \, Grids
DoSEnManes User Library \ Recipes
Observables ¥l User Library \ Report Templates
precision = Results \ Acquisition Data
Results \ Model Results &l
3 et % haemai e

Figure 1-7 File Explorer

1.3.4 ToolBar

The Tool Bar screen shows the action icons located on the upper part of the Main
screen. By default, all action icons are selected. The user can deselect the actions
which are not necessary.

Software Options g x|
e |
+=! Tool bar options
Wt sty Customize the main tool bar -
Application Library ¥ Show/Hide icon palette E& [+ Build a new package ..
= ¥ Show/Hide file explorer ’Ey ¥ Import a package ...
File name formats o
E‘ v Close all file explorer L g- v Check files integrity ...
File explorer [Tfl| ¥ Hardware options f‘ ¥ Find a file or folder _.
Tool bar g ¥ | Software options %’ [¥ Data manipulation screen
v Manual Measurement % ¥ Show/Hide buttons
Progress screens }— =
P ﬁq,_ [¥ Create a new material ... @ [¥ Show online help _.
Calculated =
observables ‘f::q_ [v Create a new acquisition routine € | v About Deltapsi 2 ...
Acquisition o
R s #od| ¥ Create a new model ...
Observables ?rd ¥ Create a new grid ...
precision = .
Tl e fec.| ¥ Create a new recipe
HEEELFHT] L=] ‘%m ¥ Create a new report template _..

Figure 1-8 Tool bar setup
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1.3.5

Getting Started

Progress Screens

* Show progress screens for Manual Mode, Manually started recipe and
automatically started recipe.

If checked, the Acquisition and/or Fitting and/or Recipe progress screen will be displayed
during the process.

1.3.6

Software Options E x|

|
|| Show progress screens for :
User Library
Manual Manually Automatically
mode started recipe | started recipe
Application Library P P
I¥ Acquisiti I¥ Acquisiti ¥ Acquisiti

‘ ¥ Fit ¥ Fit ¥ Fit

File name formats
¥ Recipe ¥ Recipe

File explorer

Tool bar

Progress screens —

Calculated
observables

Acquisition
parameters

Observables
precision

Modeling output |

Figure 1-9 Progress Screen Setup

Observables Setup

The Observables Setup are set via three parameters groups which can be acti-
vated for various analysis purposes. By default, the main parameters are acti-
vated. Figure 1-10 shows the displayed screens according to the selected buttons.

Calculated Observables are the parameters available to define the axis of any
standard Graphics Manipulation Screen (See “Graphics Screen” on page 33).

Acquisition Parameters are parameters that are stored in the raw data file or
* spe file after an acquisition is completed. These parameters are the permanent
record of the acquisition. If the Software controls several applications e.g. a UVI-
SEL with a Reflectometer, the parameters will be listed separately. Select the
parameters from the list that you wish to be stored with the *.spe file. These val-
ues are unrelated to those displayed graphically during the acquisition. See
“Graph Setup” on page 56 to select the parameters you wish to see during an
acquisition.

Observables Precision will determine the number of significant digits displayed
for either Calculated or Acquisition Observables.
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Software Options = x|
|

I _—_— |
21l Calculated observables
General folders Wavetengih 5 Paljamet.ers setup
Phator Enefiry which will be used
User Library W
.
. for calculation
Application Library :5
(&3
Q processes
Files k
£r
el q
— Ell 1l
File explorer [1WWave Num REamETEY |REﬂEClumeler| e |
O Tg(¥) Acquisition observables Available configurations
Button bar E Cos(a) Note : Increment is always saved L M=0° A-=D°
g E y = I: M=0" A=+45"
P A 1 M=0" A=45°
Progress screens OR_s = 1 M=90° A=+45°
S EP_F o 11l M=90° A=45°
—_—_ p_i _ae Laroa i gro
R 1n servables precision
observables [k
e Cer Observable Number of digits|*
Acquisition Oei
observables O TB(‘P) Wavelength 2 jj
Observables [1Gos(A) Photon Energy 3
precision W 3
A 3
2 5
OT_p 5
OT_ s 3
HV —
| parameters

Acquisition parameters
activation. The selected
parameters will be used
in the software and saved
inside the related files

— precision setup

Wave Number 1
Time
Increment
Ta(¥)
Cos(A)

sla|ls|s|o]|o]|wle

| [N

Figure 1-10 Observables setup

1.3.7 Modeling Output

When a Modeling Output is generated, it becomes possible to set the precision
level of the exported modeling values.

Check in the Translate alias parameter names to translate the greek to latin
fonts. This is only required for some specific uses which do not accept greeks
fonts. By default this choice is not activated.
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5
e — T —
: || I” Translate alias parameter names
User Library
Model results precision

Application Library Result type Number of digitsl
201 g ]
File name formats ‘ Thickness 3
Volume Fraction 2
File explorer Dispersion u
Alloy concentration 3
Tool bar Rotation angles 1
Ge concentration 3
it e }_ Layer post-calculation - n 3
Layer post-calculation - k 3
o Layer post-calculation - £ r 3
observables Layer post-calculation - &_i 3
Acquisiti Model post-calculation - R 4
parameters Model post-calculation - T 4
Observables Model post-calculation - a 1
(S Model post-calculation - 1/a 1
Modeling output E Eg 3

=
[
[ Close I L

Figure 1-11 Modeling output

1.3.8 Error values for Fit

Each measured value used in the calculated algorithm can be assigned to a spe-
cific error value. The default values is highly recommended. If all values are
changed by an identical value, the fitting result will not be transformed but the 72
value will be modified.

[ —" — E x|
ey
Calculated =1l Error values for fit
observables Observable Error value I;I > GheereanE Error value I;l
ey 1=
[ 1.0000 «[~| Ic' 0.0100
parameters A 1.0000 et 0.0100
Observables Is 0.0100 M11 0.0100
il Ic 0.0100 M12 0.0100
Modeling output n 0.0100 M13 0.0100
k 0.0100 M14 0.0100
Error values for fit £ 1.0000 M21 0.0100
) X £l 1.0000 M22 0.0100
Recipe options Tg(¥) 0.0100 M23 0.0100
e — Cos(A) 0.0100 M24 0.0100
Di formula
license keys R 0.0100 M31 0.0100
New file creation Rp 0.0100 M32 0.0100
license keys R_s 0.0100 M33 0.0100
Specific f il 0.0100 M34 0.0100
license keys Tp 0.0100 M41 0.0100
TS 0.0100 M42 0.0100
Results deletion }— Wt 1.0000 M43 0.0100
| At 1.0000 Ma4 0.0100
\ @ Close | Ist 0.0100 = z|

Figure 1-12 Error values for Fit

1.3.9 Recipe Options

The Recipe Options screen displays the options related to the recipe. These
options are clearly described on the screen shown below:
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R =
Calculated Recipe definition options

ghosREhles I” Automatic Recipe Yault storing after saving

Acquisition

parameters Recipe results file options

Observables
precision

¥ Sawve acquisilion spectra into recipe results file

¥ Save modelisation spectra into recipe results file
Modeling output
Recipe execution options

I Close shutter during Pattern Recognition

Error values for fit
) : I Recipe Yault required for external start
Recipe options

Dispersion formula
license keys

New file creation
license keys

Specific features
license keys

Results deletion }—

L |

Figure 1-13 Recipe Options

1.3.10 License keys

DeltaPsi2 Software intensively uses powerful set of data processing modules.
These processing modules are licensed and delivered on request.

The three License keys buttons display the list of the installed processing license
keys. Please contact HORIBA Scientific or your local representative for addi-
tional licensed modules.

Software Options : |

L] Dispersion formula license keys
File explorer Adachi
Adachi-2 Forouhi
Adachi-3 Forouhi
Adachi-Forouhi
Adachi-New Forouhi
Amorphous
Cauchy Absorbent

|»

Button bar

Prugress SCreens

05/20/2016

Calculated
observables

Acquisition
observables

Observables
precision

Error values for fit

Cauchy Transparent

Classical
Conrady

Excitonic

Fixed Index
Haltman
Kato-Adachi
Kato-Adachi IR

Dispersion formula

license keys

New file creation |
license keys

Specific features
license keys

"New Amorphous
Quatre Amorphous
Quatre Oscillators

Tanguy
yl auc Lorentz

Figure 1-14 License keys list

Double Amorphous
Double New Amorphous

ellmeier Transparent

Dispersion

Simple grid
Complex grid

Model

Binded Multimodel
Serial Multimodel
Modeling scenario
Immediate recipe
Mapping recipe

Point-by-Foint Calculated

Spectroscopic acquisi

Model Report template

Saving and restoring files into the Application Library
Pattern Recognition in grid editors

Update of "Error values for Fit® in Software Options
Minimisation algorithm in modeling conditions
Minimisation observables in modeling conditions
Fitting stop criteria in modeling conditions
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1.3.11 Results deletion

Getting Started

With extensive use of the system, the number of files recorded on the hard disk
drive could be large enough to affect the software's performance. The Results
Deletion screen allows the user to delete old files from the DeltaPsi2 folders to
the Garbage folder or completely delete these files. Some other options are avail-
able: deletion with specific *.spe, *.mdr, *.mmr, *.scr or *.rcr files and automatic
activation with logs or not.

Acquisition
parameters

Observables
precision

Modeling output

Error values for fit

Recipe options

Dispersion formula
license keys

New file creation
license keys

Specific features
license keys

Results deletion

General Setup E

[ommmreopmom

Selection criteria for result files to delete :
I” Include acquisition results (*.spe)

™ Include model results (*.mdr)

™ Include multimodel results (*.mmr)

I” Include modeling scenario results (*.scr)
™ Include recipe results (“rcr)

Delete files older than |40 3: day(s)

I” Delete blanked folders after files deletion
¥ Use Recycler Bin

Automatic deletion setup :

™ Activate automatic deletion at |01:00 every day.

Deletion log file
" No log file

" Log the last operation only
& Generated one log file for each operation

Figure 1-15 Results deletion

1.3.12 General Setup

The General Setup screen displays the main installation folders. These are only
information fields useful for the Pattern Recognition (P.R.) program. The Pattern
Recognition program is an option useful for locating specific measurement sites
on patterned wafer and samples and requires a separate installation.

Software Dptions

Acquisition
parameters

Observables
precision

Model results
precision

Error values for fit

Recipe options

Dispersion formula
license keys

New file creation
license keys

Specific features
license keys

Results deletion

General Setup |

]|

Figure 1-16 General folders screen

| Setup

User Library root folder :

IC:\DeIlﬂPsiZ\User Libran,

Packages folder :

[cDelaPsiziPackages

= Choose folder

P R. Station folder -

IC:\DEIIBPsiZ\PRFiIes\
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2 Main Working Interface

2.1 Accessing

Click the Manual Measurement icon [;fﬁ"" located on the Button Bar. Depending on the

ordered System and the hardware configuration, a popup screen could list several applica-
tions. Select the appropriate application to launch the View screen (Real Time Acquisi-
tion). According to the selected application, the Views screen can be very different. This
chapter will detail the working philosophy.

H%E“ B"%‘ ﬁ‘at. f-‘::q. ﬁod.g‘d.
N

% Ellipsometer

- B User Libr
:: Egz';':fs 4 Reflectometer Select one of the available applications.
= B Applicatic B Lo Only valid applications are displayed.

Izl AutoSE
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2.2 General Graphics Interface

Shell title bar
1 4 13 14

8 9 10 11 19

7 12 TreeView menu
LR O] 2 58 5 8 | R (8] O] - o o
j ome e el _| 2] x

='W User Library LI ll ﬁl g‘
P Acquisitic 5 1
P> Data Mani, .o
- P> Substrates

&
o 97.090 |mV,

P> Materials 240 | -
P Models 41.138 my/
. 81
» Grids 220 Is 0.00000
o+ P Recipes 200 risz ([ 12483 ic [ 000000
P Report Template
2 ¥ Resulls 180 - L aa| 040808
P> Acquisition Data ' R2w || 014865 @ S0 Adjustment
" > Model Results b &
P Recipe Results 140!
= ¥ Reports
- P Model Reports /20' - i
P Recipe Reports
= W Application Libr; 100 1~ /\ = /‘
i P Acquisition Routit g0l G
- I Data Manipulatio
- I Substrates 60
P Materials
~ I Models 401
-~ P Grids
P Recipes 20
* P Report T o
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
2 [ oo00) A 0.000
Integration Time 200 ms :'l
High Yoltage 0 v g 3
= s|® Semi-infinite model
User unit: Lk 3
& 7548 i 0.000
Micro-Spot b 5 sfl &i |
Configuration I© M=0° A=0" = =
Background Background off - = o1 2.747 K[ 0.000
|
~Motor s
Monochromator ’ ~| [= Stop E [ Start I 500.00 nm Hyl 1.00 «|~| nm
[Run acquisition | close | {6 New spectroscopic | @3 New multiwavelength |
| MRor- 7o
Ellipsometer

Curg profile : Peter AutoSE

15 Icon palette

17 DeltaPsi status bar

16 Views screen 18 Shell status bar

Figure 2-1 Managing Views screen (UVISEL System example is shown)
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10

11

The Show/Hide icon palette is a toggle command which hides the area located below the
TreeView and the Main Screen. This area displays an icon for every file which has been loaded.
Thus, it becomes easy to take a look and switch between the currently loaded files.

The Show/Hide TreeView icon is a toggle command which hides the TreeView menu. This is
useful as it magnifies the working View screen.

This command is a short-cut which closes the opened TreeView Explorer folders.

g Open the Options Software screen (see “Software Options” on page 14).

The TreeView Explorer simplifies the access to the TreeView. Click on the field to activate the
scroll bar, then select the node to open it.

The Manual Measurement icon launches the Views screen which is shown on the
% figure 2-1, page 23. The Views screen is in fact the Real Time Acquisition panel which is
detailed on the chapter “Views for UVISEL Ellipsometer” on page 43. Depending on your
System(s), an intermediate screen could ask for the acquisition to launch.

W % % Creation icons: from these «short-cut» icons, the user can cre-
dhat. Acqg. Mod. Srd. Rec. Tem.| ate a new material, acquisition routine, model, grid, recipe or
report template.

. Launch the Export files package feature. See the detailed description chapter “Import/Ex-
kd port feature” on page 29.

Eﬂ Launch the Import files package feature. See the detailed description chapter “Import/Ex-
port feature” on page 29.

= | The Check Files Integrity is a very powerful feature which is recommended for ex-

=g perimented users only. This feature analyzes the files integrity and verify the links

between built models, recipes etc...

1| Click on the Search feature to find a DeltaPsi2 file. The following screen will be dis-
< | played:

Activates the search

ind files a ers ..
Enter part of the name here : Imdl ‘\/Fmd
¢ Start of the name

F b i e s |~ Enter the query string to find
<Application LibraryModels Select specific criteria
Select the searched file in the list, then

2 11 1.md L . . .
) 1 2 mal click on the Go icon to select this file in
(il mirror_mdl .

na(ive oxide.mdl the TI’CCVICW.

photoresist on Si.mdl

&2 polished glass md Double-click goes directly to the file.
hivE Close the Search screen and select the
o / searched file in the TreeView

(il thermal oxide mdl

Close the Search screen

NOTICE: the * sign must not be used
in the search query string
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12 TreeView Main Menu allows the user to access files. It contains nodes which are detailed

below:

" ., Functional node which is used to browse through the files of the software.
There are three possibilities to open/close the functional node:

* Using the left button of the mouse, double-click the node name,

e Left-click on the +/- indicator in front of the icon. If this indicator does not
exist, the node is empty,

reference...

7

* DeltaPsi files: each file node represents a DeltaPsi file located on the hard
disk. To open the file, double-click with the left button of the mouse.

Each type of file is marked on the icon: i.e. SPE for spectroscopy, REF for

Unknown file: this icon signifies that an unknown file has been found.

NOTICE: Right-clicking on an element name will display a popup menu. This menu
contains specific options related to the node. Do not hesitate to try features included in

this menu.

13 Show/Hide button: once activated, an additional menu is displayed on the right hand side
of the current desktop screen. This menu is mainly useful to switch between the internal

DeltaPsi2 interfaces.

Hodels

- B> Application Library

GlER T Hlh bttt Bl B 0K
Elc

s |
A% s|ejalu| seelcls Bole]  #

Lo

L —

CEETE

ereautsfie | _pdae | g epot

IR
B SEES
o ] _seve resut e |_upastc | o epor
[
Thecmsuti [ 7]| @ Ceareststatzet ¥ Coarat b siubin
AF[ 70000° v Fie: [Nist 100 Sampleld.12h 40mn 40
E 159 S102 Nists 10 15 Natox cle-
C-Si_HJY.ret
T Oapides [t
g g e &
sct | i o | aao |ifea || soo [ |Ea || e | |
DeltaPsi
| eServer
USB Server
\\-/

eServer and USB
Server are internal
interfaces used by
Service Team
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% Insome circumstances, this menu is not displayed. This is only possible if the menu has been

manually hidden by moving the menu limit. In such situation and using the mouse, move this limit to
left to enlarge the menu area (see figure below).

R LI

Click here then drag
the mouse to the left

I)

| The menu limit will
be pushed to the left

DeltaPsi

=il eserver

USB Server

% From the eServer appli-

cation, if the Show/Hide but-
ton is activated, the menu
could be hidden too if the
menu has been previously
manually closed. In this case,
click on the toggle bar (see
the figure).

0.956371
-0.332471

click on the toggle
bar to show/hide
the menu

14 Help online is available by clicking the icon located on the Button Bar.

Views screen: this is the main working area. This screen is in fact an independent window
which can be resized using the following icon located on the upper right hand side of the

screen:
Sk E

Window is minimized Close window
and reduced to simple minimized (Windowed) screen

16

title bar
S [s]
Back to full size screen
- If several windows have been opened, these two buttons

switch between the windows.
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Additional options can be accessed by clicking on the icon located on the upper left hand
side of the window. Depending on your size status, some options cannot be activated
(greyed). Here below is an example of such of screen:

Arrange all minimized windows to make them visible
Arrange all windows in «windowed» state with the
Arrange lcons
- |

{ j/ same size with cascaded display
Egscade Arrange all windows in «windowed» state and change
Tile B the size to be all visible at once
Festarne
Hawe
Dimension - Standard Windows management options
Beduce
Minirmize
Close < — Open a sub-menu detailed below
r Close Chrl+F 4 | Close the active window
Next Ch+FE I’—— Activate next window

Close all windows

Acquisition Routines
Hlloys

Dispersions
Experimental

Iser defined Formula . . . .
Point by Point Calculated Each listed choice will close the related window,

e.g. «Dispersions» will close all dispersion formula

Pattern Recognition Screens S
windows

Recipes

Recipe Results
References
Models
MultiModels
Report Templates

17 DeltaPsi2 status bar information.

18 Shell status bar information.

19 Data manipulation feature
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2.2.1 TreeView Description

This chapter describes the TreeView list.

Node

Description

¥ User Library

------ P Acquisition Routines

------ P Data Manipulation

---P Materials

=B Samples
= Models
- Multimodels
P> Modeling Scenarios
> Grids

P Recipes

= Report Templates

User Library main node. User defined files created
from DeltaPsi2 are always saved in one of these fold-
ers.

Contains the acquisition routine files: *.ACQ and
acquisition scenario files: *. ACN

Contains the graphics screens backup of the Data
Manipulations screens: *.DMS. For Scenario Data
Manipulation: *. DMN

Contains the substrate material files: *.REF

Contains material files: reference (*.REF), dispersion
formula (*.DSP), alloy (*.ALY) and point by point
(*.PPC), user defined formula: *.UDF

Contains Sample (*.SPL) files

Contains Model (*.MDL) files, for Kinetic model:
* MDK

Contains Bound Multimodel (*.BMM) and Serial
Multimodel (*.SMM) files

Contains Modeling Scenarios files (*.SCE)

Contains Grid (*.GRD) files

Contains Recipes *.RCI (immediate), *.RCM (map-
ping) and analytical package *. APK

Contains templates: *. MDT (Model), * MMT (Multi-
model), *.SCT (Modeling scenario), *.RCT (Recipe),
* ACT (Acquisition), *.DMT (Data Manipulation),
* RSN (Report Scenario)

¥ Besults

------ [= Modeling Scenario Results

-.» Recipe Results

Contains the acquisition data files: spectroscopic
(*.SPE) kinetic (*.KIN), calculated (*.CLC) and
Result Acquisition Scenario (*.ACR)

Contains Modeling results files (*.MDR)

Contains Multimodel results files (*.MMR)

Contains Modeling Scenario results files (*.SCR)

Contains Recipe Results files (*.RCR)

DeltaPsi 2 Software
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Node

Description

‘¥ Reports
- Model Reports

P Multimodel Reports
- Modeling Scenario Reports

----- P Recipe Reports

These folders will receive the graphs and texts saved
from various working screens but also the generated
reports (MS Word, HTML, Formatted or Flow). The
files formats located in these folders could be very dif-
ferent: * HTML, * WMF, *JPG, *.DOC, * EMEF,
* TXT, *.RTF, *.RAF etc...

¥ Application Library
- Acquisition Routines
~-J» Data Manipulation
- » Substrates
- Materials
- Samples
=B Models
. Multimodels
- Modeling Scenarios
- Grids
P Recipes
...J» Report Templates

Application library has the same structure as the User
Library except:

* Folders are linked to only one set of folders containing
files delivered with DeltaPsi2 Software,
* This Library is not supposed to be altered by the user,

* As the Acquisition Data and Modeling Results are user
data, the nodes of these files are only present in the
User Library.

2.2.2 TreeView Options

To access specific options of the TreeView, right-click on each node or file. The
options availability depends on the node or file type. These options are arranged

as follows:

e On the upper part of the options are listed actions related to «ellipsomet-
ric» operations: running new spectroscopic acquisition routine screen,
new alloy screen, new point by point calculated screen....etc

* The options concerning the nodes, files organization and tools are listed
on the central part. Then, it is easy to create a folder, open a data file as a

text format.

* The lower part of the popup menu concerns the Import/Export and
Update Model features.

Import/Export feature

Three options are available:

Simple Export: only available from a file (right-click), this command creates a file ready to
be exported to another system running DeltaPsi2. This export feature is not a simple file
transfer, in fact DeltaPsi2 collects the data which are linked to the selected file. Then, the
retrieved data on the other computer are dispatched inside the right folders.
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Eﬁ Build Package: this feature allows the user to export nodes, sub-nodes or data files.
The procedure is explained below:

1 Using the mouse, click on the Build Package icon located on the Button Bar menu. The
following screen will be displayed:

Enter an export package file name ... 3 ﬂil

Erregistrer dans : ID Fackages j da &5 ER-

hic5i-SiN phg
@echl-ref.pkg
fripack2, phoy

Marn du fichier ; Enregistrer

Tupe: DeltaPsi 2 Packages [* pka) j Annuler
A

Enter the name and choose the destination folder of the export package. Click on Save
to validate the choices.

The screen shown below will be displayed: open the nodes and select those which must
be exported. Every combination is possible.

Once the selection has been made, click on the build package button. Then, a popup
screen informs the user for packaging creation.

Build a package ...

2 e

Package File : IC:\DeltaPsiE\Packages\sn_neprkg

-7 W User Library
-7 * Acquisition Routines
-7 Substrates
@ Materials
=~ Samples
- Models
-~ Multimodels
-~ Modeling Scenarios
P Grids
-~ Recipes
-7 Report Templates
-
-7 Reports
2 W Application Library
- Acquisition Routines
-7 Substrates
-7/ Materials
-~ Samples
P Models
-~ I* Multimodels
-~ Modeling Scenarios
-~ Grids
-~ Recipes
" Report Templates

‘ Build Package I Close

Eﬂ Import Package: this feature allows the user to retrieve a package previously cre-
ated with the Export Package DeltaPsi2 feature.
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The procedure is explained below:
1 Click on the Import Package icon located on the Button Bar menu. The following
screen is displayed:
Select a package file ... 3 21x
Begarder dans : I 1) Packages j e 5 B~
Mo du fichier ; Ipac:kE_pkg Dwriv |
Fichiers de type IDEItaF‘si 2 Packages [ pka) j Anruler |
4
Select the appropriate drive and folder where the package is located to retrieve. Once
found, click on the Open button. The screen shown in figure 2-2 will be displayed.
This screen lists the packaged files and the user can choose to deactivate a file or select
the target library (Application or User). Take into account that in some cases, Applica-
tion Library could not be available due to copyright laws. The screen also informs if a
file with the same name is already present in the assigned location.
Once the files import choice has been done, click on Import files button to unpack the
files.
T
Package file : IC:\DeltaPs\Z\Packages\NF‘ pka EI
Generated with wersion 2.3.6.123 of DeltaP'si.
Contents : [Use Shift+Click or drag the mause to extend the highlight ta multiples files)
5 File name and location Already exists 7
[ | ¥ EO1 Bl
E <Userr Matenials\butorial\a|_asp.ref eference Data 7.02KE Yes, date is differ
E <Userr Materials‘tutorial\al2o3_pal ref Reference Data 1.62KE Yes, date is differ
E <Uszer Materials\tutarialta-Si Taue Lorentz.dsp Dizpersion Formula E47 B es. date is differ.
lz <Uzer> MaterialsstutoriathCsi_uw.ref Reterence Data 14.47 KB es. date is differ
E <Uszer- Material\tutoriah\Ge doped oxide [interface). dsp Dizperzion Formula BE1 B es. date is differ,
E <Uszer> Materials\tutoriah\Ge doped oxide [surface).dsp Dizperzion Formula BE1 B es. date is differ.
E <User- MatenalsitutonalhlnGaP Adachi-Forouhi. dsp Dispersion Formula 903 B Yes, date is differ.
[ ] <User> MaterialshutoriabSiN cscillstor.dsp Dispersion Formula 1.23 KB Yes, date is differ
E <User- MatenalshtutaralhTi02 new amarphous. dsp Dispersion Formula BE1 B Yes, date is differ.
E <User> Materisls\tutorialvoid dsp Dispersion Formula 396 B Ves, date ix differ
E <User> Modelshtutarial\Aluninium, mdl Model 1313 KR Yes, date is differ
E <User> Modelshtutorialha-5i on glass. mdl todel 2873 KR e, date is differ
E <User> Modelshtutorial\Ge doped 5ilx on Simdl todel 3620 KB e, date is differ
E <Userr Modelshtutorialb\inGaP on Gads mdl todel 2335 KB es, date is differ
E <Usery Modelshtutarialsmirmor with repetition. mdl todel 1933 KB Yes, date is differ
E <Usery ModelshtutariabSiM on 5imdl todel 27 20 KB Yes, date is differ
E <User» Modelshtutorial\Thermal Oxide.md| todel 1212 KB 'es, date is differ
E <Userr Report Templatesttutorialh2 parts. mdt Model Report Template 117 KB Wes, date ix differ ;I
4 S;Iic:::r::::" ﬁs Sw‘lic::;::'ﬁ:fi:aw Change destination folder to : I
\ R i K Cancel l\
Check in or check out  The files can be assigned Click on this button to copy files
the files to import to a User or Application to a specific folder

library

Figure 2-2 Launch the import process
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% NOTICE: Managing seriously the profiles, nodes, files will avoid dead links when

running DeltaPsi2.

Update Models

To access to this feature, right-click everywhere in the TreeView and select the Update
Models choice. Two different processes can be performed from this screen:

Update old models formats to new models format. For example, old models had associ-
ated *.spl file. Now every model includes this *.spl information. If the update process is
applied on such old format, the spl information will be included to the new model for-
mat. The *.spl file will not be deleted, it just will be not used.

Change immediately the angle of incidence (®1=®2) on one or several models, which
will appear in the active Fitting Choice.

Batch operations on models ... : 5[

& Perform only models upgrade

" Change models attributes :

New nominal angle of incidence : ?I]_I]I]I] ke

#-[7 B User Library
&[> Application Library

| Ep Update selected models | [ Close |

From the screen, first select the feature to use. Then select the models on which the update
must be performed. If required, change the angle of incidence. Click on the Update
selected models button to validate the choice.

2.3 lIcon Palette area

Each time a file is opened, an icon shortcut of this file is inserted in the «Icon Palette»
area.

The «Icon Palette area» is located on the bottom of the screen, if the software is running
for the first time or if the user has chosen the default layout screen.
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3 Graphics Screen

Many DeltaPsi2 screens contain a graphical data representation. This graphic interface
has many features detailed in the chapter. From this interface, three display modes can be
activated according to current needs.

! Every simple file (materials, spectroscopic results...) containing curves can be

dragged and dropped from the TreeView list to the opened graphics screen area. Right-
click on the graphics area to select the useful curves to display.

3.1 Standard Display Mode

The Standard Display Mode is the default graphics interface. Figure 3-1, “Standard display
mode”, page 35 shows the parameters location.

Text Mode Switch

Click once this icon will switch the Standard Display Mode to Text Display Mode. This
mode is detailed in this chapter.

“al 2D/3D
This toggle button switches between two graphics modes: 2-dimension and 3-dimension
representation.
2D representation 3D representation
DN e SN = e P (Al AR SlEalEs] taf o] Bl o ] i |
Len: [n =] :[rrotoncresy =] Rl H Lot [ =] %:[Protontrersy 7] Risht:[i =l

Zoom in

If a portion of a graph is not enough detailed, this portion can be zoomed in. Using the
mouse, go to the upper left point of the area to zoom, then press on the mouse left button
then drag the mouse to the bottom right point of the area. Release the mouse button: the
selected area is immediately zoomed full screen.

To zoom out, the Zoom out or the Full Screen button can be used.
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Zoom out

Each click on this button will zoom out the graph. The zoom out progression is performed
from the screen center.

Ii" Full Screen

Click once on this button to display the graph in full screen display.

&5 Print

Click on this icon to print the current graph. The printer setup must be previously set from
the Windows® operating system. DeltaPsi2 uses the selected default printer in the operat-
ing system.

Graphics export

The Graphics export button allows the user to save the current screen in a file using uni-
versal graphic formats (. WMF or .EMF). Then it becomes possible to import graphics into
a Word processing system or Graphics software.

Copy graph to clipboard

This command copies the current graph to the active Windows® clipboard. Then, the graph

can be retrieved from the clipboard and pasted to any Windows® software like Microsoft
Word, Adobe Photoshop etc...

0@ Save data to calculated file

This command copies all or part of the spectra of one displayed data, with a selection of
observables (even those which are hidden) to a file with the extension .CLC. This feature
is used for the following purposes:

Create a new material (calculated),
Correct a partially disturbed spectrum (using text editor),

Create a file without any configuration parameters but which can be visualized in DeltaP-
si2. This is useful if you want to send graphs to a third party.

DeltaPsi 2 Software 34



05/20/2016

HORI BA Graphics Screen

Scientific

Graphic export
Copy graph to clipboard

Full screen display Print graph Save data to calculated file

Show/Hide navigation cursor
General display settings
Displayed data selection

Zoom IN Data Manipulation

Color selection
2D/3D representation

AR RN EEE T E
B

Text mode switch

Left axis selected parameter

Bottom axis selected parameter

Right axis selected parameter

Right-click on this area to select the curves to display

Figure 3-1 Standard display mode

Show/Hide navigation cursor

Click once on this button to activate the cursor on the selected curve. Use the Right/Left
keys to move the cursor on the curve. The parameters values of the cursor position are dis-
played on the bottom part of the graphics screen.

Graph Setup

The Graph Setup feature allows the user to custom the «Graph» presentation. The options
are detailed below:

The General Attributes tab screen shows the general parameters which can be set: the
Graph Title, the font size, the graphic background and cursor of the vertical or/and
horizontal grid activation and the data and/or label unit displaying.

The legend can be also activated and positioned around the graph.
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Graphics Screen

Current graphic attributes E

General attributes I Aig attributes I Curves attributes I Mews curves attributes I

Graph Title : I

Fontgize: |10 =

Graphic background colar I:llvl
Ed |'|

M avigation cursor color :

Graphic border colar: [ |v|

Az title mode

= Obzervablz anly

" Unit anly

% Observable and unit

W Wertical axiz grid visible
W Horizontal axis grid visible

Legend : [~ “isible Fort size :
Pasition: (% Left

" Right

" Top

~ Battom

=

Information data :

Font zize : IB 3,

H Close |

[ Save defaults |

Figure 3-2 General Attributes

The Axis attributes tab contains parameters which could improve the presentation.
An example of setup screen is shown in figure 3-3.

Current graphic attributes

General attributes  Asis attributes | Curves attributes I Mew curves attibutes I

ls Axis Photon Energy &xis I Axis
r— Colar r— Color — Colar
- -
 Range  Range  Range
7 Full Scale = Full Scale 1+ Full Scale
i~ Customized : = Customized : " Customized :
biminnum : -0.99 bimirmurm I 1.50 Fedimirmunn © I 076
bl awinnum 0.94 b awirnum : I E.50 GECT R I 1.0
Increment ; 0.00 Increment ; I 0.00 Increment ; I 0.00
— Labels  Labels  Labels
Yalue font size Unit fant size Walue font size Uriit fank size Walue font size Urit fant size
g = E= IS 3, IS 3, IS - IS =
W Linked values W Linked values W Linked values
Yalue decimal precizion Walue decimal precizion Walue decimal precizion
[ Autornatic or : |3 3, Diigits v Autornatic o : IU 3, Digits I Automatic or : |3 3, Digits

l-'L Cloze |

& Save defaults |

Figure 3-3 Axis Attributes

e (Color: the default Color option can be changed. The selected color is only limited by

05/20/2016

the graphics card and the Windows® screen parameters.
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Full Scale/Customized: The user has the choice to display all of the axis values («Full
Scaley) or only those which present some interest («Customizedy). In this case, specific
minimum, maximum and interval values can be set to improve the presentation.

Label Font Size/Title Font Size: The font sizes of each axis «Label» and each axis
«Value» can be setup. An additional option can link both values.

Label decimal precision: The decimal precision can be set on «Automatic» or user
defined. The «Automatic» choice will add three decimal values if they exist. To test this
feature, try to zoom in a part of the curve, the decimals will appear according to the
expected precision.

The Curve Attributes tab includes the displayed setup parameters for each graph.
The left hand side of the screen lists the loaded spectra. Select one of them and apply
changes described below.

NOTICE: The changes applied in this screen are only valid to the currently displayed

graphs. If you wish to permanently apply a set of colors, lines etc.. read the next chapter
carefully: New Curve Attributes.

Current graphic attributes E3 I

General attributes I Luwis atibutes  Curves attributes | Mew curves attibutes |

— Left awiz connected curve 1 Right axiz connected curee

v isible W isible

Line : Line :

Color : Color : -

Style : I— v| Style : I— vl
Thickness : I'I 3,, Thickness : |1 3,
Paints ; Paints :

YWigihle : I Wigihle : I

Style I ® vI Style I & vI
Height [z 2] Height [2 2]
wigh — [3 Z wigh — [3 2

fL Close | Sawe defanults |

Figure 3-4 Curve attributes

Visible: deselecting this option will remove the graph from the display screen.The Line
parameters allow the user to choose the visual characteristics for each graph: color,
style, thickness.

The Points parameters can activate the data points display as well as the visual charac-
teristics for these data points.

The New Curves Attributes tab is an important screen as it includes powerful features
related to the graphs attributes of the entire DeltaPsi2 Software.
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time» and does not automatically refreshed the changes.

This screen will be used for the following purposes:

Graphics Screen

Change the graphs and data points attributed to each files group (Material, Experimen-
tal curve and Simulation curve). These changes can be momentarily applied if new
graphs will be added on the currently opened graphs or permanently if you choose to

save the changes using the Save to profile.. or Save defaults buttons.

The Color attributes follow the same philosophy: new selected color will be applied
only if new graphs are retrieved to the current graphs screen. The selected colors will be
permanently used if you choose Save defaults option or saved as a profile if the Save to

profile.. option is selected.
i
only for the files belonging to the same group.

Groups reminder:

« IMPORTANT: the changes saved through the option «Save to profile» are valid

* Material: Alloy (*.ALY), Dispersion (*.DSP), Reference (*.REF), User Defined

(*.UDF),

* Simulation: Models (*.MDL), Modeling scenario (*.MLS), Bound Multimodel

(*.MMD), Serial Multimodel (*.MMD),

e Experimental: Spectroscopic acquisition (*.SPE), Kinetic acquisition (*.KIN),

Calculated file (*.CLC).

Current graphic attributes E3 I

General attributes I Byiz attributes I Curves attibutes  New curves attributes |

Simulation curve

Curve type : Line attributes : Paints attributes :
Style Thickress Yizible Style Height Width
haterial | [——=1] = | m = | E =
Experimental curve | I—j |1 | I [ ] j |3 | |3 |
S

Hi' SN = Hi: =i =

Detault curve colors

Foszition number Left axiz connected curvez | Right axiz connected curves Add

Delete |

1

2

Save to profile ... |

Load from profile ...

Delete prafile .. |

& Save defaults |

Figure 3-5 New Curves Attributes

Displayed data selection

The Displayed data selection feature allows the user to deselect graphs or spectrum from

the display screen. Click once on the button to display the following section screen:
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Selected file on which Show/Hide
will be applied

Filter displayed data

Source :
silicon2_WASE.spe

e Show all spectra of the selected file
ow all specira

Hidn Al apacus L Hide all spectra of the selected file
Show only one spectrum :
1

3
\ One spectrum selection among the

selected file spectra

 Close $ Close the window

% On the above Displayed data selection, at least one file must be displayed. Then, it is

impossible to remove all the spectra from the display screen.

E Color selection

The Color selection button is used to change color on one graph. The procedure is
described in the figure 3-6 below.

Then click on the Color selection button and
choose the new color

Click first on the graph EEEEREEEECTE
\ Left: IIc j X:IPhutun Energyj ;:F: 'l

| 0,250

[ 0,200
-{o7s0
--Jo,700
7 0850

__Jogoo

Figure 3-6 Color selection

3.1.1 Data Manipulation feature

The Data Manipulation is a powerful feature which allows a user to modify spectra. The
chapter “Data Manipulation” on page 117 describes all of the parameters and resulted
effects.
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3.2 Navigation Display Mode

This screen is the same as the Standard Display Mode except for the navigation cursor. To
activate/deactivate this mode, click on the icon. The navigation screen will be then
displayed.

Click on a curve then move the cursor using the left/right keys or left-click the mouse but-
ton directly on the curve.

A |Q|1:1|W [l e Bl o m|

Left: Ilc : | Phatan Energyj Hight:lls j

\

Navigation Display mode toggle switch

Navigation cursor

/

0,000

Cursor markers

/\

File name aimed by the cursor i an

Photon Energy (e

c -SiN.SE* 1 | Ic = 0,074 | Photon Enetgy =26ev | Is=-0758

| Y
)
=
wn
m

Number of spectra (current filename)

X axis value aimed by the cursor

Photon Energy (Ev) aimed by the cursor

Y axis value aimed by the cursor

3.3 Text Display Mode

The Text Display Mode allows the user to visualize the data in text mode. To activate this

mode, click on the icon.

To activate back the Standard Display Mode, click on the icon.
Figure 3-7 shows the Text Display Mode screen.
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Back to Graphics Display Mode — [

Print data text ]

Source - Spectum : |Fit - 1

1 Z4/10/2006
Save text to a file
(.txt and .rtf format available)

: 0.00*°
Copy selected text to clipboard ntegration time : 0 ms
Unit eV
First point :1.500
. . Last point : 5.000
Click on this area to choose Increment : 0.000
the source list to display
Configuration H 0 ° : Modulator

+45 ° : Analyser

Displayed Data :

Text mode data

Figure 3-7 Text Display Mode

The numerical values are displayed in text with however the following restriction:
* One curve, at a time, can be taken into account to display the numerical values,

e Only the data related to the selected displayed parameters (see Figure 3-1, “Stan-
dard display mode”, page 35) from the Standard Display Mode screen are shown.

As shown on figure 3-7, the buttons located on the top of the screen perform the printing,
saving to file and copying to clipboard features.

The displayed data can be immediately switched between the loaded sources using the
Source field.

Y oTIP: If you switch from the Navigation Display Mode to the Text Display Mode, the

selected data (cursor position) report the related numerical value (highlighted line).
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4 Acquisition

Acquisition is an important part of the DeltaPsi Software. This chapter concerns the data
acquired during one of the following acquisition modes: the Views real time acquisition
panel and the Spectroscopic and Multiwavelength acquisition processing.

4.1 Accessing

Double-click on the Manual Measurement % icon from the Button Bar menu.

CEERS B E

| ¥ FOWS PN S

If several applications are available, the following screen will be displayed:

Select the application
to load

% Ellipsometer |

% Reflectometer

74 LCE |

L] According to the chosen application, the use, the measured parameters and the

results should be very different.
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4.2 Views for UVISEL Ellipsometer

Acquisition

For UVISEL2 System, please see the chapter “Views and Setup for UVISEL2 Sys-
tem” on page 65.

The following real time screen Fiews is displayed when the UVISEL Ellipsometer System
is chosen:

rﬂ - Ellipsometer Yiews

[ 117.100 mV. @
g1 || 52571 mv is [ 0.00000
s2 || 9521m¥ e [ o0.00000

[ 0.43238

Rzw | [009416 @ SO Adjustment |

o)
2]
=

. @ B @
z

Ellipsometric data
- Z||w| o000 Al 0o000F
Integration Time I 200 ms r
g o
High Yoltage I 300 v o
= o | Semi-infinite model
User unit: = E
¥ =4 I 7.549 3 I 0.000
Micro-Spot I H E Er il
Configuration I I M=0° A=+45° ~| m
Background IBackgmund off j = n I 2.747 k I 0.000
—Motors
Monochromator j [=] Stgpl I;i ] Stgrtl I 2480 eV B)"'I 0.100 «|~| eV
Pause I Close I New spectroscopic | New multiwavelength |
[ADI = 70°

Figure 4-1 Views screen

The Views screen allows the user to setup acquisition parameters and control the
real time measured parameters.

The screen is organized by operating sections described below:
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Acquisition

e Top bar buttons,
* Real Time Graphics Screen,
* Measured signal selection panel,
* Acquisition parameters setup,
* Ellipsometric data setup,
*  Motors Control panel.
4.2.1 Top Bar Buttons
The Top Bar Buttons is located on the upper side of the Views screen.
(UV Filter icon) Activates/de-activates UV filter which protects the sam-
? ple from damaging UV light. The filter is a heavy side filter blocking
== wavelengths below 400nm.
g (Shutter icon) This toggle button controls the shutter located on the exit
path of the Light Source sub-unit.
S| (Monoch/MWL icon) Monochromator/Multiwavelength toggle button
will select the monochromator or polychromator (MWL)
2 OR
FUV/IHR320 (or HR460) will select the UV monochromator (FUV200)
or the IR monochromator. See your owners documentation for applicable
spectral ranges.
Click on this button to activate the following Hardware Options screen:
Cox| [T i
General options | MWL options General options MWL options |
—Chal Is validation
. ¥300 Nm 41331 eV =
A0l I =00 320 Nm 38748 eV
340 Nm 36468 eV
: [ 80.00mv 360 Nm 34442 eV
SOmin 50.00 IS ¥380 Nm  3.2630 eV
¥400 Nm 3.0988 eV
SOmax [ 120,00 mv ¥420 Nm 29522 eV
¥440 Nm 28180 eV
¥460 Nm 26955 eV
Modulator [ o000 - ¥ 480 Nm 25832 eV
500 Nm 24798 eV
[ 4500 - 520 Nm 23845 eV =
R il 540 Nm 22982 eV
¥560 Nm 22142 eV
Phil dulat I -Fo.oo = 580 Nm 21378 eV
AR MEOD Nm 2 0BR5 eV
(620 Nm 19988 ev
Phi2 (analyser) | 70.00 © 640 Nm  1.9374 eV
(660 Nm 18787 eV
0680 Nm 18234 eV [
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e The AOI (Angle of incidence) parameters informs the user about the real inci-
dence angle of the ellipsometer.

e The user can choose a finite SO range (minimum and maximum) in which the
High Voltage value is adjusted to achieve minimum<SO<maximum. Function
is performed when the «SO Adjustment» button is pressed in the Views screen
(See “Real Time Graphics Screen” on page 46). High Voltage is applied to the
Photomultiplier tube (PMT).

j Click on this button to visualize the measurement statistics. The following
{25 screen shows an example of such a screen.

Real time statistics EEE

Average St dewviation Minimum Maximum
s | 109398 | 4985 | 100483 | 120.266
ST 50.224) 10.514] | 25.474 | 68.545
sz | 9938 | 107] | 8143 | 12.349
Bl 0.44400 [ 0.09975 | | 0.21423 | 0.65397
R2w | 010542 001200 | 008712 | 0.13921
re 010542 0.01200 | | 0.08712| | 0.13921
B 0.44400 [ 009975 | | 021423 | 0.65397
Points count = 50

i The DeltaPsi2 Software can control, as shown above with the MWL (Multi-
WaveLength) sub-unit, many different peripherals which are options to the sys-
tem. If one or several options are not included to the system, the command button
will be deactivated and will be shown graphically in greyed. If the MWL sub-unit
is not delivered with the System, the MWL tab will not be displayed.
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4.2.2 Real Time Graphics Screen

250 —aignal

7 OO O O O O T | 7y °
e e [ R
s EE R rs2 [ 1055my| e [ o000
50/ """ T | oBw [ 08219 M|
L - H
0 5 10/5 20 25 30 35 40 45 r Raw) [0.11454 S0 Adjustment
, N[0 8 seediemen]

/

Selected signal display SeleFted signal Numerical real time parameters
(here SO is displayed) to display display

@, | This icon will display the S0, Rw, R2® using large digits

S0 Adjustment | Click on this button to calibrate S0 offset

This button is displayed only if MWL is installed. Click on this button
to calibrate all the channels

Figure 4-2 Real Time Graphics Display

S0 DC signal measurement

S1 First harmonic level measurement (50 kHz)

S2 Second harmonic level measurement (100 kHz)
Ro Normalized measurements

R2m J1 = first harmonic of the Bessel function

J2 = second harmonic of the Bessel function

Is and Ic Variables which are used in the ellipsometric general
equations.

4.2.3 Acquisition parameters setup

This part is composed of two-tab screen. The first tab concerns the acquisition
parameters, the second, the XYZ table and hardware extensions setup.
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Acquisition

¢ Acquisition Parameters..

Wavelength
Integration Time
High Voltage
User unit:
Micro-5pot
Configuration

Background

[4.133 =l >
| 200 ms N
@
| 300 v g"E' %
s 5
| d| 2
(- M=0° A=+45° ~| R
IBackgruund off j £

Enter the appropriate parameters related to the acquisition. The parameters are detailed

below:

Wavelength
(if MWL available)

This parameter is only available if the MWL is installed and
selected with the icon button |/ = I | Each wavelength of

=

the MWL can be selected and parameters below set.

Integration Time

Enter the Integration Time value. The integration time is the
amount of time allowed for the signal to be acquired for each
measurement point. In general, select the shortest integration
time that will give sufficient S/N for determining essential
spectral features

High Voltage Enter the High Voltage value to be applied to the Photomulti-
plier Tube(s) (PMT).

User Unit Enter the user working unit. The choices are eV, cm-1, nm, A,
pm

MicroSpot The beam diameter can be set on the Micro-Spot sub-unit.

(If MicroSpot avail.) | The choices are 1200, 250, 120 and 60 pm.
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Configuration

Select one of the preprogrammed configurations. These con-
figurations are chosen from the Acquisition Parameters screen
located in the Software Option section (see “Observables
Setup” on page 17)

Test position:
M=(° A=(°
Configuration II:
M=0° A=+45°
M=0° A=-45°
M=90° A=+45°
M=90° A= -45°
Configuration II1:
M=+45° A=+45°
M=+45° A=-45°
M=-45° A=+45°
=-45° A=-45°
Other:
M=-45° A=(°
M=+45° A=90°

Background

Background off: performs a noise background measurement
before an acquisition. This noise background will be sub-
tracted from each data point acquisition.

Background on:

If the Background box is checked, for each data point, two
acquisitions will occur. The system will close the shutter
located on the light source path and perform an acquisition. A
signal plus dark acquisition will be performed with the shutter
open. The dark acquisition will be subtracted from the signal
plus the dark acquisition. This technique minimizes the effect
of any drift conditions that may occur.

Automatic Background

If the Offsets calibration has been performed, a results file
(background.ini) has been saved on the hard disk. If an acqui-
sition is launched using this mode, the [SOpsckground noise

(HV)] will be subtracted from the acquisition data.
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e XYZ Stage and hardware extensions Setup

Click on the XYZ Stage tab to display the control panel of the motorized XYZ stage. Of
course, this screen will be active only if the System includes a motorized Stage

LS ISP NN
F F F F F F Y Y rF F F F Y F Y
==~ = = ]~ S
10010 1 01 001000110010 1 0.1 0.010.001
Muvel I 0.000 mm Muvel I 0.000 mm
—Z axis ~Control
:I A :l :l Luﬂdl Flesetl Manual
1LI %l % ﬂ.l;;]1 Fix | Release |
Move | I 0.000 mm Joystick on| Joystick off

| sfeys o x Si2j@welded

Figure 4-3 Stage control panel

Acquisition

Each axis can be precisely set using decimal buttons or by entering the value in millime-
ter with the keyboard. The Move button validates the value.

The Control section includes additional hardware features:

e Load/Reset/Manual: these buttons are active only with specific motorized stages,

* Fix/Release: activate/deactivate the sample vacuum circulation process which fix or

release the sample on the stage (if available on the System),

» Joystick ON/OFF: activate/deactivate the joystick control instead of the Software
control, described above (if available on the System).

e PEM setup

The PEM control panel shows the Modulator part status. This panel will be mainly used
by the Service Staff. The Restart PEM button performs the Modulator reactivation if
the Modulator electronic board has lost control on it.

The analog indicator shows the PEM status. If the PEM works fine, the indicator stays
on the green range, with some very short variations to red.

Power

YiMod

Heater

Frequency I

| 65016.00
51000.00 i
| 0
a0
L T[]

abejs ZAX
slajoweled

W3d
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4.2.4

Ellipsometric Data

Acquisition

The Ellipsometric data section of the Views screen is only for informational pur-
pose.

~Ellipsometric data

y| 13.832f

Semi-infinite model

g  0.375
n

I 0.617

I 77.024°

A
ei| -0.091
k| -0.074

¥ and A

Calculated values based on the configuration

m
-

<0

~ =

Calculation for a semi-infinite model.

4.2.5

Motors control panel

The Motors control panel allows the user to control each of the System Motors.

Stop the motor

movement \

Up/Down
motor activation
by increment

Target value

Motor increment

value

R

Monochromator
Modulator
Analyser

Phi 1 {(modulator)
Phi 2 (analyser)
X stag

Y sta

Motors
|:Munuc:hrumatur j

[=] Stgpl :

Blsar| | 24799  ev

By| 13777 eV 4~

/

Select the motorized
device

/

Start the motor
movement

/

Change motor
increment

Figure 4-4 Motors
control panel

Figure 4-4 and the table below show how to use the Motors control panel.
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Motors

Select the motorized device to move. Only the current
devices of the System are listed.

Start

Start the motor to the entered target value. In this case, the
motor will use the entered increment value. The target and
increment values fields are located on the right hand.

Up/Down buttons

The Up/Down buttons will move the selected motor by one
increment. The increment value is the value entered in the
field located on the right hand side.

Stop

Stop the motor movement.

Target value

Enter in this field the target value for the selected motor.

Motor increment value

Enter the motor increment value.

Motor increment
buttons

The Motor Increment buttons increase or decrease the incre-
ment value by one elementary programmed increment.

4.2.6 Running real time acquisition

Start real time acquisition

Exit the current screen

4.3 Spectroscopic Acquisition for UVISEL Ellipsometer

The Spectroscopic acquisition is the most standard mode. It usually concerns acquisitions
which are performed on a specific wavelength range with a monochromator.
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4.3.1 Accessing

Click on the New Spectroscopic button from the Views screen.

Accessing the Spectroscopic screen

Run acquisitioni| Close New spectroscopic New multiwavelength

......................................

4.3.2 Spectroscopic acquisition setup

The following Spectroscopic Acquisition Setup screen will be then displayed:

@ Acquisition Routine - Noname2_acq

Spectroscopic mono acquisition setup | Graph setup | Graph I

I~ Acquisition simulation

Spectrum range

rConfiguration choice—————— User unit : ev =
INn merge j Start - 3.000 gy
[ M=0" A=+45" = End : 4.500 ay

Increment : I 0.100 ev

Mode : |Standard j
Micro-Spot - I 120 um e
Background : IBﬁckground on -
Protection UV : Off -4
High Yoltage : IAulumatic '”250 W Incidence angle : I 70.00 -
S0 Min - I 80 mv Integration time - I 1| 200 ms
S0 Max : I 120 mv Accumulation : I 1

|$ Triggers|| §d Views I " Run | Save | Save As |Save Defaultsl

Figure 4-5 Spectroscopic acquisition setup

Before performing an acquisition process, a routine must be created. Each of the
parameters is detailed below:
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Routine Name

The Routine name is displayed on the top blue header. By
default, the «NonameX» is displayed. To rename the routine,
click on the Save As button and enter the new name.

Acquisition
Simulation

Checking this option will inhibit access to external hardware.

Configuration choice

Choosing a Merge method is useful to increase the precision on
the Psi and Delta measurements according to the sample char-
acteristics.

Additional choices are added to chosen method.

No merge: Psi and Delta are calculated from one acquired
spectrum,

Standard merge: An acquisition method which includes 2
acquisition scans. The first scan is done with Configuration II.
The second scan is done with Configuration III. The final spec-
trum is obtained in the following manner: «Delta» curve is
taken from the Configuration II scan. «Psi» curve is taken from
the Configuration III,

High Accuracy merge: An acquisition method which includes
2 acquisition scans. The first scan is done with Configuration
II. The second scan is done with Configuration III. The final
spectrum is obtained in the following manner: «Delta» curve is
taken from the Configuration II scan. «Psi» curve is calculated
by taking the Is and Ic from configuration III and «Deltay» from
configuration II with the following formula: Tg(2 * Psi) = IsII/
[IcII * Sin(Deltall)],

Smart merge: An acquisition method which includes 2 acqui-
sition scans. The first scan is done with Configuration II. The
second scan is done with Configuration III. The final spectrum
is obtained in the following manner: «Delta» curve is taken
from the Configuration II scan. «Psi» curve is composed from
several segments. The limits of segments are determined by
some specified «Psi» threshold value crossed by the «Psi»
curve (for example 40°). The segments with «Psi» less than
this threshold value are taken from the Configuration II, if the
values are over, they are taken from Configuration III.

MicroSpot

The beam diameter can be set on the Micro-Spot sub-unit. The
choices are 1200, 250, 120 and 60 pm.
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Background

A high background level can mask weak features and reduce
the dynamic range of the Real Time Control.

i Before applying the «background» feature, be sure that

the offsets calibration procedure has been performed. This
calibration should be performed at least once a year or in
case of important changes of the system, e.g. PMT replace-
ment.

Background off: performs a noise background measurement
before an acquisition. This noise background will be subtracted
from each data point acquisition.

Background on:

If the Background box is checked, for each data point, two
acquisitions will occur. The system will close the shutter
located on the light source path and perform an acquisition. A
signal plus a dark acquisition will be performed with the shut-
ter open. The dark acquisition will be subtracted from the sig-
nal plus the dark acquisition. This technique minimizes the
effect of any drift conditions that may occur.

Automatic Background:

If the Offsets calibration has been performed, a results file
(background.ini) has been saved on the hard disk. If an acquisi-
tion is launched using this mode, the [SOy,ckground noise (HV)]

will be subtracted from the acquisition data.

Protection UV

Choice is ON or OFF

ON: activates a filter to protect the UV sensitive samples.

High Voltage

The user has the choice between two High Voltage modes:
* Fixed
Enter the fixed high voltage value in the related field

(located on the right). During the acquisition, the high volt-
age value will not be changed.

e Automatic

The software performs an automatic feedback control on
this relation: HV = f(S0) using a calibrated HV curve and
the SO measured value.

S0 Min / Max

Choose a SO range (minimum and maximum) in which the
High Voltage does not change.

User unit

Enter the user working unit. The choices are eV, cm-1, nm, A,
pm.
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Spectrum Range

Enter the wavelength limits and increment step of the mono-
chromator acquisition.

Mode

Standard: The standard spectroscopic acquisition mode will
be performed.

Variable angle: one spectroscopic acquisition will be per-
formed for each PHI angle. Obviously, the «Modulator» and
«Analyzer» angles change at the same time by the same angle
increment.

The user can set the Start, End and Step values. If the Phi (Ana-
lyzer) adjustment box is checked, the Analyzer head will auto-
matically move up and down to find the maximum strength of
the reflected beam. This optimization process is performed for
each new angle.

Incidence angle

Enter the incidence angle: angle determined between the Mod-
ulator, the sample and the Analyzer.

For information:

- Measurements for most semiconductors are usually made
around 70°-75°,

- Measurements on transparent materials are made at around
60°.

Integration Time

Enter the Integration Time value. The integration time is the
amount of time allowed for the signal to be acquired for each
measurement point. In general, select the shortest integration
time that will give sufficient S/N for determining essential
spectral features.

Accumulation

The signal/noise ratio may be improved by performing more
accumulations per spectrum, where each accumulation is an
individual integration time. Again, for » number of accumula-
tions, the signal/noise ratio will improve by the square root of
n. The trade-off is that the experiment takes » times longer.

Click RUN to perform the acquisition. The results are saved in a file. This file is
located in the Acquisition Data folder. Select this folder then double-click on the
acquisition file. The results will be then displayed.

NOTICE: The Triggers feature will be available soon but is not yet active.

DeltaPsi 2 Software

55




05/20/2016

HORIBA

Scientific

4.3.3

Graph Setup

Acquisition

Graph Setup tab allows the user to setup the acquisition graphics presentation.

@ Acquisition Routine - test.acq

Spectroscopic acquisition setup Graph setup |Graph |

r Graphs number

fy Single graph

" \Two graphs

¢ Khree graphs

AN

~Graph 1

)

IlIJ 'l I
Right axis : Iﬁ 'I%I

Left axis :

\ Select observables

Select the appropriate
display parameters for
each graph

color

—Graph 2

Left axis : v

Right axis : |&

—Graph 3

v | .|
Rightaxis: |6 | ml-|

Left axis :

—Graph 4

Left axis : I"I" 'l -|'|
Right axis : I& 'l -|'|

Choose the display

Save | Save As | Save Defaultsl

display
Run the graphics

4.3.4

| |
/

Graph

If the RUN button is activated from the Spectroscopic acquisition setup or the
Graph setup screen, an intermediate screen is then displayed which allows the
user to fill in various information fields which generate the file name (see
figure 4-6). Click on the OK button to start the acquisition. The Graph tab is
automatically switched to display acquisition results.

Here below is an example:
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Enter the acquisition kS
Lot and sample name === tormams—# Lot

which will be used |ampie B Sarpilc

to create the file
name (see below)

Comments : El

Enter comments —— ™

Click OK to start acquisition
~~

¥ 0K X Cancel

Rasult file name :
200302 17Noname3Lotld Sampleld 17h B1mm 165 spe

Resulted file name —_—

\ =
—

Figure 4-6 Information screen

Here below is an example of acquired spectra if four graphs are chosen:

@ Acquisition Aoutine - Nonamel.acq

Spectroscopic acquisition setup | Graph setup Graph
#2 TR7}350 45
AT \'1—300 0780
35}-t- ] 35
H | | . H [-250 i H i
D e b Rl s
= o ; _Jeco
w3 . A
0 -~ 150
i ~F100 F1o0
10 . b
5
25 350 350
i - If3o0 B Sl
35 -
' |-250 ' L2500
30 - -]
__Jeon __Jeoo
4
F1s0
F1oo 15
Fe 10
=]
t i t t f t t t t f
2 3 4 5 6 2 3 4 5 6
e e
‘ Stop Acquisition finished Close |

Figure 4-7 Graph screen
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4.4 Multiwavelength Acquisition for UVISEL Ellipsometer

The Multichannel Acquisition mode is also called Multiwavelength. This acquisition mode
uses a spectrograph which includes 32 photomultiplier tubes. If the Spectrograph includes
a motorized wavelength scanning device, a multiple (up to 5x) of the elementary amount of
points could be analyzed. The full range on a System could be able to measure up to 160
wavelengths points. The result is a very fast spectrum acquisition.

4.4.1 Accessing

Click on the New Multiwavelength button from the Views screen.

Accessing Multiwavelength screen

Run acquisition| Close New spectroscopic New multiwavelength

4.4.2 MWL Acquisition Setup

The following MWL Acquisition Setup screen will be displayed:

@ Acquisition Routine - Noname1.acq

Spectroscopic MWL acquisition setup | HY values | Graph setup | Graph |

—Spectral range

[~ Acquisition simulation User unit - eV j
: ; - Start : 1.35 ev
Configuration choice e 213 |
No merge > .
I M=0° A—td5 — [~ Use only one modulation
: =0% =+45° e i
= Number of wavelength : |32 points j
Number of mirror shifts : 1
Default values |
Mode : |Standard T
Micro-5pot : I j J
Background : IBackgmund an j
Protection Uv': IOﬂ j

High Voltage :  |Automatic |

S0 Min : I 80.00 mv Incidence angle I 70,00 *
S0 Max : | 120.00 mv Integration time : | 1 x | 200 ms

ﬂTriggersl § Views | " Run | | Save AslSﬂve Defaultsl

Most of the parameters are the same as those found in the Spectroscopic Acquisi-
tion Setup.
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Before performing an acquisition process, a routine must be created. Each of the
parameters are detailed below:

Routine Name

By default, the «NonameX» is displayed. To rename the rou-
tine, click on the Save As button and enter the new name.

Incidence angle

Enter the incidence angle: angle determined between the Mod-
ulator, the sample and the Analyzer.

For information:

- Measurements for most semiconductors are usually made
around 70°-75°,

- Measurements on transparent materials are made around 60°.

User unit Enter the user working unit. The choices are eV, em-1, nm, A,
pm.

MicroSpot The beam diameter can be set on the Micro-Spot sub-unit. The
choices are 1200, 250, 120 and 60 pm.

Background A high background level can mask weak features and reduce

the dynamic range of the Real Time Control.

% Before applying the «background» feature, be sure that

the offsets calibration procedure has been performed. This
calibration should be performed at least once a year or in
case of important changes of the system, e.g. PMT replace-
ment.

Background off: performs a noise background measurement
before an acquisition. This noise background will be subtracted
from each data point acquisition.

Background on:

If the Background box is checked, for each data point, two
acquisitions will occur. The system will close the shutter
located on the light source path and will perform an acquisi-
tion. A signal plus dark acquisition will be performed with the
shutter open. The dark acquisition will be subtracted from the
signal plus the dark acquisition. This technique minimizes the
effect of any drift conditions that may occur.

Automatic Background:

If the Offsets calibration has been performed, a results file
(background.ini) has been saved on the hard disk. If an acquisi-
tion is launched using this mode, the [SOp,ckground noise (HV)]

will be subtracted from the acquisition data.
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Protection UV Choice is ON or OFF
ON: activates a filter to protect the UV sensitive samples.
Accumulation The signal/noise ratio may be improved by performing more

accumulations per spectrum, where each accumulation is an
individual integration time. Again, for n number of accumula-
tions, the signal/noise ratio will improve by the square root of
n. The trade-off is that the experiment takes n times longer.

Integration Time

Enter the Integration Time value. The integration time is the
amount of time allowed for the signal to be acquired for each
measurement point. In general, select the shortest integration
time that will give sufficient S/N for determining essential
spectral features.

High Voltage

The user has the choice between two High Voltage modes:
* Fixed
Enter the fixed high voltage value in related field (located

on the right). During the acquisition, the high voltage value
will not be changed.

e Automatic

The software performs an automatic feedback control on
this relation: HV = f(S0) using a calibrated HV curve and
the SO measured value.

S0 Min / Max

Choose a SO range (minimum and maximum) in which the
High Voltage does not change.

DeltaPsi 2 Software

60




05/20/2016

HORIBA

Scientific

Acquisition

Configuration choice

Choosing a Merge method is useful to increase the precision on
the Psi and Delta measurements according to the sample char-
acteristics.

Additional choices are added to the chosen method.

No merge: Psi and Delta are calculated from one acquired
spectrum,

Standard merge: An acquisition method which includes 2
acquisition scans. The first scan is done with Configuration II.
The second is done with Configuration III. The final spectrum
is obtained in the following manner: Delta curve is taken from
the Configuration II scan. Psi curve is taken from the Configu-
ration III.

High Accuracy merge: An acquisition method which includes
2 acquisition scans. The first scan is done with Configuration
II. The second scan is done with Configuration III. The final
spectrum is obtained in the following manner: «Delta» curve is
taken from the Configuration II scan. «Psi» curve is calculated
by taking the Is and Ic from configuration III and Delta from
configuration II with the following formula: Tg(2 * Psi) = IsII /
[IcIII * Sin(Deltall)],

Smart merge: An acquisition method which includes 2 acqui-
sition scans. The first scan is done with Configuration II. The
second scan is done with Configuration III. The final spectrum
is obtained like following: «Delta» curve is taken from the
Configuration II scan. «Psi» curve is composed from several
segments. The limits of segments are determined by some
specified «Psi» threshold value crossed by the «Psi» curve (for
example 40°). The segments with «Psi» less than this threshold
value are taken from the Configuration II, if the values are over,
they are taken from the Configuration II1.

Mode

Standard: The standard spectroscopic acquisition mode will
be performed.

Variable angle: one spectroscopic acquisition will be per-
formed for each PHI angle. Obviously, the «Modulator» and
«Analyzer» angles change at the same time by the same angle
increment.

The user can set the Start, End and Step values. If the Phi (Ana-
lyzer) adjustment box is checked, the Analyzer head will auto-
matically move up and down to find the maximum strength of
the reflected beam. This optimization process is performed for
each new angle.
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Spectral Range Start/End: enter the working wavelength range.

It is important to know that limits are defined according to your
System configuration.

% It is recommended to really enter your minimal working
coverage to increase scanning speed.

Use only one modulation: checking this option will use a
fixed modulation amplitude. In this case, acquisition time is
faster but the measurements precision is slightly reduced in the
IR range.

Number of wavelength: Depending on your System, up to 5
wavelength points ranges can be selected.

i How is it determined ?

The Multiwavelength Spectrograph includes 32 photomulti-
plier tubes. Each of these PMTs analyzes one wavelength on
the Spectrograph exit. If you choose a limited working range, a
limited amount of PMTs could perform measurements. These
limited measurement points are the lowest value displayed in
the Number of wavelength field.

Now, if your Spectrograph includes a motorized wavelength
scanning device, a multiple (up to 5x) of the elementary
amount of points could be chosen. For example, if you select
the full range of your System, it should be able to measure up
to 160 wavelengths points.

Number of shifts: this is only an information field which indi-
cates the number of mirror shifts are required to cover the
amount of wavelengths on the specified wavelength coverage.

Default values: click on this button to enter the default param-
eters.

Click RUN to perform the acquisition. The results are saved in a file. This file is located in
the Acquisition Data folder. Select this folder then double-click on the acquisition file.
The results will be then displayed.

NOTICE: The Triggers feature will be available soon but is not yet active.
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4.4.3 Graph Setup

Graph Setup tab allows the user to setup the acquisition graphics presentation.

@ Acquisition Routine - Noname3.acq

MWL acquisition setup | H¥ values Graph setup |Graph I
Crapk Select the appropriate
00 sl s display parameters for
e each graph
" \Three graphs @
P dieai Choose the display
color
* Select observables
—Graph 1 N\ —Graph 2
Left axis I"I"—L,ll Left axis
Right axis m&l Right axis
/
—Graph 3 —Graph 4
Left axis IlIJ—L,ll Left axis

Run the graphics Save options
display

Figure 4-8 Graph Setup

4.4.4 Graph

If the RUN button is activated from the MWL acquisition setup or the Graph
setup screen, an intermediate screen is then displayed which allows the user to
fill in various information fields which generate the file name (see figure 4-9).
the acquisition starts and the Graph tab is automatically switched to display
acquisition results.
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Enter the acquisition

Lot and sample name
which will be used

to create the file
name (see below)

Enter comments — ]

Click OK to start acquisition
~

Sarmple nal

Comrnents :

— >

ToTTarme »lLoTId

Resulted file name — |

Acquisition
E
ISampIeId
-
|
' OK X Cancsl
Rasult file name :
2003.02 1" Noname3iLotld Sampleld 17h B1mm 165 spe

\
T

Figure 4-9 Information screen

Here below is an example of acquired spectra if four graphs are chosen:

@ Acquisition Routine - Noname1.acq

435

Spectroscopic acquisition setup | Graph setup Graph

a04-

“ s

}-350 45

Figure 4-10 Graph screen
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4.5 Views and Setup for UVISEL2 System

The UVISEL2 System is a complete automated System of integrated devices for acquisi-
tion and treatment of ellipsometric data.

4,51 Accessing

Double-click on the Manual Measurement % icon from the Button Bar menu.

The following real time screen Views is displayed:

5/ - UVISEL 2 Views | -8l x)

(| Measurement [ample Vision | Tilt Vision

& s0 148439 =y | 11
81 -11.377 =mv L A
200
150 C 82 -5.758 mV
Is -0.06938 Ic -0.06362
100
s e | -0.06764 ¥ 46.82381 & 356.01356
0 © R2a| -0.0513 n [ 093904 k | -0.00787
0 5 10 15 20 25 30 35 40 45

1 —
IAeq A
|‘ Integration Time : » 200 ms Monochromator : 450.00 nm

2 HV / Slit Mode Fixed 2 Configuration : I: M=0" A=0" =

p High Voltage 250 v Incidence angle - 70000 *
3 Slit Width i 1.000 mm \
1

Pause measurement

10

Z Autofocus

M

Figure 4-11 UVISEL?2 Views screen

The Views screen allows the user to setup acquisition parameters and control the real time
measured parameters.

The screen is organized with acquisition parameters described below:

1 Integration time field 7 Incidence angle field
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2 High Voltage, slit mode: manual or 8 Ellipsometric mode selection

automatic
3 High Voltage field 9 Monochromator Wavelength field
4 Slit width field 10 Real Time measurements panel
S Pause the measurement 11 Xenon Lamp power ON/OFF

6 Run Autofocus

4.5.2 Real Time measurements panel

Large display | -

toggle button ,,,,, FEE0 ;‘ i|
:E:: [ 0007 so
1T [ oosest Rw
___ e | -0.36451 R2w

45

Xenon lamp ON/OFF toggle button

Measurement | Sample Vision | Tilt Vision
. - UaY =

300 J J
@

20 1377 v =
200 |
el 5758 m¥

Is [ 006938 1Tc | -0.06362
100 |

-0.06764
¥ | 4682381 a | 356.01356

24| -0.05131 n [ 093904 x | -000787

%

Selected signal display selected signal for Measured signals
here SO is displayed graphics visualization
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4.5.2.1 Measurement and Autofocus

Acquisition

IMPORTANT: the icon |i| is a toggle button which turn the Xenon Light Source ON or OFF.

|

H oe

SR @8 bt i & | Bl ] 0 K| B
~11gd | |2 |
= Measurement [Jsample Vision | Tilt Vision |
I
1 350 @,
= @ 80 105664 mv
300
250 © sl [ 97604 mv
200 Is 0.87766
150 ; ¢ 82 -32.456 mv
: Ic -0.47276
100 : [ ussnz
T  Ra 0.89002
‘. 4z2.74027
50 ;
0 :  R2a -0.35585 a 118.30937
0 5 10 16 20 25 30 35 40 45
Acquisition Par
Integration Time : 200 ms Monochromator : 450.00 nm
HV / Slit Mode : = Configuration : II: M=0" A=+45" -

Incidence angle : 700000 -

Pause measurement Z Autofocus

DeltaPsi

eServer

USB Server

Current profile : Default [

The aim of this procedure is to perform the Autofocus.

1

; The Autofocus is based on the level of the detected signal.

Select the acquisition parameters (red frame) shown on the window above: the
selected acquisition parameters are the «standard» which allows to control the overall

measurements results.
Place an Al sample on the Sample Stage.

Click on the Autofocus button

Z Autofocus

to perform the automatic Z

Autofocus. Once done, your system is ready for the next step: Vision adjust-

ment.
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The sample vision allows the user to adjust the sample area and the light source

spot on this sample.

$/ - UVISEL 2 Vie
Measureme Sample Vision Vision

ESEE |

1 |
\ | zusuxns:::ns(i?l:j =] Optical D:.I:; 25 ~|
2 \‘ Predefined Positions XYZ Steps Current Position
3 Calibration Sample AILI . " ST
Reference Sample 4 J_’I S v 15000 T
4 Home Ve IEEDn z 34585 mm
Loading froo™7=]  oso - o |
4
> /7 \ \
6 7 8 9 10 11 12
1 Spot Size selection. Select the size of the 7 Sclect or enter the XY step value
spot on the sample.
2 Move t}.le St.age *© .t}.le Aluminium sam- 8 Select or enter the Z step value
ple (Calibration position)
3 Move the Stage to the Reference SiO,/Si 9 7. stage joystick mode control
sample.
Move the Stage to the Home position Displays the XYZ current positions and
4 X,Y)=(0,0). A popup window asks for 10 editable fields to move manually the X, Y, Z
the sample thickness to position the Z positions. Click on the Go button to validate
axis. the entered values.
5 Move the Stage to the front to place or 11 ND (neutral density) filters selection
remove the sample.
6 XY Stage joystick mode control 12  Visualization of the spot on the sample

4,54 TiltVision

Third main step for setting the sample is the Tilt Vision control and adjustment. This powerful
feature sets the horizontal tilt of the analyzed sample surface to reach the exact spacial reflection

angles required for perfect analysis conditions.
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IMPORTANT: The Tilt adjustment must not be done on the reference sample (delivered
and located near to the stage); because this reference sample is not fixed on the mobile and
adjustable sample plate.

Procedure:

1 Verify that the laser (green) beam is oriented and reflected on the sample. If not, move

the sample under the laser beam,

2 Using the Left/Right control buttons, move the beam to see it on the screen,

3 Click on the Autotilt button, twice or three times to see the blue and yellow crosses
perfectly superimposed. The tilt is done.

4 IMPORTANT: Once Autotilt has been performed, it is important to launch the
Autofocus again: if Autofocus changes the sample position, run again the Autotilt.
This is due to the fact that the Autofocus and Autotilt settings are linked and interact
with each other. See procedure in the chapter “Measurement and Autofocus” on

page 67.

€«

NOTICE: The tilt can be done manually using the control buttons located the right
hand side of the screen (see figure below).

- UVISEL 2 Views

Measurement ] Sample Visiof

EILINSF=TES

Current Position

Tilt X: 3.324

Tilty: 3.209 mm

Tilt Steps

Tilt X Tilty

Manual Tilt Control option

- By entering values
then Click Go to vali-
date

t 1

¥ <‘

Step X (mm) Step Y {(mm)

o e

Tilt Calibration

Validate Tilt X Left position

Or by clicking the step
L by step control buttons

_ Step setup

Frame for service only

Automatic Tilt Control

Auto Tilt «——
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~f}=—_Stage Tilt done

4.6 Acquisition with UVISEL2

Once the sample has been placed on the stage and once the complete setup has been made
as explained in the chapter “Views and Setup for UVISEL2 System” on page 65, an acqui-
sition can be performed. Follow the procedure explained below:

f t ottt BB ] 2| X
S~
SW Userlibray  Neasurement t | Sample Vision | Tilt Vision |
CH &
>
“ N @ s0 0,003 =y
jirdv \\ &
\i<4 250 cos1 [ 0001 mv »
& B> Recipes o0
P Report Template
- 3 P - cox [ e
= P> Report: | ===
@ B> Application Library — e i~
1 y Application Library
50 Ellipsometer | Special |
STTE TG a R I Spectroscopic Ellipsometry Acquisition I
‘Acquisition Parameters =
Integration Time ‘
HV / Slit Mode Fixed
High Voltage : ‘
Slit Width : ‘
Pause
—3 zacng Acquisition Scenario
X Annuler

Select the «Spectroscopic Ellipsometry Acquisition» routine type

DeltaPsi

eServer

USB Server

Once the acquisition routine type is selected, a window displays the available parameters

need for acquisition.
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Select the appropriate acquisition type

/

Measurement Parameters

r r

' Run | 3 Views

ion Routine - Nonamel.acq

Acquisition Type : |Reflection Ellipsometry ﬂ

Acquisition Mode : |Standard -

Spot Size : 2030x705 pm (707 - Hih Acccuracy Merge IIl- M=-45" A=+45"

Monochromator Acquisition Parameters

Integration Time Mode : |Fixed Spectral Range Mode : |Manual -
Integration Time : 200 ms E
Spectral Unit : Start : End: Step :
lev -] [ 1.0000 60000 | 0.5000

Configuration Choice :

High Acccuracy Merge -

Incidence Angle : 70.00 °

Spectral Range

Save | Savess |

Routine Name

By default, the «NonameX» is displayed. To rename the rou-
tine, click on the Save As button and enter the new name.

Acquisition Mode Standard: The standard spectroscopic acquisition mode will
be performed.
Variable angle: one spectroscopic acquisition will be per-
formed for each PHI angle. Obviously, the «Modulator» and
«Analyzer» angles change at the same time by the same angle
increment.

Spot size Programmed beam size can be set. The choices are:

2030x705 pm (70°)
585x525 pum (70°)
250x220 pum (70°)
182x120 pum (70°)
140x70 um (70°)
85x35 um (70°)
765x705 pm (70°)
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Configuration choice

Choosing a Merge method is useful to increase the precision on
the Psi and Delta measurements according to the sample char-
acteristics.

Additional choices are added to the chosen method.

Standard merge: An acquisition method which includes 2
acquisition scans. The first scan is done with Configuration II.
The second is done with Configuration III. The final spectrum
is obtained in the following manner: Delta curve is taken from
the Configuration II scan. Psi curve is taken from the Configu-
ration III.

High Accuracy merge: An acquisition method which includes
2 acquisition scans. The first scan is done with Configuration
II. The second scan is done with Configuration III. The final
spectrum is obtained in the following manner: «Delta» curve is
taken from the Configuration II scan. «Psi» curve is calculated
by taking the Is and Ic from configuration III and Delta from
configuration II with the following formula: Tg(2 * Psi) = IsII /
[IcIII * Sin(Deltall)],

Mueller: An acquisition method which includes 2 acquisition
scans. The first scan is done with Configuration II. The second
scan is done with Configuration III. The final spectrum is
obtained like following: «Delta» curve is taken from the Con-
figuration II scan. «Psi» curve is composed from several seg-
ments. The limits of segments are determined by some
specified «Psi» threshold value crossed by the «Psi» curve (for
example 40°). The segments with «Psi» less than this threshold
value are taken from the Configuration II, if the values are over,
they are taken from the Configuration II1.

Incidence angle

Enter the incidence angle: angle determined between the Mod-
ulator, the sample and the Analyzer.

For information:

- Measurements for most semiconductors are usually made
around 70°-75°,

- Measurements on transparent materials are made around 60°.

Integration Time
Mode

Fixed: Enter the fixed integration time value in the related edi-
tor-field.

Integration Time

Enter the Integration Time value. The integration time is the
amount of time allowed for the signal to be acquired for each
measurement point. In general, select the shortest integration
time that will give sufficient S/N for determining essential
spectral features.

Spectral Range Mode

Manual: enter the Start/End/Step value (see below)

From File: load an acquisition file to retrieve the spectral
Range parameters.
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Spectral parameters

Spectral Unit: select the working spectral unit, nm or eV.

Start/End: enter the working wavelength or wavenumber
range.

It is important to know that limits are defined according to your
System configuration.

% It is recommended to really enter your minimal working

coverage to increase scanning speed.

Step: enter the step on the spectral coverage.

4.6.1

Launching acquisition

Once the acquisition parameters have been setup, click on the Run button to
launch the acquisition.

The following window will be then displayed: enter the Lot name, Sample name
and the comments about the acquisition, then click OK to validate.

Enter Sample information

Lotname [Testmerge

Sample name : [NIST 100

Comments

Click OK to validate the information

X Cancel
Result file name

2013.03 06\Noname11Testmerge NIST 100.18h 17mn 235 spe

| e ———

tion Routine - Noname1.acq

Acquisition Type : [Reflection Ellipsometry -

ETSSEIE]

Acquisition Mode : [Standard

5|

Spot Size

I~ Autofocus

[2030x705 um (70 ~|

I Autotilt

[1- M=0" A-ea5®

|
Incidence Angle 7000 °

Integration Time Mode : [Fixed

Integration Time

200

A window shows the acquisition progression

Current spectrum progress

Whole acquisition progress

[

EVR lnnnnA 6.0000 05000
1

o/ Bun | §4 views |
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B

RIS EIEY

Acquisition Type : [Reflection Ellipsometry -

Acquisition pr
Acquisition Mode : [Standard NP EBONEL EELE
Lt [ =] % [eveengn <] Fign:[lc =
1
I~ Autofocus I Autotilt U \ \
0

\ 0

0

Integration Time Mode : [Fixed 07 LN
0
o \\ e

Spot Size [2030x705 um (707)

Integration Time 208 |

0 P
. e
200 400 600 800 1,000 1.200
Wavelength (nm)
[Sandard scquistionraton & M-0P 4| 50475 | | Wavekngth— 1230840 | k-08%

Current spectrum progress : [l

Whole acquisition progress I

Estop | [l Close

o Bun | §4 views | save | Savess |

Once the acquisition is done, the results are displayed

=

5 T oo oo B e B

|
Ew 2 E
‘Acquisition Routines -
¥ User Lib

ry
P> Acquisition Routines Acquisition Type : [Reflection Ellipsometry ~!

P> Data Manipulation
P> Materials

P Models

P Multimodels &

P> Grid:
> Rgclspes Acquisition Mode : [Standard =l
P Report Templates High Acccuracy Merge .

V¥ Results
¥ Acquisition Data Spot Size [2030x705 um 70)  ~| [i: M-0" A-+a5" = [mM—a5"A-eas -]

([32013.01.14

(12013.01.16 B
(232013.01.29 I Autofocus I Autotilt Incidence Angle 70.00

Ll

By | (%
iy

Choice

| Spectral Range
(2 2013.02.06 Spectral
(1 2013.02.08 Integration Time Mode : |Fixed B Spectral Range Mode : |Manual s

(3 2013.02.23 Experimental File
020130226 Integration Time 200 ms || i

(21 2013.02.28 Spectral Unit Start End Step

S v d i [eoww [ osm6
@Jc
(1 JCmerge
}Eﬂﬂér__\
= €3 Nonamel
&2 Testmerge NIST 100.18h 17mn 23s spe >
-14-2013 calib sample.12h 03mn 0.
P Model
P Recipe Results
P Reports
P> Application Library

‘ i N o/ Bun | §4 views | save | Savess |

\

Default location of the acquisition data files, but can be changed according to
the «Software Options» setup: see “Software Options” on page 14.
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4.7 Views for MM-16 Ellipsometer

[ - LCE Views

HER

*

g

n

=

& ! !

= i ;
2 . | ;

\ 500 550 600 650 700 800 850
3 Wavelength (nm) 9
o~
Shutter status  Lamp LCstate  System ready f : i
Test| Intensity, adjustm
@ o o & : o
4 Messages from LCE server
Intensity max 64 % . 8
5 Integration time: 25 ms
Stop acquisiliunl
6 s
New LCE calibration
New LCE acquisition

7

Figure 4-2 LCE Views screen

The LCE Views screen allows the user to setup acquisition parameters and con-
trol the real time measured parameters.

The screen is organized by operating sections described below:

1 Graphics display area,

2 Status indicator lamps,

3 Signal Intensity max field,
4 Integration time field,

S Start/Stop acquisition button,

6 activates the automated calibration,

7 Displays the acquisition routine
screen,

8 area for the messages delivered by the
LCE server,

9 Intensity Adjustment test,
10 System Test,

11 Light Source ON/OFF (shutter activa-
tion),
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4.7.1 Acquisition Parameters Test

.I Preliminary

Before any acquisition setup and measurements, it is important to test the MM-16 System
integrity. Follow the procedure described in this chapter.

Verify that this button (light ON) is displayed: that means the Light Source beam
is delivered to the Input Head (default is activated),

2 Preparing the sample

To perform a calibration and a test, place an Aluminium sample (delivered with the Sys-
tem) on the middle of the stage. This sample must be now adjusted to reflect the exit beam
on the Exit Head.

% The Aluminium sample is suitable for calibration because its reflection covers a large
wavelengths range.

* Power on the Autocollimator; the vacuum activation is not required,
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* Look at inside and turn the two knurled knobs located below the stage to meet the
middle of the crosses.

Adjustment knobs

Bad Stage
adjustment

Good Stage
adjustment

* Turn the Z stage adjustment to increase and find the maximum signal level of the
spectrum displayed on the Views screen (Real Time display).

B - LCE Views HEE

110
0| S

ntensity %

600 650 700
Wavelength (nm)

Shutter status Lamp LC state  System ready 5 =
Test| Intensily adjustment
e o o @ = =

Messages from LCE server

Look at also for the
intensity level
displayed here Integration time:
Stop acquisition

MNew LCE calibration

New LCE acquisiliunl

Intensity max

25 ms

e press the button to test the overall MM-16 System: the «comments area»
8 should answer «LC Test Ok» message. If an error occurs, a message will be
delivered.

* Press the |Inlensit}.-r ﬂdiustmentl button to perform a signal intensity test: the
results will be displayed in the «intensity max» and «Integration time» fields. This
test can only be performed if a sample is placed on the stage.

L] During all these tests, the status lamps should be stay in green color. If not, an error has
been detected. In this case, an error message is displayed.
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L] During the tests, a sample must be placed on the stage.
4.7.2 System Calibration
Performs the steps described previously in the “Acquisition Parameters Test” on page 76.
The System is now ready to be calibrated from the DeltaPsi2 Software.
. Click on the |New LCE calibration | button to open the calibration screen.

S R e e
Mat. Acq. Mod. Rec. Tem

EXIEIREES 5 0o

Ml P2 - LCE views
B User Library

P Results

P Reporis

B Application Library

BEd 7%

Intensity %

650
Wavelength (nm)

Shutter status Lamp LC state  System ready . .
Test | Intensity adjustment
@ @ @ i Ed e e e

Messages from LCE server
Intensity max lT%

Integration time: 25 ms
Stop acquisition

New LCE calibration

CE acquisition

¥

LCE Wiews

] Current profile : application [ \

\
Open the Calibration routine screen

3 Launching the Calibration

Click on the Start calibration button to launch the automated calibration routine. If a pop-
up screen is displayed (see figure 4-3, page 79 below), click on the OK button. Wait for
about 10 minutes and the message «successfully ended» will be displayed. The System cal-
ibration is now performed and the parameters automatically saved.
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F%\‘g‘[zﬁw|mﬂ Achnd Rac sz |—" M é 9 o

User Library {8 LCE Calibration Routine - Noname2 acq
B> User Library
P> Results Calibration progress: |
--’ Reports
B Application Library

Calibration status:
Progress bar
Calibration status
Start calibration X Close | Save Save As

iy W

Noname?... LCE Views Noname;
Current profile ; [
Launching the calibration routine Saving the acquisition routine

% If the software displays the following error message «Calibration failed: Integration
time evaluation error, underflow. Calibration step stopped. No error descriptiony», that
means the aluminium sample has not been adjusted on the sample stage. See Z stage adjust-
ment on “Turn the Z stage adjustment to increase and find the maximum signal level of
the spectrum displayed on the Views screen (Real Time display).” on page 77.

4 The Save and Save As buttons will NOT save the calibration; they save the current Acqui-
sition Routine for a further use.

I LCE Calibration Routine - Honamel.acq

“7%\‘ g‘%|ma Acq o kecﬁ F"Ey“_
—_I

- User Library
P Results Calibration progress:  [HEEEN
=P Reports

-+ Application Library

Calibration status:

% LCE Calibration Routine - Noname1.acq

I LCE Calibration Rautine - Noname1._acq

Calibration progress:  [NEEEN Calibration progress:

Calibration status: Calibration status: successfully ended

Monamel... Start calibration X Close | Save | save As Startcalibation X Close

Current profile : application [

Mlstart|| | 7 F = 4 @ || @3 5oy - (528 5041 | Bywpvemicouchemine, .| ycnpettapsiz |[-& 30bin ¥von / Hori... @ LcEServer | (8B 161

Figure 4-3 Automated calibration steps

DeltaPsi 2 Software 79



05/20/2016

HORI BA Acquisition

4.7.3 Acquisition Setup routines

Do not touch the sample and the stage adjustment previously set for the Calibration.
From the Views screen, click on the |New LCE acquisition| button or from the TreeView

right-click on the Acquisition Routine and select New LCE Acquisition choice. The fol-
lowing screen will be then displayed:

HlER E| =

User Library

£
Eur

=% User Library
P> Acquisition Routines
- B Data Manipulation
P Materials
P Models
- B> Grids
P Recipes
- Report Templates

= > Resulls

{Setup |

—Acquisition criteri

* % & & %
at. Acq. Mod. Srd. Rec. Tem.

Rl | ()0 K & =

I LCE Acquis utine - Nonamel_acq

 Quality

& Measurement time

" Completely manual

Signal quality:

P> Reports
=B Application Library Measurement time: 15.0 sec
Integration time: 39 ms

Acquisition Parameters

o EE

Ewvaluate acquisition parameters |

Accumulation number: 13 = :

Wiews will be closed

Coming from the Views
screen, the following pop-up
screen notifies that the
Views screen will be closed.

~AO0I

 fixed 7000 °

Click OK to validate the

message.

i =
. e T oaw] — . Views screen shut down

could take 2 s. ==

Mstart|| | 1 O 2 5 || Bycipekapsiziceserverip...|[ A HORIBA 0bin Yvon ESAS 172

Acquisition parameters setup

Before starting an acquisition, the parameters must be set according to the sample. For our
test with the Aluminium sample, the following procedure will be performed. With another
sample, the same procedure should be performed as a start action; usually this automated
procedure will be enough to reach good measurement conditions.

% If the software displays the following error message «LCE server: Spectroscopic
spectrum error: Acquisition failed: Underflow». Three reasons could generate this mes-
sage:

1 The sample has not been adjusted on the sample stage. See Z stage adjustment on “Turn
the Z stage adjustment to increase and find the maximum signal level of the spectrum
displayed on the Views screen (Real Time display).” on page 77.

2 The sample is not enough reflective.

3 If the |Evaluate acquisition parametersl has not been activated. See below the description of
this feature.

DeltaPsi 2 Software 80



05/20/2016

HORIBA

Scientific

Higher is the level
better is the signal quality

Acquisition

The procedure described below will use a standard safely setup to reach good
results.

The screen includes three tabs: Serup which concerns the hardware, Display and
Graph which concern the displayed format.

» | Display | Graph |

< * Measurement time >  Completely manual

isition criteria

© Quality

~Acquisition P
Signal quality:

Evaluate acquisition parameters
Measurement time: @
Integration time:

1 Check these boxes first

=7
s
Accumulation number: 13 & :

/

-AOI
Cifxed  [7000 " /

2 Then click on the evaluate
acquisition parameters

B (37w

Save | Save As | Save as Default |

The automated mode with «Measurement Time» priority set the acquisition parameters
according to the entered total acquisition time. Filter activation is highly recommended.

Clicking on the [Evaluate acquisition parameters| button will modify the acquisition parame-

ters according to the time limit. Thus for a specific use, it becomes easy to choose the
«Quality» priority or the «Completely manual» mode to modify the parameters. In our
test, we will choose the «Measurement time» mode. Pressing the

|Evaluate acquisition parametersl button will generate results shown on the figure below:

—Acquisition criteria

" Quality * Measurement time " Completely manual
\\\
Manually fixed limit time i unliy: 31 ¥ Filter
(in this mode) —

Better integration time

Measurementtime:. I 20.0 sec

found by the program

Better accumulation

Integration time: . I 25 ms
Accumulation HUW

number found

¢ Click on the Save or Save As button to save the Acquisition routine.

Specific Setup

S

The Step 1 shows a «safe» acquisition setup for a good general results. In practice, it could
be useful to use the two other modes: «Signal Quality» and «Completely Manual.

In the acquisition setup screen, the Acquisition criteria area shows three different modes:
Quality, Measurement Time and Completely Manual.
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*  «Quality» mode uses the quality as a prior user parameters. The user can enter
a value from 0 to 100. 100 offers the best quality. In practice this mode is useful
if two or several samples are measured. If the quality is fixed, then the results
could be really compared between the samples acquisition results.

*  «Measurement Time» mode is useful for two applications:
- As a start acquisition setup (see in the Stepl)

- To limit the acquisition time: if several thousand measurements must be performed
on a wafer, it could be interesting to find the minimum acquisition time for an
acceptable result.

¢  «Completely Manual» is a mode for advanced users and specific conditions.

Quality: select a number between 1 and 100. Higher is the number, better will be
the quality.
Measurement time: time for an acquisition.

Integration time (completely manual mode only): enter the desired integration
time value. The integration time is the amount of time allowed for the signal to be
acquired for each spectrum. In general, select the shortest integration time that will
give sufficient S/N for determining essential spectral features. This entered value
is the CCD Integration Time and not the measurement time of the Ellipsometer.

Accumulation Number (completely manual mode only): enter the number of ap-
propriate accumulations, taken into account that the signal/noise ratio may be im-
proved by performing more accumulations per spectrum, where each
accumulation is an individual integration time. Again, for n number of accumula-
tions, the signal/noise ratio will improve by the square root of n. The trade-off is
that the experiment takes n times longer.

6 Advanced Acquisition (Option)

The Advanced Acquisition setup has been developed to create multiple recipes with very
different parameters setup. This feature is an option delivered with a licence key. Two dif-
ferent steps have been created to reach the desired flexibility:

¢ Initial Acquisition routine: this acquisition screen can be easily recognized by its
green color header. From this screen two main choices are available: Quality or Mea-
surement time priority. By default, the Evaluated Values of the background acquisition
is set automatically, but the user can set it manually (User Target choice). The Angle Of
Incidence (AOI), can only be set (available only from motorized goniometer). Once the
Run button is activated, a complete parameters optimization is performed. They can be
saved and used in the second step. The figure 4-4 shows the Initial Acquisition screen.
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LCE Initial Acquizition Routine - Honamel _acq

—Acquisition criteria

" Quality “ Measurement time

Initial Acquisition

B i = Background Measurement
Signal qualiby: | 1 ‘I:I g

Evaluated Values -
Measurement time: I 5.0 sec

Integration time: I 31 ms
Accumulation number: | 7 -I:I

A0l

 fixed I 70,00 * Integration time:l 200 ms
Accum number:l 1 AI:I

" Bun | Save | Save As | Save as Default |

Figure 4-4 Initial Acquisition routine

Advanced Acquisition routine: This routine can be easily recognized by its brown-
green color header. Logically, this routine performs the second step. It retrieves a previ-
ous run Initial Acquisition routine, calculates then displays the ellipsometric measure-

ments. Using the Recipe feature, it becomes possible to add several Initial Acquisition
routines followed by an Advanced Acquisition routine. An Advanced routine will
always retrieved the results parameters of the previous Initial routine. The following
figure shows the setup for this typical use:

CE Advanced Acquisition Routine - Nonamel.acq

Displayl Graph

—Acquisition criteria

 Quality ' Measurement time = Completely manual

v With Background v From Initial Acquisition Routine
—Acquisition Parameters

Signal lity: | ‘I:I

fgnal quality L [~ Automatic evaluation .

" o Figure 4-5 Advanced

easurement time: I h.0sec o el .

| . O Ewvaluate acquisition parametersl achISItlon routlne
ntegration time: I 30 ms

Accumulation number: | 7 AI:I

Therefore, the Advanced Acquisition routine allows the user to perform a stand alone
measurement. All of the Standard Acquisition routine choices are available and some
others have been added:

With background.: if checked, the background will be automatically measured then sub-
tracted from the acquisition.

Automatic evaluation: if checked, each time the Run button is activated, the routine
will evaluate the parameters then performs the acquisition. One click for results!
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Display Setup tab allows the user to setup the acquisition graphics presentation.

@ Acquisition Routine - Nonamel.acq

Setup | Graph |
— Graphs b
Single graph i
Two graphs i

" \Three graphs

Select the appropriate
display parameters for
each graph

Select observables

Choose the display
color

Right axis : I& vlll

~Graph 1 N —Graph 2
/ Left axis : I"I" 'lll Left axis : v
Right axis : I& 'lll Right axis : |&
A
—Graph 3 —Graph 4
Left axis : IlIJ 'lll Left axis : IlIJ 'lll

Right axis : I& vlll

05/20/2016

Run —
the acquisition /R Save Save As | Save Defaults
8 Acquisition

Click on the button to launch the acquisition process. The next screen will be
displayed:
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@ Acquisition Routine - test.acq

Enter the Lotname

Enter Sample information

label \>>Lot name : ITesﬂ
E he S | Sarple name IAITest
nter the Sample [
Comments Test on Al sample |
name label /' ’

/
/

Enter the comments

=
Click here X Cancel
to validate the screen o
4’ Altest.spe
Resulted file name |

The Lotname and Sample name information are used to organize the files on the hard disk.
Please refer to the chapter “File name formats” on page 15.

The Comments will be included inside the file and could be useful later as information.

Once the information screen is validated, the acquisition is launched and the acquisition
graphs are displayed. Then the following final acquisition results screen is displayed:

@ Acquisition Routine - test.acq

Setup |DispIE|3,ur Graph

Fitl Fitl

F140
138 60+
136
134 LR
132
F130
125
128 :
124 ad L
f122

[ 60
EVR .

|50

¢y | Max () ap 4] [ a4 Intae (3)
30 | a0

|20

404,

017 Bt
--0.55 016 4 4-
ol 014 4
| 065 Iz et 043 ==

012 488
o7 (e -

01 488
L 075 0.09

Figure 4-6 Acquisition results
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4.8 Views for Reflectometer (UVISEL VIP)

& - Reflectometer Views =

2

I e L s SV s e
350 400 450 500 550 600 650 700 750 800
Wavelength in nm

Y axis scale
& Automatic according to the data  Fixed ta the sensor full range

3 » Acquire
4

Wicroscape | Uv-Visible | Visible - IR X Stane |Y Stage | 2 Stage |
_

iRl posticn I -200.000 [rara
[nifrurm s positicn 200.000 [mrn

-
1 01 00l 0.0m
Jﬂl lm Reset
5
6 7

Figure 4-7 VIP Views screen

The VIP Views screen allows the user to setup acquisition parameters and control the real
time measured parameters.

The screen is organized by operating sections described below:

1 Graphics display area. S Motors setup panel: according to the

selected motor device, adjust the value and
click on the move button to activate the
changes.

2 Y axis scale: 6 Reset the changes.

Automatic: scale repositioning according
to the measured data,

Fixed: sensor range is displayed as it.

3 Toggle button: Start/Pause measure- | 7 Information field: minimum/maximum

ment. values allowed for setup the selected
device.
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4 Setup (Spectrometers, Stage...) switch-
ing tabs: select the device to setup.

4.9 Acquisition for Reflectometer (UVISEL VIP)

4.9.1 Accessing

R O] E . S e & % BB (B 2| X £ 0o
[

B+ User Library

P Results

P> Reports

P+ Application Library

© Application Library

Ellipsometer Reflectometer |LCE |

Reflectometer Calibration Launching acquisition
Reflectameter Acquisition

Zacng Acquisition Scenario

X cancel

Curtent profie ; Defaul: [

Figure 4-8 Launching acquisition
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5 Reflectance/Transmittance Measurements on UVISEL

5.1 Definition

The purpose of this technique is to measure the intensity modification upon reflection or
transmission on or through a sample.

I, = intensity of reflected beam
I; = intensity of transmitted beam

Typically given as relative quantities:

R=-1L

with [, = Intensity of incident beam

Reflection Transmission
measurement measurement
Reflected
beam
Transmitted beam

Change of polarization upon reflection (or transmission)

p = %p = tan't cosiA
S

p = parallel to plane of incidence

s = perpendicular to plane of incidence

5.2 Measuring the reflectance of your sample

* Click on the acquisition tab f;:q. (the seventh button from the left on the top tool bar)

¢ Select the “R&T mono” Acquisition mode in the menu
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Reflectance/Transmittance Measurements on UVISEL

Create new acquisition routine ...

Ellipsometer

" Application Library
lReﬂecmmeter] LCE ]

Ellipsometer Calibration

Spectroscopic Mono

Spectroscopic MWL

Kinetic ML

RaT Munu>

R&T MWL

Acquisition Scenario

Kinetic Mono

X Cancel

* Select the Reflection mode (the 1% box in the right column) and then the polarized or
unpolarized mode. You will measure respectively either Rp and Rs (polarized R mode)
or R (unpolarized R mode) using these 2 modes.

¢ Select your spectral range and the incidence angle wished — the other parameters are set
by default, you can keep them.

@ Acquisition Routine

- Nonamel.acq

RAT mono acquisition setup } Graph 1

——
Calibration index: ‘N“ data j <Eude : [Transmission 1>
Spectrum range Transmission
u it - ey b ( ’ﬂ
seruni ode: |Unpolarized -
Start - 1.500 gy
End: 5.000 gy  New DC signai reference
Increment : 0.050 ev
rag-and-drop a reference file here :
i
Micro-Spot : hd
Background : Auto background  ~
High Voltage : ucidence angle : 30.00 - |
S0 Min : 80 mv Integration time : 1 x ‘ 200 ms
S0 Max - 120 my Accumulation : 1

The Reflectance is calculated from the following equation:

Reflectance =

S O experimental

x Reflectance,rence

Oreference

The reflection routine allows to measure these both parameters in the following three

steps:
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1 The 1% step is the measurement of the So reference: Aluminium mirror or native oxide
sample Si substrate.
=» [t consists in the measurement of the So and Hv values of sample reference on the
defined spectral range.
2 The 2™ step is the modeling of this sample reference in order to calculate its reflectance
R,Rp & Rs
3 The 3" step is the measurement of the So experimental of your sample.
=» [t consists in the measurement of the So of your sample in the defined spectral range
by keeping the values of the High Voltage measured for the sample reference in the
15t step.
@ Acquizsition Routine - Nonamel_acq
R&T mono acquisition setup lGraph ]
Calibration index: |No data M Mode : |Ref|exion j
Spectrum range Reflexion
User unit : ev hd .
Start - ’W v Mode: |Unp|:||ar|zed J
End - 5.000 gy ¥ New DC signal reference
Increment : 0.050 ev
Drag-and-drop a reference file here :
i
Micro-Spot : h
B ’W ?ﬂ;ﬁﬁ—‘:;t?—dmp a simulated reference
- il
High Voliage :  |Automatic  ~||500 v Incidence angle : 70,00 °
S0 Min : 80 mv Integration time : ’—1 ¥ | 200 ms
S50 Max : 120 mv Accumulation - 1
" Run Save Save As
.I Acquisition of S, reference — the reference sample is an aluminium

mirror/native oxide sample (Si substrate).

¢ Place the reference sample on the sample stage
¢ Check the box New DC signal reference

¢ When clicking on this box, the automatic mode of the high voltage appears in black.
This is set by default and you have to keep it.

* If you want to save this routine, click on save as and enter a name.

¢ Click on Run. The So and Hv values of the sample reference will be measured on the
spectral range defined.
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e  When the acquisition is finished, the file is located in the left hand side menu in the
branch Results / acquisition data.

2 Creation of the model of the reference sample to calculate the
Reflectance of it

e Click on the mod tab ﬁnd_ (the eighth button from the left on the top tool bar),

e Select the Spectroscopic model in the menu,

* Build a model composed of a 40-50 A aluminium oxide on Al / 18A SiO2/Si by using
the reference files for both materials located in the application library in the branch
materials.

= 20.0 " AIzo3_pal.ref x] *
l Al_asp.ref &3

* Run a (R, Rp,Rs) simulation of this model,

¢ Click on this tab @ to save the reflectance results,

» Select the file called Sim and check the box saved observables and select photon energy,
wavelength, R , Rp and Rs,

e Click on OK and save this file. The file will be located in the User Library in the left
hand side of the menu, in the folder Results / Acquisition data

Data selection for CLC file generation

File : [sim1 =
Spectra to include :

Selection | Spectrum
v

Select none Select all

v Sawved observables :

M e
7 Taqw)
™ cos(a)
VR
[l
™ st i

lewan |

Select none | Select all | Select displayed |

' 0K I X Cancel |
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3 Acquisition of S; of your sample

¢ Drag and drop the experimental measurement of the reference sample to the box named
«Drag-and-drop a reference file here» (performed in the step 1)

* Drag and drop the reflectance calculation file to the box named «Drag-and-drop a sim-
ulated reference file here» (performed in the step 2)

¢ Uncheck the box “New DC signal reference”
* Place your sample on the sample stage
¢ Click on Run

¢ The measurement gives the reflectance R=f(A) of your sample

5.3 Measuring the transmittance of your sample

¢ Click on the acquisition tab ii-l:q. (the seventh button from the left on the top tool bar),

¢ Select the “R&T mono” Acquisition mode in the menu,

Create new acquisition routine ... [$__<
ol H

" Application Library

Ellipsometer lReerdumeter] LCE ]

Ellipsometer Calibration
Spectroscopic Mono
Spectroscopic MWL

Kinetic Mono

(acq)  Kinetic MWL
@
@

R&T Mono >
R&T MWL

J
J
J
J
@ Acquisition Scenario

X Cancel

* Select the Transmission mode (the 1% box in the right column) and then the polarized or
unpolarized mode for the transmission. You will measure respectively either Tp and Ts
or T using these 2 modes.

* Select your spectral range (the other parameters are set by default, you can keep them).

¢ In the transmission mode, the ellipsometric heads are positioned at 90°, this will be han-
dled automatically by the software.
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o o i
{0 Acquisition Routine - Noname1.acq

R&T mono acquisition setup IGrﬂph }

Spectrum range
User unit :
Start :

i
Micro-Spot :
Background : Auto backgrounds” ~
High Voltage : Automatic  ~||500 Vv Incidence angle : 90.00 -

S0 Min : 80 mv Integration time : 1 % 200 ms
S0 Max : 120 mv Accumulation : 1

/Bun ﬁViewsl Save | Save As ‘

alibration indese  |No data Mode : |Tlansmissinn j«

Transmission

Mode: |Unpolarized j«
[ New DC signal reference:

Drag-and-drop a reference file here :

Transmittance is calculated from the following equation:

o >

i 1w, X v
Transmittance =| % |
Il,‘_ ""Cri_:':rrnn: ___-I

The transmission routine allows to measure these both parameters in two steps.

The 1% step is the measurement of the So reference: the reference sample used is the air.

=» It consists in the measurement of the So and Hv values of air on the defined spectral
range.

The 2" step is the measurement of the So experimental of your sample.

=» It consists in the measurement of the So of your sample in the defined spectral range

1St

by keeping the values of the High Voltage measured for the air reference in the 1> step.

Acquisition of S, reference — the reference sample is measurement
of air.

Check the box New DC signal reference

When clicking on this box, the automatic mode of the high voltage appears in black.
This is set by default and you have to keep it.

If you want to save this routine, click on save as and enter a name.

Click on the Run button. Both ellipsometric heads will move automatically at 90°. The
So and Hv values of air will be measured on the spectral range defined.

When the acquisition is finished, the file is located in the left hand side menu in the
folder Results / acquisition data.
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2 Acquisition of S, of your sample
¢ Drag and drop this file to the box named «Drag-and-drop a reference file here»
* Uncheck the box «New DC signal reference»
* Place your sample on the sample stage
¢ Click on run

* The measurement gives the transmittance T = f(A) of your sample
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6 Reflectance/Transmittance Measurements on Auto SE

6.1 Definition

The purpose of this technique is to measure the intensity modification upon reflection or
transmission on or through a sample.

I, = intensity of reflected beam
I; = intensity of transmitted beam

Typically given as relative quantities:

R =—4

with [, = Intensity of incident beam

Reflection Transmission
measurement measurement
Reflected
beam
Transmitted beam

Change of polarization upon reflection (or transmission)

p = Rp_ tan'¥ cosiA
Rg

p = parallel to plane of incidence

s = perpendicular to plane of incidence

6.2 Measuring the reflectance of your sample

1 Create anew “LCE R&T acquisition routine”

2 Select “Reflection” Acquisition mode

3 Check “Measurement Time” for acquisition criterion
4

Enter the measurement time value.
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@ - Monamel.acq

I == B
LCE acquisition R&T
‘Setup ; Graph l

“Acquisition criterion

~ Measurement time ¢ Completely manual

rAcquisition Paral s

Wl B et
GRS Experiniental 5

AT ST G
£33 =
Acquisition Mode

Measurement time: I 3.0 sec
Integration time: | 25 ms

Accumulation number:

[Refiection =1

"Reference Data

Lrag srd Orap 8 cafclated relfecingdy: spectrum e on e Freclicw

undefined incidence angle

Acquire Experimental
Reference Spectrum

| w” Bun Save Save As

Save as Default

5 In the Reference data area, drag and drop a simulated file R=f(A) of your reference
sample at the AOI of your system (for transmission the simulated data not needed).

The screen shown below is displayed

& - Monamel.acq

LCE acquisition R&T
Setup | Graph |

Acquisition criterion

* Measurement time  Completely manual

“Acquisition Para s

Fhoss pa,
Py =

T e e e T T e R e T
e (e e = = e S = O

Acquisition Mode
Measurement time: I 3.0 sec
Integration time | 25 ms

Accumulation number: ] 1 ..! :l

[Refiection =1

- Reference Data

LFrag S grogr 8 CaEfctated relfe vty Spectraar e from e Frecbicw

40 A ﬂluxfﬂl_BB.Bd.clc)

Incidence angle = 69.60

Acquire Experimental

Reference Spectrum

seve | seve s

Sawve as Default
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6 Then, put your reference sample on the stage and using «4uto SE views»

¢ Choose the desired spot size. (It must be the same for the reference spectrum
& sample)

* Adjust & optimize the height of the stage

7 Then, click on «Acquire Experimental Reference Spectrumy button, and click on
«OK» if your reference sample is correctly located.

-
Information M

Put the reference sample on the holder

Cancel |

8 The measurement of reference sample is started.

9 Then an information screen is displayed with the integration time & accumulation num-
ber.

@ - Monamel.acq

LCE acquisition B&T
Setup ]Graph ]
Acquisition criterion

* Measurement time " Completely manual

;'_ ;\cqui—sitinn Parameters

Acquisition Mode

Measurement time: ] 3.0 sec Reflection
2 22 ms

=

~Reference Data
Flrag and drap & calculated relfectivily spectram e fom the Treeiew

40 A alox-al_B9.6d.clc

Incidence angle = 69.60 *

DeltaPsi2Application

The reference spectrum is correctly acquired
Experimental conditions
Integration time = 22 ms
Accumulation count = 5

< Save i Save As 1 Save as Default ]

10 Then, put your sample and adjust the height of the stage,
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11 And click on “Run” button.

12 The measurement is launched.

& - Nonamel.acq K1 == B

LCE acquisition R&T
Setup Graph |

f t t t t t t t t t t
450 500 550 500 850 700 750 300 350 900 350
Wawvelength in nm

« Bun Save Sawve As Sawve as Default

6.3 Measuring the transmittance of your sample

The measurement of transmittance T is performed the same way as for the
reflectance measurement. The difference is the necessity to use a specific accessory to

put the sample on the stage and there is no need of reference file.
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7 Reflectance/Transmittance Measurements on UviseL2

7.1 Definition

The purpose of this technique is to measure the intensity modification upon reflection or
transmission on or through a sample.

I, = intensity of reflected beam
I; = intensity of transmitted beam

Typically given as relative quantities:

R = —4+

with [, = Intensity of incident beam

Reflection Transmission
measurement measurement
Reflected
beam
Transmitted beam

Change of polarization upon reflection (or transmission)

7.2 Preliminary

e Before any action on the Reflectance/Transmittance measurements, verify that the R,
Rp, Rs, T, Tp and Ts observables are ticked in the Software Options setup (see figure
below).
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3

I By | (5 O K
Materials™= S\ |

= W User Library

o o B X

Resuls |

:gcqulhs‘itiurn R;Ju}ines INE4ESS Q11| =|Ep/e @l@ EIEIEI - m
= ata Manipulation
P Materials B Left: [R =] *:[ProtonEneray ~] Right: [Noting |
P Models D e s
- P Multimodels
P Grids 0.65
#- I Recipes
B> Report Templates G A A A S ) A
= ¥ Results
#- P Acquisition Data Software Options
P+ Model Results = - ==
P Recipe Results |* | Calculated observables
= ¥ Repors User Library
> Model Reporis
- Recipe Reports Application Library

= W Application Library

P> Acquisition Routines
B> Data Manipulation File name formats
P Materials

n

P Models )
- I Multimodels File explorer
P Grids
- P Recipes Tool bar

B> Report Templates

Progress screens 4

Calculated
observables
Acquisition
parameters
Observables

precision

Modeling output

I Close |

7.3 Measuring the reflectance of your sample

* Click on the acquisition tab ith. (the seventh button from the left on the top tool bar).

¢ Select the «Spectroscopic R/T Acquisition» Acquisition mode in the menu.

Create new acquisition routine ... u

¢ Application Library ‘

Ellipsometer |Special |

@ Spectroscopic Ellipsometry Acquisition

Spectroscopic RfT Acquisitb

S ——

acn ) Acquisition Scenario

X Annuler

* Select the Reflection mode (the 1% box in the middle) and then the polarized or unpolar-
ized mode. You will measure respectively either Rp and Rs or R using these 2 modes.
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¢ Select your spectral range and the others parameters according to your sample charac-
teristics.

@ Spectroscol pic R/T Acquisition Routine - Noname1.acq -« - [a] x|

Measurement Parameters

Acquisition Mode Unpolarized

Spot Size 2030x705 pm (707) ~

Spectral Unit eV -

Start: 15000
Integration Time Mode :  [Fixed

End: 5.0000
Integration Time 1000 ms

Step 0.1000

Incidence Angle 7000 -

Reference Data

Simulated Reference -

Experimental Reference

Get Experimental Reference ‘ $ Views Save | Save As

e To perform the Reflectance measurement you need a Simulated Reference file. If you
don’t have this file, the procedure below shows how to create it.

* At this step, there are two possibilities: you know well your sample and then you can
create the Model of your sample. If you don’t know your sample and precisely the lay-
ers thicknesses, you must create a Model and launch an ellipsometric measurement to
find the real layers thicknesses of your sample.

About the Simulated Reference file required before Reflectance measurement

You already have a You don’t have a Simulated You don’t have a Simulated
Simulated Reference Reference file of your sample Reference file of your sample
file of your sample but you know precisely the but you don’t know precisely
optical constants and thick- the optical constant and thick-
nesses of the layers nesses of the layers
Go to the Step 2 Go to the Step 1 Go to the Step 3

Better you know the real thicknesses of your Reference sample, better will be the
Reflectance measurement accuracy.
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.I Simulated file creation
* Click on the Model icon E:,d_ located in the upper left hand of the icon bar. As shown
on the windows below, you have to fill and setup each layer of your Model.
Follow the Model building detailed in the chapter “Model Building” on page 166.
O LIRS

b EISISEE
Resuls | B &|m| #] soecnsic] s | 500 lEDm
Alxlsv| 0o 11| almm| @il¢ B o] x| -] @

Loft: [R v] #: [ProtonEneray +] Right: [nothing |

]

2 3 4 5
Photon Energy (eV)
S \ 1 TRose | Photon Energy =1 6V
Thickness unit : | A - ‘ ¥ Clear results before fit ‘ |¥ Clear graph before simulation ‘ I~ Show all fitting steps.
s01:77 70.000 " vepFie || i
[m] 23.0 5i02_HJY.ref X‘ X
C-Si_HIY.1ef =]

dd ﬂl Edit Add ﬂl Edit Add ﬂl Edit Add ﬂl Edit Fit Save s

Once the layers have been defined (components, thicknesses, AOI etc.),

C-Si_HJY ref Click here to open
/ Simulation Setup
bdure — Modeling dezcription Screen

;I I Crefault

e ||| add | | Edi”

Click on the Edit button (Modeling description) to open the setup screen. From the
Modeling Condition tab screen, tick on the User defined spectral range and set the val-
ues (these values must be the same for the reference measurement and sample R mea-
surement). Tick on also and select the observable to display after the simulation.
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e Once done, click OK to validate.

Modeling description x|

Modeling description name : IDefauIt

Modeling conditions |Fit‘ling params I Simulation params I Optical calculations params I

— Measurement mode
Spectral Range
IEIIipsnmetril: j
& Experimental file full spectral range;
 Experimental file limited spectral range Ellipsometric Configuration
Start : I 460.0000 Inm = = Experimental file configuration
End : §00.0000 nm " User defined configuration :
° User defined spectral range : Modulator angle : I 0.0~
Start : I 200.0000 Inm = Analyser angle : I 50

End : 2000.0000 nm
Spectral data

Increment : 10,0000 mnm R |—1

' Spectrum index : I 1
" Angle of incidence VA SE.
" Theta angle V.A S E.

[+ Display specific observables after fit or simulation :

Bottom axis observable : | Wavelength bl

Left axis observable : IT 'I
Right axis observable : IR Vl

Ok I Cancel | Save as defaultl

¢ From the Model window, click on the Simulation button to launch the simulation pro-
cess which will end with the result curve (see below).

Model - HonameZ2 mdl

Hesultsl
Al %lv| @e | S|erm @l Bl ol k| m-| @
Left:IR j X:IPthnnEnergy j Hight:INnthing j

Sim1 1 R=0.348 | Photon Energy = 1.5 eV
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e From the Model window, click on the CLC icon . The Data selection for CLC file
generation window will be opened (see below). Select the observables which will be
saved with the simulated file. Tick on the R, Rp and Rs observables, then click OK to

validate.

Model - Noname2. mdl

Fesults |

A% giv| e m|

0881

0.86

0844

082]
08
Regze{”
0.76 ]
0.743 -
0.72]
0.7

Thickness unit - | &

Data selection for CLC file generation

File [sim1

Spectra to include :

Selection | Spectrum
I

Select none Select all

¥ Saved observables :

Al 70.0i

] 7
M ei
V¥ r

V¥ Rp
M Rs

T

oo

Select none I Select all | Select displayed |

=

X cancel

* A new pop-up screen will ask you for a name of this «Calculated Data» file. The file
will be saved in the selected folder.

A Saving a Calculated Data file M
Save in:l | Acquisttion Data j L £F Bl
MName ‘ Date modified i
120130731 31-Jul-13 09:35
. 2013.08.01 01-Aug-13 09:23
| CAS2 mesures 05-Jul-13 1%:36
| MR 16-Sep-13 15:57 1
1o UVISEL1 14-Jun-1315:00
L | ALLHIY.clc 20-Jun-1317:41 L
| Al test.clc 20-Jun-1317:41 i
| 1 ] r
File name: ISimF{_Si subtrat clc Open
Save as type: ICaIcuIated Data files LI Cancel |

2 Reflectance measurement

* Open back the «Spectroscopic R/T acquisition routine» window. In the TreeView, find
the previously saved «Reference Simulated» data file (.CLC file), then drag and drop it

to the Simulated Reference box as shown on the figure below:
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[ [0 | @ |G| 5 %t 8 & %] Bad| 5] 0| K

Acquisition Data Bl

P> Data Manipulation
B Multimodels
Acquisition Mode Unpolarized -
P> Report Templates Seecuatint [ d
8 501304 1> cxisheEelgain Integration Time Made - [Fixed -]
(11 2013.05.30

= W User Library
B> Acquisition Routines Acquisition Type : |Reflection -]
P> Materials
B Models " Spectral Range
B> Grids
P Recipes
& W Results Spot Size 20303705 pm (707) ~
¥ Acquisition Data Start |7| 5000
(1 2013.01.16
(1 2013.04.23 client End 5.0000
10 client ntegration Time ms
2013.05.10 cli Integration Ti 1000
(11 2013.06.03 client Step 0:1000
(3 2013.06.05 Incidence Angle 7000 -

(11 2013.06.06

(3 2013.06.07 =

(12013.06.10

(12013.06.11 Data

(3 2013.06.14 d d d

D2013.06.18 rag an ro p Simulated Reference -

(32013.06.19

(1 2013.06.20 ~SimA Rp Rs Si sublrat ol ﬂ
(11 2013.06.21client

(2 2013.06.25 Experimental Reference -

(11 2013.06.29 client
(11 2013.07.01 client
(32013.07.31
(1 2013.08.01
(1 CASZmas

1 ]

(&SimR Rp Rs_5i subtrat.cic]
WmGigh Sisubtratcle
(1 UVISEL
&3 AI_LHJY cle
[ Al_testclc [
@ ref R REF spe
% tostspe
testgtirspe
P> Model Results
P> Recipe Results P e N
= ¥ Reports

P> Model Reports Get Experimental Reference « Run Yiews Save | SaveAs
B> Recipe Reports <

* Click on Get Experimental Reference button: the Sy and HV will be acquired. At the
end, the Run button will become accessible (not greyed).

e Click on the Run button to launch the Reflectance measurement. The results will be
then displayed and a generic xx.spe filename is generated. The observables of the curve
can be set at will by selecting them in the frame located above the curve.

Observables settings

Spectrum Type
[Reflection spectra
Date
16-sep23 .
Ellipsometric Configuration 068
0.67
0.66
0.65
0.6 /
Incidence Angle 0.63
70.00° 0.62
0.61
06
Integration Time 0 i
1000 ms 0.58
0.57
Unit 0.56
o 0.55
0.5
FirstPoint _ LastPoint__Incren 0.63 ~
R
1.500 5.000 0.1 0.52
0.51
05 f
0.
048
047
046
045
044
043
042
041
04
0
0.38
0.37
0.36
2 3 4 5
Photon Energy (V)
Save As R_unknown.spe 1 R-0352 [ Photon Energy = 1.5 &/
St == e
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3 Model Creation with thicknesses not defined

To obtain better Reflectance measurements, it is necessary to create a Simulated Refer-
ence file with real known layers thicknesses. If your sample is not well known, the bet-
ter way is to perform a spectroscopic ellipsometric measurement of your sample.

Follow the chapter “Modeling”, page 157 and build the model and fit it to obtain the
layers thicknesses. At the end the .CLC file must be created and will be used as Simu-
lated Reference file. See the end of the Step 1 “Simulated file creation”, page 102.
Then follow the Step 2.

7.4 Measuring the transmittance of your sample

7.4.1 Principle

In the transmission mode, the ellipsometric heads are positioned at 90°, this will be han-
dled automatically by the software.
Transmittance is calculated from the following equation:

- -
I |
Transmittance =i

15, |
Y Orgieronce A

" e por i ial
The transmission routine allows to measure these both parameters in two steps.

The 1% step is the measurement of the So reference: the reference sample used is the air.

=» [t consists in the measurement of the So and Hv values of air on the defined spectral
range.

The 2" step is the measurement of the So experimental of your sample.
=» [t consists in the measurement of the So of your sample in the defined spectral range

by keeping the values of the High Voltage measured for the air reference in the 1% step.

7.4.2 Procedure

The «Transmittance» procedure is very similar to the Reflectance measurement.
All the steps are the same with the exception of the Simulated Reference file
which is not necessary for the transmittance measurement.

Click on the acquisition tab ;‘tq_ (the seventh button from the left on the top tool bar).

Select the «Spectroscopic R/T Acquisition» Acquisition mode in the menu.
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Create new acquisition routine ... M

¢ Application Library ‘

Ellipsometer |Special |

@ Spectroscopic Ellipsometry Acquisition

Spectroscopic RfT Acquisitiub

e —

acn ) Acquisition Scenario

X Annuler

+ Select the Reflection mode (the 1% box in the middle) and then the polarized or unpolar-
ized mode. You will measure respectively either Tp and Ts or T using these 2 modes.

* Select your spectral range (the other parameters are set by default, you can keep them).

ﬁ Spectroscopic R/T Acquisition Routine - Noname1.acq Al |3 x|
Acquisitiogg®pe - [Reflection -
. Transmission a
Acquisition Mode Unpolarized
Spectral Unit: eV -
Spot Size 2030705 pm (707) ~
Start - 1.5000
Integration Time Mode :  [Fixed -
End: 5.0000
Integration Time : 1000 ms
Step 0.1000

Incidence Angle : 70000 -

Data

Simulated Reference -

| L

Experimental Reference

| 3

Get Experimental Reference «/ Bun Save As

§ Views Save

* To measure the transmittance of a sample, you don’t need any Simulated Reference
file. Click on Get Experimental reference.

¢ Then click on the Run button to launch the transmittance measurement.
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() IS ETES
Acquisition Type - [Reflection -
P [ Spectral Range
Acquisition Mode Unpolarized -
Spectral Unit: ay A
Spot Size 2030x705 pim (70°) ~
Start 1.5000
Integration Time Mode - Fixed i
End 5.0000
Integration Time : 1000 ms
Step: 0.1000
Incidence Angle : 7000 -
R Data

Simulated Reference :
\ L]

Experimental Reference :

‘rEfR REF.spe ﬁ

Acquisition progress - routine "Spectroscopic RIT Measurement”

Current spectrum progress :

Whole acquisition progress - [N

’ [= Stop
S Get Experimental Reference >quun

4 Views

Save | Save As
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Simulated Acquisition

8 Simulated Acquisition

8.1 Definition

The Simulated Acquisition is a useful tool which converts an already acquired experimen-
tal data or a Recipe to a data source. This action can be done on a computer which is not
connected to an ellipsometer.

8.2 Accessing

There are two ways to access to the Simulated Acquisition window:

Click on the Acq icon located on the Main icons bar

B ¥ O K

= W User Library
- [ Acquisition Routines
P> Data Manipulation
- P> Substrates
- I+ Materials
= [+ Samples
= > Models
= > Multimodels
& I Modeling Scenarios
- I Grids
- I Recipes
[ Report Templates
= W Results
- [ Acquisition Data
- > Model Results
- P> Multimodel Results
- I Modeling Scenario Results
& Recipe Results
= B> Reports
= W Application Library
= Acquisition Routines
- I Data Manipulation
- Substrates
+ [ Materials
= Samples
#- I+ Models
- P> Multimodels
- P> Modeling Scenarios
- I Grids
- Recipes
[ Report Templates

Create new acquisition routine ...

¢ Application Library
g——

RN-100 Reflectometer | LCE | ETR | Temperatfg Special

(@ Simulated Acquisition

Select the Special Tab

Then select the Simulated Acquisition choice

acn ) Acquisition Scenario

X Ccancel
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OR

Right-Click on the

Acquisition Routine

choice

Then, select the
New Simulated
Acquisition choice

Simulated Acquisition

’7"7%\‘ B"@‘ Hhat. Acq i

4

Grd. Rec Tem

'—EEE\E%’\

Acquisition Routines

ser Library
Acquisition Routines
Data Manipulation
Substrates
Materials
Samples
Models
Multimodels
Modeling Scenarios
Grids

Recipes

Report Templates
- ’ Results

i Reports

# [+ Application Library

vvvaVvvvv'

8.3 Description

The following screen will be displayed:

= R

Acquisition Routines

%| Hhat. Acq Mud Grd Rac Tam ‘ r‘ﬁ @
E

= W User Library
= B Acquisition Routines
P> Data Manipulation
> Substrates
P Materials
- Samples
> Models
P Multimodels
P Modeling Scenarios
P Grids
P Recipes
- B Report Templates
= ¥ Results
& B Acquisition Data
P Model Results
P Multimodel Results
- B> Modeling Scenario Results
& I Recipe Results
& P> Reports
= W Application Library
P Acquisition Routines
- B» Data Manipulation
- > Substrates
- > Materials
I Samples
= B Models
- > Multimodels
- > Modeling Scenarios
P Grids
P Recipes
P Report Templates

T

| Paramete
Mew Ellipsometer Calibration Routine
Mew Spectroscopic Acquisition Routine Mono
Mew Spectroscopic Acquisition Routine MWL ;
Mew Kinetic Acquisition Routine Mono R

Mew Kinetic Acquisition Routine MWL

Mew Kinetic Acquisition Routine LCE

Mew RE&T Acquisition Routine Mono

Mew RET Acquisition Routine MWL

Mew Reflectometer Calibration Routine
Mew Reflectometer Acquisition Routine
Mew RM-100 reflectometer routine

Mew LCE Calibration Routine

Mew LCE Acquisition Roukine

Mew LCE Initial Acquisition Routine

Mew LCE Advanced Acquisition Routine
Mews LCE-RM Acquisition Routine

Mew LCE Reflectivity Acquisition Routine
Mews LCE Transmission Acquisition Roukine
Mew ETR. Acquisition routine

Mew Temperature Control Routine
mulated Acquisition
Mew Acquisition Scenario

SlKE

for simulation from files - Monam

Parameters | Graphs |

Data source files list

B3 EEE

= W Acquisition Data

#- [~ (21 Modeling Scenario test
&[0 saphir

-G 20A_HAM.spe

-G 20A_Il.spe

&3 20A_llLspe

&% 3951 spe

%&& Acquisition Scenario Testacr
I~ Al203_600_pecvd.spe
-~ & b2 t.spe

&% b2_llspe

&% FUV merge spe

&2 Kinetic test clc

& kinetic test kib

& Noname5 kin

='W Recipe Results

% 964 Points rcr

I " Run I [= Stop

Save As

)

Nonamel

Current profile : Default
—
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As shown on the figure above, the main window displays the Acquisition Data and Rec-
ipe Results tree. It becomes easy to select the files to process.

Once selected, click on the Run button to generate a new Acquisition Data which is auto-
matically saved in a new folder labelled with the current date under the Acquisition Data

folder.

The following figures summarizes the actions.

Acquisition Routines

= W User Library
& B> Acquisition Routines

Parameters | Graphs |

e ~ —~ Data source files list
It 4=V Acquisiion Data

# [7(1 Modeling Scenario test
& 13 saphir

= P> Models

# B> Multimodels & 20A_HAM.spe

@ &2 20A_ll.spe
£ : z:::lmg Scenarios Dhenc lone
P Recipes G 395.1.spe
P> Report Templates @ Acquisition Scenario Testacr
& B> Results &2 AI203_600_pecvd.spe
B G b2 tspe
&= P> Reports DRt tope.
& B> Application Library ORLE lone. oo
& Kinetic test.clc
& kinetic test kib
@ Noname5 kin
= ¥V Recipe Results
\ @ 964 Points.rer

Select one or several files

Launching the process

 Rurl | [ Stop

Save | Save As

% (B | 0| G| f o oy i o Bu gD (0] 0 0 b

Acquisition Routines | ORX IS

= W User Library
& B> Acquisition Routines

> Data Manipulation Lotname [Lotia
P Substrates

= B> Materials

Sample name :  [Sampleld
@ B> Samples

= B> Models Comments
& B> Multimodels
& B> Modeling Scenarios
P Grids
P Recipes
P Report Templates
& B> Results
P Reports
>

&
& B> Application Library

Vv OK

Enter the filename parameters

Validation

X Cancel

Result file name
2010.12.17\Noname1iLotld Sampleld.16h 48mn 06s spe

-+ W Results

¥ Acquisition Data

ER12010.12.17]

. £5 Nonamel

; Lotld.Sampleld.11h 16mn 09s.spe

This figure shows where and how the new Ac-
quisition Data is saved in the DP2 TreeView.
Please notice how the sample information en-
tered before the process is implemented to the
data file.
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Results:

W | [am * %
ER B E L
Acquisition Data
= ¥ User Library Parameters Gmphs\
= B> Acquisition Routines , @ . K
» Data Alxlgv|elalu sl B [¢ E o] -
P> Substrates. Left[is | X JrnotonEnersy -] Righfie =]
= B> Materials
= B> Samples
% B Models o i 02
% B Multimodels i 0w
= P> Modeling Scenarios 04 ]
P> Grids 04 / | 0
P Recipes o i {
P> Report Templates o 1 N 002
= ¥ Results 034 -] t -
= ¥ Acquisition Data 0 i i
eRY2010.12.17 [ / i 006
% (1 Noname1 [ / |
# (1 Noname2 o i 008
= &3 Noname3 024 | o1
&% Lotid.Sampleld. i} i
% (1 Modeling Scenario te [ 012
# (3 saphir 150 e
G 20A_HAM.spe 0 014
& 20A_llspe 014 _
G2 20A_lllspe 0.1
(3 3951 spe 01 018
@@ Acquisition Scenario )
& AI203_600_pecvd.sp 0. 02
& b2 tspe 004
& b2_ll.spe o 022
&3 FUV merge.spe 024
&3 Kinetic test.clc 1
& kinetic testkib 004 0.2%6
& Noname5.kin 2
B> Model Results 5 028
P Multimodel Results 7 55
P> Modeling Scenario Res
= P> Recipe Results 3 0 A : 0
# P Reports Photon Energy (V)
= B> Application Library
_— Phoon Energy = 1 507 e Io=-00%8
< 8 “ « Bun ] [ Stop ‘ ‘ Save | Save As ,

\ Save the Acquisition Routine

Click on the Save As button to save the new Acquisition
Routine extracted from the Acquisition Data. This Acqus-
ition Routine is saved in the Acquisition Routine folder.

Launch the next Acquisition Data to process (if several Acquisition Data have been
selected or in case of Recipe).

The Simulated Acquisition routine is programmed as a loop. To avoid the same pro-
cess from the beginning of the selected files, it is recommended to write the checked
files in the same order than the TreeView to know which data is currently processed.

NOTICE: a recipe result file with N steps provides N data sources and is equivalent to N
acquisition result files.
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9 Reprocessing

9.1 Definition

The Reprocessing is a useful feature which reprocesses resulted data (including acquisition
and modeling) from a new model. This can be done with a single Immediate Recipe or a
Mapping Recipe. With this feature, it becomes possible to sharpen a result by using another
model; this action does not require to be connected to an ellipsometer, a DP2 software

installed on a PC is

9.2 Accessing

enough.

From the TreeView, right-click on a Recipe Results .RCR file and choose the Reprocess

choice:

. I% E‘ | B’ | %| ﬁ‘at. ?sq. ﬁod. g‘d. ?;c. ?I':;m.l

e

Recipe Results

W User Library
i- > Acquisition Rout

P> Substrates
& [ Materials
I Samples
I Models
I I Multimodels
> Modeling Scena
- > Grids
> Recipes

Results

P Model Results

> Modeling Scena
¥ Recipe Results
-3 20101217

: 2010.12.21

+ I Reports
& = Application Library

> Data Manipulation

- I Report Templates
i Acquisition Data

- I Multimodel Results

ines

rios

rio Results

Copy Chrl+C
Delete Del
Rename Chrl+R

Batch reprocessing. ..

Open Chrl+O
3

Find ... Chrl+F
Copy file to ...

Export ... Chrl+E
Import package ... Chrl+I
Build package ... Chrl+B
Update models ... Chrl+U
Update Acquisition Routines. .. Chrl+a

Batch Modeling ...

Recipe acquisition data batch extraction...
Check files integrity ...

Purge results files ...

Delete files ...

~

Right-Click on a
Recipe datafile (RCR)

Then, select the
Reprocess choice
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9.3 Description

Reprocessing

Once the .RCR file is selected, the Recipe Environment Restore window will be dis-
played. This window lists the files need to run the Recipe and which are required for a
reprocessing. These files are generated from the .RCR file and will be saved under the

appropriate folders of the TreeView.

CAUTION: do not overwrite already existing files with the same name. To prevent this,
the last column indicates if a same filename is already existed.

Click on the OK button to save the files to the TreeView.

Recipe Environment Restore

The following files will be restored.

In arder to reprocess a recipe, the recipe environment must be restored

(]

MName and Location

<User LibranAcquisition Foutines> second.acy
<lJser LibranAtodels> Si0 on PET.mdl

<lJser LibranASamples> Si0 on PET.spl

<lJser LibranAMaterials> Si0_evap_15-5-2003.dsp

on PET rci imedi

Acquisition Routine

2.22 KB Mo

hodel 5.09 KB Mo

| Sample Definitian 5.76 KB Mo

<ResultshAcquisition Data> 2003.05.158,3i0-14Latld PET | Spectroscopic Data 1.73KB Mo
Dispersion Formula 585 B Mo

Already exists

Click OK to save the files listed above
under the appropriate folders

|l

' 0K

X Cancell

Once done, the following window will be displayed:

ElEEE

= red!

4

Recipe Results

= W User Library
& P> Acquisition Routines

Definition

suto | g
pall 4
B4| @ 1mmediate Analysis Recipe - $i0 on PET Reprocessed.rci

| sample Judgement Criteria |

Final Seript |

Reporting and Export

5 0o

[ Acq. Routine

Grou Repetition count
I Data Manipulation T 3 P =
i P> Substrates
. & P> Materials 2 1000

- = I Samples
B> Models
= P Multimodels
# B> Modeling Scenarios
= B Grids
P> Recipes
P> Report Templates
= W Results
= P> Acquisition Data
P> Model Results
B Multimodel Results
P> Modeling Scenario Results
. = ¥ Recipe Results
- = 40101217

(1 Noname?
= 0320101221
% 964 Points.ror
- I Reports
- B> Application Library

second.acq
second.acq

Si0 on PET.mdl

| Madel
Si0 on PET.mdl

Save the recipe " Reprocess I Output Description
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The windows shows the identification of the Recipe, here is an Immediate Analysis Rec-
ipe. Below, four tabs displays the Recipe parameters. The parameters which can be modi-
fied for a reprocess are accessible. Of course, the acquisition parameters, the number of
data acquisition, the acquisition routine cannot be modified. The parameters which con-
cerns the post acquisition process, which includes the model characteristics or the statistics

and acceptance criteria can be changed.

Two groups of samples

@ Imm=r 1ate Analysis Recipe - 510 on PET.Reprocessed.ici

Definition 1Sample Judgement Criteria

Final Script

eporting and Export ]

Drag and drop a new model
to reprocess

Repetition count ‘ Acg. Routine

1 5i0 on PET mdl
2 } ond.a Si0 on PET.mdl

Model

@ Immediate Analysis Recipe - 5i0 on PET_Reprocessed.rci

Definition :Sample Judgement Criteria i Final Script

¥- Check all recipe steps

At least one step is good = Sample "GOOD"

" Check BAD recipe step percentage
[~ Check 3* average

™ Check modeling data uniformity

Reporting and Export

@ Immediate Analysis Recipe - 5i0 on PET _Reprocessed.ici

Definition Final Script

] Sample Judgement Criteria

Edit script

[~ Active

Script preview:

| Reporling and Export ]

@ Immediate Analysis Recipe - Si0 on PET_Reprocessed.ici

Definition Sample Judgement Criteria Final Script

Automatic reporting

[~ Enable automatic reporting at the end of the recipe execution

[ E
I© Save
— Automatic export

[~ Enable automatic export of the steps table at the end of the recipe execution

Reporting and Export

Changing the
Judgement criteria

Additional Script
activation

A final script can be add-
ed. Click on the Edit
script button to display
the script editor with a
context semi-automatic
programming

Automatic reporting
enabling

Automatic export
enabling

Once the parameters have been setup, click on the Reprocess button to launch the repro-
cessing. The figure below shows an example of the final screen results.
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Execution of the Recipe “<User Library\Recipes> Si0 on PET.Reprocessed.rci™

| ¥ Automatic tracking

100.000000 1 700.000
] Delay | Acg | mdl | Judgment ~
95.000000 4 - - —--f1 s00.000 . s
a0.000000 4 - - el e | ¥ o The stepis GOOD
§5.000000 L | o Thestepis GOOD =
50.000000 - slilis e ¥4 w [The stepis GOOD
e "I z00.000

70.000000 4 --
65.000000 4 --
60.000000 4 --
55000000 4 - -
50000000 4 - -
45.000000 4 --
40000000 4 - -
35000000 4 - -
30000000 4 - -
25.000000
20000000
15000000
10000000

5.000000

The step iz GOOD
The step iz GOOD
The step is GOOD
The step is GOOD
The step is GOOD
The step is GOOD
The step is GOOD
The step is GOOD
The stepis GOOD RS

_Lf1 100000

_-LF1 oo noo

-k 500 000

Fs00. 000

|- 700. 000

[?] s=auyay L 17

|- s00. 000

|- s00. 000

_|f 400000

R AL A NE L NN
YA N VA N NN SE AN

_}¥ 300000

-HFzo0. 0o

= o Recipe step number : 121

100 200 400 500 600
Relztive time in =

Judgerment
The step is good

| [Mapping phase
Target coordinates .

= Cunent values [Left, Relative time, Right)

‘ EEEE B05.231 22T

Cone

The results are automatically saved in the Recipe Results folder using the syntax defined
from the Software Options «File name formats» (sece “File name formats” on page 15).

The figure below shows an example of folders and files generated by the reprocessing
feature.

#- 3 20101217
B3 201012.21
(120101223
23 2010.12.27
- £3 Si0 on PET.Reprocessed

- @ MyLot MyWafer.14h 42mn 375 rcr on 27th december 2010, four reprocessings

- % :itg::ﬂ:ﬁ:g: Momn oot | have been generated from the SiO on PET
i MyLot MyWafer.15h 28mn 48s.rcr file

.-t 964 Points.rcr

= W Recipe Results
i
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10 Data Manipulation

The Data Manipulation is a powerful feature which allows a user to modify spectra. This
chapter describes all of the parameters and resulted effects.

10.1 Accessing
Click on the Data Manipulation icon to display the data Manipulation screen.

Launching Data Manipulation New Data Manipulation page

= W Materials -

& (1 - Alloy model

=3 - Alloys
All0gaas_asp.re
Al20gaas_asp.re

- & Al31gaas_asp.re

- & Al42gaas_asp.re

ER

Materials

A

M ke e HE R S
Ahat. Acq. Mod. Grd. Rec. Tem.

[T - DataManipulation

Copy | adthmetic | oo | SivpieGlue|  Assemble | Mewe | Deivation | Angle Transtom | Buid Mukispectia
|

B Deists | Scientfic | Interpolsts | TaucPiot | Rangs Sosling|_Smoothing | Depolatization| Kinstic Transform|

Graph 1
NE NG E e .
Left In j X IPImlnnEnergy j Right |»: j

Fiename page
New page
Delets page

Al49gaas_asp.re
Al59gaas_asp.re
- Al70gaas_asp.re
Al80gaas_asp.re
Ccd_hg_s1_isare
Cd_hg_s2_isare

Cd_hg_t2_isa'rel
Cd_hg_t3_isa.rel
Cd_hg_t4_isa.rel
- Cd_hg_t5_isa.rel
Cd_mn_tl_isa.re
Cd_mn_t2_isa.re.
Cd_mn_t3_isa.re
- Cugainse_isa re

AN

-

’ Dré%? drop
to load-one.or several

SPECAT

\

Selectors:

Click on the "Add" button to create
& selector atthe cursor position

Add | Femove] Edit
[ [ Foston [ Coor ]
1 1

Noise correction:

1. select a point

2. CTRL key + Up and Down

To perform noise comection, select 2 paint
then, while pressing the CTAL key, press
the Up and Down aniow keys to mave the
point on the ¥ asis

Iga_asp.ref
In_al_as_isa.ref n k
In_ga_as_isa.ref

- @ InGaAsP y=0.24_
InGaAsP y=0.42_
InGaAsP y-0.55_ 4
InGaAsP y=0.82_

- & M7ct_asp ref 2
M8ct_asp ref
Sil1ge8d_jel.ref
Si20ge80_jel.ref

- &) Si28ge?2_jel ref
Si47ge53_jel ref

Si65ge35_jel.ref /
Si85gel5_jel.ref

- & Si98ge02_jel ref
Zn_hg_s1_isare > 3 K B
e Pt gy (01

- Zn_in_s?_isa.ref

&= 3 -Am

= [ - Metal hd L
4 , —

73

Datahdani

Cd_hg t3 sarel | 1 [ n=3182 |

Photon Energy = 1.79 8%/ k=0353

Current profile : Default

% The Save Spectrum and CLC button perform the same action: save current data to

«Calculated» type file.

IMPORTANT: Access to Data Manipulation is also possible from each DP2 graphics
screen by clicking on the same icon located above the graphs window. In this case the
displayed graphs will be automatically retrieved inside a new Data Manipulation window.
The figure below shows the procedure.

NOTICE: on the bottom main screen, three buttons perform useful general actions. The
Save complete screen allows to save the manipulation screen, as it, with all the “Graph X”
tabs. This is useful if the work is not finished and must be continue later. The Load com-
plete screen will allow to retrieve the complete Manipulation screen already previously
saved. The Save spectrum button saves the current Graph tab.
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Standard opened graphics screen

Data Manipulation

Data Manipulation icon: clicking on it will
transfer the graphs to Data manipulation window

Acquisition Data

P Models o
» Grids
P Recipes
P> Report Templates
= ¥ Results
& ¥ Acquisition Data
(1 2003.04.28
(2 2006.10.24
(2 2007.02.13
(22 2007.07.19
(22 2009.07.29
(2 2009.10.05
(3 20091012
(2 Cine
(2 juin0
(2 Natacha
(1 tutorial
& 2.spe
(& 2008.07.09.Noname1 Lc
G 50177-2_1_1mm mask.
- @ Calculated_1.cle
&% Copie de 50

Select spectra to use in data manipulation

Select spectra to transfer into the data manipulation screen :

AR PR

Wafer Map ‘ o °

ated 13 MK ES
Spectrum Type NEEUEEEEEEEEE =) =
Let: [n =] x:[pnotoneneroy =] Riae 2
Date :
[t3/02/2007
Ellipsometric Configuration <000
0 ° : Modulator :
+35 © : Analyser .
Incidence Angle
[r0-00°
000
Integration Time A
e i =
Unit :
[ev

3.000

3 Source name
[El|Natox MultiSpectra_cle 1
[v|Natox MultiSpectra.clc 2

Select the files to transfer

Select all

Select none |

Spectrum name 2000

1.000

3
Photon Energy (s}

oo i e | roin Evrgy =36 B

>

Ll

X Cancel |

If necessary, change the dis-

played observables

7= || e A = =
FAEREIEIEE Nl wele M (DK
Acquisition Data Da atio FIrs I
» Models BN = | singeflic| assemble | e | berivson | AngeTranstom | Buid putispecis
P Grids Delete. Scientific Interpolate: aucPlot | Range Scaling thing | Depolarization | Kinetic Transform|
P> Recipes Graph 1
B> Report Templates 4 e
¥ Results "Soleale| @l e
=¥ Acquisition Data Lot [a AW [romeesy =] @] 5] Babesin
G (3 2003.04.28 - = 2 -
& (3 2006.10.24 SR
& (1 2007.02.13 165,000 T Add_| Remove|_Edit
5 5270219 [ o [ i |
& (3 2009.07.29 . ]
& (1 2009.10.05 tezoon
B (3 2009.10.12 160.000
& (1 Cine 158000
& (1 juin06
155,000
& (3 Natacha \
- (3 tutorial isa000 i To perform noise cortection, select a point
2spe e e e e
&3 2009.07.09.Noname1 Le 150.000 &{\ point on the Y asis.
G 50177-2_1_1mm mask_
(@ Calculated_1.cle 42000
& Copie de 50177-2_1_1n 148,000
&2 Copie de nr75-depot 16 124000
Copie de TGB1113_IR_ “’mm
g Fitele
G ITO_HAM.spe “140.000
ITO+2layers.spe 132.000
&2 mergeNAT ILspe 5000
G mergeNAT Ill.spe
mergeNAT spe iza000
& mergeNO.spe 132,000
&% mergeRB Il.spe 130,000
mergeRB llL.spe
& mergeRB.spe v
G mergeSTD Ilspe 126.000
mergeSTD lll.spe 124.000
& mergeSTD.spe 52000
@ MultiSpectra.clc
(& Natox MultiSpectra.cle 2 3 .
& natox010207.spe | Photon Energy (¢V)
G nr75-depot 16.spe
PPV_30102_Q_3Asls.sp
- O Natox MulfSpectra.cle 1 A-168620° Photon Energy =2V W= 120337
) SamplelD.2004.10.22.1( ! I | =
f cilicon? VASF cna T
< » Load complete screen | Save complete screen | Save spectium. |
&) =
Natox DataMani.
MultiSpect:.

Lol

Current profie : Peter
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10.2 Spectrum logic comprehension in DP2

In DeltaPsi2, it is important to know what are spectra, multispectra, files, calculated files,
source, observables, graph page and how they are managed. The comprehension of this
structure are required to use the manipulations features.

What is a spectrum ?

A spectrum is composed of acquired data during one acquisition period. These data are the
datapoints for each observable which can be numerous and depend on the software setup
(see “Observables Setup”, page 17).

Table 1: DP2 data containers

Container

information

where to visualize

file

Large container with adap-
tive structure from single
spectrum to multiple Mul-
tispectra.

All of the datapoints of the
selected observables are
recorded.

Multispectra: Kinetic
mode, Vase ® and O,
results which include
acquisition scenarios or
other combinations.

Double-click on the file from the TreeView: 1 or
2 observables will be displayed. The observables
selector can be used to display 1 or 2 observables
among those recorded inside the file.

spectrum

acquired datapoints during
1 acquisition period.

When a file is opened, all the spectra (if exist-
ing) are displayed (up to 2 observables).

Multispectra or
Source

acquired data using the
Kinetic mode, the Vase
mode or by manual cre-
ation (Data Manipulation).

Double-click on the file from the TreeView: 1 or
2 observables will be displayed. All of the spec-
tra are displayed excepting for Kinetic mode in
which two cursor selectors go over the time and
the wavelengths.

Graphics screen

can potentially displays all
the spectra and up to 2
observables.

1 or 2 observables can be displayed. The units
selector can be used to display 1 or 2 other
observables among those recorded inside the file.

The figure below illustrates one typical data container used in DP2. This representation
shows the most complex case.

File

Multispectrum Multispectrum Multispectrum Multispectrum Multispectrum
- —— — — ar - — — /1

i
3l
(o]
o
[
13|
L

-
| | |
| | |
| N
| ]
L

|
|
|
|
e
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10.3 Data Manipulation Operations

10.3.1 Edit Feature

From the Data manipulation main screen, it becomes possible to edit and correct a
curve to remove uncoherent data or correct the noise. To edit a data, follow the pro-
cedure below:
- Using the mouse, select the point to modify,
- Press simultaneously the Ctrl and Up or Down keys to move the point along
the y axis.

.| Copy duplicate loaded spectrum, eventually limiting the range, to the
same or a new page.

This feature is useful to prepare a spectrum for a specific manip-
ulation, e.g. cutting a range and/or duplicate a file to keep origi-
nal.

Select the spectrum to copy

Spectum : IEId_hg_s‘I_isa.ref :

| Ifnecessary, change the

Cut spectrum to range : Start : I 2.0000 ey A/ ener range
End: I 25000 & gy g

| Generate result into

Insert in a new page or
 An existing page : IGraph1 j add the Spectrum m an
existing page

0K XK Cancel |
: 2 Arithmetic | perform the 4 standard arithmetic calculations between a spec-
trum and a constant or using another spectrum.

Select the source spectrum
Spectum : ICd_hg_s‘I_isa.ref S = . .
e Choose the arithmetic

peration : | Substract i .
calculation
" With & constant : lm
+ With anather spectum :
EETETT | — Select the constant or the
spectrum with which the
| Spectral range selection calculation will be
Urit: T performed
{ Byspeclrum:ICd_hg_s1_isa.ref- j
Fo ?a:_ :?222 Select the spectral range on
" | : which the calculation
Increment : I 0.08000 .
will be processed

| Generate result into

Insert in a new page or
(= An existing page : IGlaphW j add the Spectrum in an

7 0K X cancel | existing page
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3 Delete | delete a spectrum.

Delete a spectrum 3

+ Spesific spectrum - |Cd_hg_s1_isa.ref - Choose the spectra to delete
Al spectra
X Cancel |
4 Scientific perform the scientific calculations on a spectrum.

Select the source spectrum

Scientific Data Manipulation

Spectum ;| Cd_hg_s1_isaref - i . .

_ Choose the Scientific
Operation : .

calculation
| Spectral range selection
Unit : ' ¥

: z r _ Select the spectral range or
By spechum : ICd_hg_M _isaref - - Wthh the Calculation
& Userdefined:  Start: I 4.3000 Wlll be processed

End: I 51600
Incremert : I 0.05000

| Generate result into
= A new graphic page .
i Insert in a new page or
(% Anexisting page: | Graph 1 j

add the spectrum in an
o 0K | K Cancel existing page

5 Simple glue several part of spectra according to the selected wave-
Glue length or energy range.

Requirement: at least 2 spectra must be present in the same graph window. If
not, the “Simple Glue” button is inactive.
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Select the starting
value of the segment range
to glue

Data Manipulation

Select the starting spectrum

Choose the spectrum for the selected

Removing a
segment

Simple Glue and Assemble

B ordersugt :

| Start with spectum : IEd_hg_t‘I_isa.ref 5

Add a segment
to glue

Then, at:

Then, at : I 3500 use spectum
Add Segment |

2800 uge spectum : I Cd_hg_s1_iza.ref -

= & new graphic page

| Generate result into

I~

(* AWevisting page : IGraph‘I
' OK

-
x Cancel

\

Insert the glued spectrum in
the existing page or send it
to a new page

6 Glue

Choices validation

Same as Simple Glue with improved graphics selection.

The Glue button becomes active only if at least one selector has been inserted on the graph-

ics screen.

IMPORTANT: Once a selector is added, it is inserted at the cursor position. If the cursor is
on location (x=0, y=0) or (x=max, y=max), the added cursor will not be visible. Using the
mouse, move it then from this extreme position to the wished location.

NOTICE: The Glue feature operates on only one observable at a time. When several glued
spectra are created for different observables, they can be assembled using the Assemble

manipulation feature.
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E - DataM anipulation !E
Copy Arithmetic: Glus Simple Glue Azzemble Merge Drerivation I
Delete Scientific Interpalate Tauc Plat Range Scaling Smoothing
EEa MNew page

Al%| a)o] | S(Ele| ¢ B = -
Left Ik j X'IthnnEnergy j nght'ILI-| j

3.000

2.000
F 20,000
F19.000 y =y
F18.000
17000
F16.000
F15.000
F14.000
F13.000
F12.000
F11.000
F10.000
F49.000
F&.000
F7.000
| 6.000

1.000 4---

0,000 E - : - : -
1 2 3 4 Bl
Photon Energy ()

InGabsP y=024_jsaref ‘ | k =0.000 Phaton Energy = 0.65 eV W=5114"

Fiename page

[elete page

V' Selectors
Add emnvel Edit I

Load complete screen ... | Save complete screen .. |

When the selectors have been inserted and setup, click on the Glue button to display the

segments selection
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- oo )l Select the axis to display

] T T T - T T
1 2 i 4 S
Photon Energy (%)

Last zelection : InGadsP v=0.82_iza.ref (k]

| Generate result into

Insert in a new page or

= A new graphic page

@ Anexisting page : [Graph 2 =] add as new spectrum in an
= e | existing page T
Assemble When a Glue has been performed with at least two observables

(for example Psi and Delta), two calculated and separated
spectra are created. Using the Assemble feature will generate

one spectrum.

Assemble spectrum data x|

Select data to azsemble into one spectrum Sort by spectrum | W
NSource l wrum I Ohzervahle I
1 W

|l “alculated_1 5 1 3

| Result of two glued ¥
spectra

[~ Result of two glued k spectra

[~ Check to assemble

| Spectral range selection

Uit : el T

= By spectumn : ICaIcuIatch =) j

& Userdefined:  Start:

I 4.3000
End: I 51800
Incremert : I 0

Insert in a new page or
" add the spectrum in an
existing page

| & result into
A new graphic page
* An existing page : IGraph 3 j

J oK x Cancel
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merge Perform a merge between a «Configuration II» and a «Con-

2 From the Main Data manipulation screen, select the Merge feature

Acquisition Data

™ - DataManipulation

(C1EY

& B Report Templates Copy | Adthmetic Glue Simple G

e Assemble Memge Derivation | Angle Transform | Bl

¥ Results

Delete Scientific Interpolate Tauc Plat | Range Scaling Smoo\ng Depolarization | Kinetic Transform)

= ¥ Acquisition Data
-1 2003.04.28 Giraph 1

7] juin06

(] 2006.10.24 Azl aleln SEe @fe B s e \

=l thht-lln ‘

[

[

&[] Natacha kil I'S j * Iphﬂmﬂ Energy
(] tutorial ;

- 2 spe

..f 50177-2_1_1mm mask spe
Copie de 50177-2_1_1mm
Copie de nr75-depot 16 «n:

- Copie de TGB1113_IR|

ITO+2layers.spe

- ITO_HAM.spe Click and drop the Configuration IT [
eraklAT Iloo and Configuration III acquisition files| :

- - mergeNAT lllL.spe

- mergeNAT spe

.. mergeNO.spe
mergeRB ll.spe
mergeRB lll.spe

- - mergeRB._spe

2 - mergeSTD Il.spe B
mergeSTD lll.sp L a0
mergeSTD.spe '

- - nr75-depot 16.spe

- PPV_30102_0_3Asls spe [ et ST
- f#) SamplelD.2004.10.22.16h 4 R 2, .

silicon2_VASE.spe et

test.spe

|-0.000

-.{#% TGB1113_IR_01 spe
= B Model Resulis B
& B> Recipe Resulis i e e e e e s

3
Photon Energy (€V/)

figuration III» files using different Merge options. These
options have been already detailed in the acquisition chapter
which explain how to acquire spectra with the Merge option:
see “Configuration choice” on page 61.

b Load complete screen Save complete scre;

Select the files to merge

P> Reports mergeSTD lL.spe ‘ ‘ B ~ -
P> Application Library = Merge Data Manipulation
1

_ Spectum 1 ImergeSTD Il.spe - j

Operation : I Standard ¥ l

Choose the merge options:

- Standard

- Smart

- High accuracy

(see “Configuration choice” on page 62)

| Spectral range selection

Uit : e ¥

By spectum ; ImergeSTD I.spe - j

" User defined :  Start: I 2.0000
End: I £.0000
/ Increment : I 0.20000

/

Select the Spectral range

| Generate result into
% A new graphic page
 An ewisting page : IGraph 1 j

Ok X Cancel |

Click OK

to validate and merge immediately
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9 Derivation | perform a «derivation family» calculations on a spectrum.
Available calculations are: 1st derivative, 2nd derivative, Inte-

gral, Fast Fourier Transform and Kramers-Kronig.

These different processes can increase or reveal some properties about the layers.
Many abstracts, which can be found on internet, explain the properties and the
uses of such algorithms.

Kramers-Kronig

Kramers—Kronig (K-K) relations have constituted one of the principal tools in
the optical spectroscopy for the assessment of the optical properties of media
from measured spectra. The underlying principle for the existence of the K—K
relations is causality. Thanks to the K—K relations we have achieved a better
understanding of both macroscopic and microscopic properties of media.

Recently, various kinds of modified K—K relations have been presented in the lit-
erature. Such relations have been applied, e.g. to the nonlinear optical properties
of polymers. A typical advantage of these generalized K—K relations is that the
measured data do not need to be manipulated as in the case of the traditional K-K
relations. Hence, the accuracy of the inverted data on linear or nonlinear optical
properties of media becomes higher.

T ] —— Source spectrum
Spectrum : IEaIcuIated_'I -1 ‘—7 j

eration ta apply

P

& 13t Derivation " Integrale  Kramers-Kronig

™ 2nd Derivation " Fast Fourier Transform

N 4

~ Select calculation to apply

Insert in a new page or

Generate result into
"

& & new graphic page A./ add the Spectrum n an
£ An esisting page : IGraph1 j eXIStlng page

X Cancel |

.I O Interpolate perform an interpolation calculation on a defined wavelengths

or energy range.

T Source spectrum
Spectium : IAIS‘Igaas A ref - "’7

Choose the spectral

By spectrum : IAI1 Ogass_asp.ref -

I I W |t I‘al’lge tO interpOIate

S——— either use another
spectrum spectral range

—
i iy i% Select the User defined
Increment : lm ChOICe
| Generate result into Insert in anew page or
* & new graphic page g add the spectl‘um in an
 An evisting page : IGraph 3 j existing page

x Cancel
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The interpolation calculation is useful to change the increment of a spectrum
opened in the current active graphic window.

.l .l Tauc-Plot

Data Manipulation - Tauc Plot calculation

Fn (C(, E) (1/m) m= 2(Ind|rectTran3|t|09J

Tauc-Plot feature is a calculation program which determines
the Energy gap of a semiconductor material.

- =lolx Scaling factor selector
e for the Fn axis scale

Caleulation formula for ploted data :

Borders

1 2 3 4 55 E

silicon2_WASE spe

g | Boders: (1 | 255UU_| af 455UU_| Edit awis rances [rll- Customizing axis ranges

Resuls: [£q =2 1873 , Y, = -30404809, Fn=(aE)" (1/2) "1
Fitline (ax +b):a=1390.0829 | b = -3040.48609 . L.
— Direct printing of the

[V Automatic calculation [Ealeulate Taus Plot | Print result #/ [ Close | graphlc and results

Energy gap definition: In solid state physics, a band gap, also called an energy
gap or bandgap, is an energy range in a solid where no electron states exist. In a
graph of the electronic band structure of a solid, the band gap generally refers to
the energy difference (in electron volts) between the top of the valence band and
the bottom of the conduction band which is found in insulators and semiconduc-
tors. It is the amount of energy required to free an outer shell electron from its
orbit about the nucleus to become a mobile charge carrier, able to move freely
within the solid material.

.l 2 Range Scaling | Move spectrum on the X-axis.

__—— Source spectrum

Range Scaling Data Manipulation _7

Spectum :

|___— Choose Add or Subtract

Operation: IeV W‘— =] 0.000000 calculation

| P [~ Enter the «shift» value
% & mew graphic page

" An esisting page IGraph 3 \ j T SeleCt the unlt
v 0K Cancel \ .
X | — Insert in a new page or

add the spectrum in an
existing page
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This feature is useful to compensate for a wavelengths offset introduced by a
decalibrated monochromator.

.l 3 Smoothing

| Perform a smoothing process on a spectrum.

= Centered value :

End: I E.O000 &Y

Center point:l 3.5000 ey
W ariation ; I 05000 &

|t
Smoothing increment : 00100 e /

| Generate result into

* & new graphic page
" Anevisting page : | Graph 3

I~

x Cancel

Choose the spectral
range to smooth

T ] Source spectrum
Spectrum : IAI31 gaas_asp.ref - ‘—7 j
Select range to smoath © (¢ Al range

= Inkerval : Start : I 1.5000 &

Enter the smoothing
increment

Insert in a new page or
add the spectrum in an
existing page

This feature performs a smoothing following the Savitzky-Golay method.

The Savitzky—Golay method essentially performs a local polynomial regression (of degree k)
on a series of values (of at least k+1 points which are treated as being equally spaced in the
series) to determine the smoothed value for each point. Methods are also provided for calculat-
ing the first up to the fifth derivatives.

The main advantage of this approach is that it tends to preserve features of the distribution
such as relative maxima, minima and width, which are usually 'flattened' by other adjacent

averaging techniques
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.l 4 Depolarization

Data Manipulation

this feature calculates the depolarization factor from Two
acquisition files acquired using Config II and Config III.

The figures below show how to use this feature.

Spectum 1 : |}

Select the first file mode I (or II)I

Select the calculation range,

Spectrum 2 [ Thermor_fomation_M=-45_llspe - -

unit and increment [

Spechal range selection

Select the 2nd file mode II (or I)

Unit e -
& By spectum : | Themox_formation_l=—45_.spe - |
Fplser defined Start [ 2o
End [ eoun
Increment [ oeomon

& A new graphic page

Generate result into

 Anesistngpage: [Graph 2

DataManipulatio
Copy | vtmetic | Gl | SinpleGiue| assemble | Merge | DafSion

e el e sl ol . ] |

Giaph2 Graph2 |
[alz] 2| sleelml ST Bl o o

e[+ =] %[y =] R =

9.000

L
8.000

1000
7000 /
6000 k o
0 \ / -1.000
x 200"
somo \ \
2000 \>( 3000
1.000 4000

I}

naam | ey -3e [ED

3 4
Photon Energy (&)

©

a -
w9y =] Rights[notnng =l

0.005

o
[

N

3
Photon Energy (6V)

brcston actor-0] | PhotonEneray - .55/

reen... | Save complte sereen... | Save speium,

.l 5 Angle Transform

the Angle Transform feature allows the user to change
the axes representation if a multispectra file has been
acquired using the Incident Angle variation or ® Sam-
ple Stage Angle variation. The angle increment can be
chosen and thus all the data points will be recalculated
and then displayed. The following figure shows an
example.
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Select the calculation range,

Angle Transform

Data Manipulation

X,

Source of spectra: IS\mZ-[SI spechia)

H

lect range of paints used to generate new spectra

unit and increment :
Unit: e =
Start 1.0000

End 3.2000
Increment 0.10000 2

Angle to use a3 new range

& Angeot mM/

" Theta angle

Stage

& & new graphic page

Generate result into

N~—~

" An eisting page: | Graph 1

|~ Select the angle type:
incident (ellipsometer)
or ® from the Sample

DataManipulatio
Copy |_avibmotic | e | SipleGius|_ Assemble [ Heme | Deivation | Angranstom | Buid Bl i b e |
Dekte | _Scienitic
Graph 1 | Hew page
Al afe] | sl m[e B o] m- Rensns pige Ah S N T
Lett: [is (=] %:[ProtonEnergy =] Right: ic =l Delte page Lete: [ \j x:[sor =l Righ:fe =l
Selectars
0400 = = ] add_ | Remove]_Edt -
-
==
o
- ——
o
015
Is 0
o0
0000
o
0.080 fE=s
= A e | L L D N | | B = e
0.150
0200} -5 N 0200
1 2 3 55 56 57 50 59 60 61 6263 64165 66 67 686970 71 7273 74 75 76 1776 79 80 81 62 83 64 85
Photon Energy (V) A0iC)
o | raoesor | wesis | pretmeemeorees oo I o | o Lo
Load somplete sreen... | Save conplete scieen... | Save spastum || sessiomtionsons:.. | nsmiimsmnn..]| Saemeiinn

6 Kinetic Transform

Select the calculation range,
unit and increment

Source of spectia : [20 points.clc - (20 spectra) =

the Kinetic Transform feature allows the user to display
a multispectra file vs. time to a kinetic spectra represen-
tation. Once calculated, the Time will be shown on the
X-axis and the selected observable on the Y-axis. To
perform this calculation, the multispectra must be spec-
tra vs. time. The figure below shows an example.

Kinetic Transform E x|

Select range of paints used to generate new spectra
Unit :
Start : 1.5000

End:

Increment :

L e

6.0000
010000

©

& new graphic page

Generate result into

Selectors

Add | Femove| Edi o

" An esisting page ;[ Graph 1 =l
X Carcel
O BER

copy | mitmetc | cle | sopboie|  pssemtle | veoe | evaion | Angigstom | Buid Mubispecta Cos cic | Gue | SiploGlus| Asserble | Mews | Dervation | Anle Transtorn | Buid Mulispsctia|
Dotte | _Scieniic_| _Inerpolate | _Taue Flot | Range Soalng | _Smoatting | Depolaizaton| Kine@Trarstom] Detve |_ccMic | _Irtepelte | TaucFlot | Fiange esing | _Sroothing | Diepslateston| Kinste Traatom|
Genl New pege (el | s Newpage
Al eJe|n| Slmn s Bls - Azl el \EerE d [+ & - Aename page
e ]| 5 [rromerers =], o[ | Lot:[w N o mefes 5 TR

Selectas

i | Remove] | Edi

= T 10
; [ —
“ 12000 == =
~1 1
10
/ i
/
/ o sl
® ve) g
0.180 A f "J
1 g
0160 ‘l H ‘ H
0120 e .
0100 |l
& »
0060
0040 e &l . f
0020 -
Py
; 3 i o s+ &
Photon Energy (V)
Tpomack | 2038 | Phoontnemy = 13486y =008 [ w=is vosm | = T
Load | _save | Load complle seroen .. | _Save complee scisen .. | Save spectum
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.l 7 Build Multispectra

Check the spectra to include
inside the Multispectra file

Data Manipulation

this useful feature allows the user to create a unique
file from several spectra. It can also be used to select
just one or several spectra from a long multispectra
file.

Assemble spectrum data

Materials

=¥ Materials =

@ (1 - Alloy model

= £ Notused
1737.dsp
Ain_sb_isa.ref
A-ga_as_isa.ref
Age_asp ref
Asi

Piel.ref

~gap_
CpaB_asp.
‘ge_asp.ref

Cinas_asp.ref
Cinp_asp.ref
Cnpisa.ref
Cinsb_asp.ref
Csi_isa.ref
Csi_uv.ref
Csi_wor.ref
C-sihdop_asp.ref
Fe203.ref
Gaas_asp.ref
Gaas_hiy.ref
Gaas_isa ref
Gaas100_jel.ref
Gaasoxid_asp.ref
Gap100_jel ref
Ge100_jel.ref
InGaAsP y05.aly
ito osc drd dsp

new .dsp |
| >

B2 2 - pataManipuiation

o | _titmoto | _oie

HEREE R LIRS

{ live|_Asonio | _ore | _oivtan

Groph 1| Gaph 2] Goph 3| Groph 4 Geph5 |

Al aJon| Sleim| Q¢ Eof
Len: [ =] x:[Fromereny =] A =

—
—

AN
o | LTAE

and drop

oo -SCVET

al 11les

0400

0300

b

Select specha to build mulispectra Sort by spectrum | SortbyAOI | Sort by Theta ange |
E
1ol MuitiSpectra Sp 03|
I |mutspectra Gaas_asp.ref 67.08 0.00
™ |mutispectra Gaas_isaref 67.08 0.00
Angle Trantorm | Buutispectia|
R"”"“"“ Spectral range telection
enane p
Deletepay Unit eV =
Seleoos
s |l © By spectum I MultiSpectra - C-ge_asp.ref j
& Userdefined: Start: 2.0000
End E.0000
Increment : 0.20000
e v Generate resultinto
retip il
e & A new graphic page
€ Anesisting page : | Graph 1 LI
( 3 ) 3 Cancel |
N

e

/

2

3

K
Photon Energy (6V)

B

Validate the choice to generate

Wnpeia | Gonsorst | Be01n

Photon Energy =2eV

le=0737

Load complete sceen.. | _Save conpletescreen... |

Save spectnm.

the multispectra file in a new

Graph window. Then Save the new

spectra file.
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11 Acquisition and Data Manipulation Scenarios

The Acquisition and Data Manipulation Scenarios have been created to generate auto-
mated acquisitions with automated calculation processes. This calculation processes are
not required but when many acquisitions with different routines are performed, the logi-
cal result is processed by calculations to reach a meaningful result.

The Figure 11-1, “Scenarios example diagram”, page 133 shows the logical organization
of this feature.

As shown on the diagram, the Acquisition and Manipulation scenarios are two separate
function. These scenarios setup is made separately.
How Acquisition and Manipulation scenarios are linked ?

It is very important to know that both scenarios are linked by a very simple relation: The
first acquisition is automatically send to the il input of the Manipulation scenario, the
second Acquisition to the i2 input and so on.
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t (time): launching the Acquisition Scenario

'

t1

Acquisition Scenario

_>

Acquisition 1 |——3»

Acq1

| Acquisition routine A

_>

Acquisition 2 —®»

Acq2

I

| Acquisition routine B

_>

Acquisition 3 [—®»

Acq3

I

| Acquisition routine C |

th —

Transfer Result Acq1 --> i1
Transfer Result Acq2 --> i2
Transfer Result Acg3 --> i3

\

Manipulation Scenario

i1

—>{ ManipT |-

M1

M1

M2

M3

M4

M2

M5

M4

M5

[ Manip6 |-

M6

M3

A

End of calculation
Results M5 and M6 can be saved
and displayed (M1 to M4 also if required)

Figure 11-1 Scenarios example diagram
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11.1 Acquisition Scenario

The Acquisition Scenario has been created to automate several acquisitions using one or
several Acquisition routine already prepared. If you have already planified to use it with
the Manipulation scenario, you must take into account that the acquired acquisition results
will be redirected automatically to the Manipulation Scenario inputs; respectively the first

acquisition results to the il input, the second acquisition to the i2 input and so on.

11.1.1 Accessing

There are two ways for accessing to Acquisition Scenario window:

EiE:

Click on the Acq icon located on the Main icons bar

0 | 55 | 22, g

B

=

<

Acquisition Routines

¥ User Library
- [ Acquisition Routines
- Data Manipulation

Byl | () 0| X

¢ Application Library

Ellipsometer

-~ * Substrates LC

M

-6

®

| Special

Ellipsometer Calibration

®

: Recipes

=

Spectroscopic Mono

esults
Acquisition Data

®

>
>
>
> Report Templates
R
>
>

Spectroscopic MWL

Model Results
- > Recipe Results
Reports

®

-

Kinetic Mono

- Model Reports

& I+ Recipe Reports

Kinetic MWL

W Application Library

- » Acquisition Routines

R&T Mono

- I Data Manipulation
- » Substrates

R&T MWL

-+ Materials

- > Models

-~ > Grids

-~ Recipes

- » Report Templates

Then select the Acquisition Scenario choice
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B

Acquisition Routines j
=+ W User Library

=8 3 Acquisition Routines

=58 | [

e

R R e Lo TP Data Manipulation Mew Ellipsometer Calibration Routine
Right-click on the Acquisition = b subsuates New Spectroscopic Acquisiton Routine Mono
Routines choice located in the P Materials N PN R e T

. P Models New Kinetic Acquisition Routine Mono
DP2 TreeView P Grids New Kinetic Acquisition Routine ML
’ Recipes Mew Kinetic Acquisition Routine LCE

Mew RA&T Acquisition Routine Mono
> Report-Templates MNew R&T Acquisition Routine MWL

=2V RESUHS_ et New LCE Calibration Routine
> Acquisition Data New LCE Acquisition Routine
P> Model Results New LCE Initial Acquisition Routine
& B Recipe Results MNew LCE Advanced Acquisition Routine
=¥ Reports New Simulated Acquisition

Reports N quisiti Tario

P Model

EHeports

Select New Acquisition —_— Application Library !EW £ e
Scenario choice > Acquisition Routines szti ct:l+\-'
> Data Manipulation
DElete el
b SUbSt_rﬂtES Rename Chrl R
B Materials QpEn Chrl 0
: Models Open as Texk Chrl-T
Grids Tools k
P Recipes Find ... Cirl+F

> Report Templates

Cony file from

11.1.2 Description

Once selected, the screen shown below will be displayed. The large empty area is
ready to receive the acquisition routines.

HEEEE L ks e e
Acquisition Routines p| & Acquisition Scenario - Nonamel_acn

=- W User Library
B Acquisition Routines
P Data Manipulation
P Substrates
P Materials
P Models
P Grids
P Recipes
P Report Templates
= ¥ Resulis
P Acquisition Data
P> Model Results
= Recipe Results
=¥ Reports
&- B Model Reports
=- P+ Recipe Reports
£ W Application Library
=- I Acquisition Routines
- > Data Manipulation
- B> Substrates
B Materials
P Models
B Grids
P Recipes
P Report Templates

T - Perfom data manipulation
Drag-and-drap a data maripulation scenario to use

| L ‘
" Bun Check Save ISava As ‘
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Just grab and drop the routines you want to execute to perform the acquisitions.

The screen below shows an example where 3 routines have been dragged and
dropped. On the bottom, a Manipulation Scenario file has been added to link the
Acquisition Scenario to the Manipulation Scenario. In this example, the
resulted acquisition 1 will be send to the Input 1 (i1) of the Manipulation Sce-
nario and so on for the others acquisitions results.

5 [f

Data Manipulation

= W User Library

=¥ Acquisition Routines
-fy 1.5-65_0.1.acq

g | %| Mat Acq Mnd Grd RE: sz

= el

T T Te——

Hlee

K0 BE B

Water Map

IE"/“

HE
¥ 7000 mm

= 0000 mm

i @ AM zero calibgation ¢ LY offset before acquisition:
f GST2 aDq*
fiw) natif.acg GSTZacq

% natif? acq 2
Nonamel ack e
e Noianat o ™ PerformY 8

t before acquisition

M \tsil

B
¥ 7000 mm

& oo Activate the checkboxes

% routine.pkg
i) test.ack
@ test.acq
= W Data Manipulation
-y dms

15850150

3

0 = offset before acquisition:

to save the acquisition

]
a— results

7

= 0000 mm

3 gluel.dms testacg

8 £||

-y glue2 dms

Notox dbl shift. dms
Notox shift. dms
Test.dmnll
P Substrates
Materials
Models
Grids
Recipes
Report Templates

Mndal Results

d
»>
a
-
R
- P Acquisition Data
-
-
R
P
>

Recipe Reports
Application Library
P Acquisition Routines
b Data Manipulation
~ P Substrates
- > Materials
= B Models
- P Grids

----- > Recipes

v - Perform data manipulatio
P Report T x

& maripulation| scenaio o use

|<Llsar Uibxary\Date Haatlalon Test don

Check I

(ﬁave |Save As ..
e —

Launch the scenario

Activate the Manipulation scenario

Check the scenario coherency

Save the Acquisition Scenario

11.2 Data Manipulation Scenario

The Data Manipulation Scenario is a powerful feature which allows to build a complete
processing of acquisition files. We can consider that Data Manipulation Scenario is like a
box with inputs and resulted outputs after the manipulations.

Logically, the Manipulation Scenario has been designed to be associated with the Acquisi-
tion Scenario. But for test purpose, it is also possible to drag and drop acquisition results
files on the input and executes the Data Manipulation Scenario as a stand alone process.

These files which have been dropped on the inputs are only functional when Manipulation
Scenario is running as stand alone. That’s why, even the inputs show associated files, they
will be considered as empty, as long as it is used with an Acquisition Scenario.
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11.2.1 Accessing
The figure below shows how to access to the Manipulation Scenario window:
Right-click on the Data H% B @ ‘ leh ‘ Nat, Foq. Mot, Ena. Roc. Tom. | B 1l
Manipulation choice located \ Data Manipulation -
in the DP2 TreeView W User Library
: Acquisition Routines
q & D2t Manipulation,
- » Substrates MNew Data Manipulation Scenario i
+ P+ Materials Mew folder
7 I Models Copy Chrlsc
’ Grids Paste ]
’ BEcipes Delete Dl
Report Templates  Rename CErl+R
I ' Results CpEn it
. . / #- B+ Acquisition Data Oper as Text ChrlET
Select New Data Manipulation 7 B> Model Results Tools 3
Scenario choice © B> Recipe Results i
=8 ' Reports Copy file from ...
e hodol D i i
Once selected, the following window will be displayed:
Input selector Result tab graphs Activate the graphics output
Scenario diagram Add an operation as a separate graph under Result tab

EIERErS

“wafer Map

Data Manipulatiol " Data Ma ipulation S Jiio - Nonamel.dmn
W User Library
= B Acquisition Routines e |
= B Data
P> Substrates
& B+ Materials
= > Models
= B Grids
= B Recipes
= P Report Templates
E ' Results
& I Acquisition Data
& B Model Results
&= B Recipe Results
E ' Reports
= B+ Model Reports
=- P Recipe Reports
E ' Application Library
& B Acquisition Routines

P Data Manipulation
; P> Substrates
P> Materials
P Models
- P> Grids
P> Recipes
> Report Templates

R Run

Save the Manipulation Scenario Run the Manipulation Scenario

Check for required information and scenario coherency
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11.2.2 Description

The logic of this powerful feature must be well understood before starting to
work with.

The procedure below explains, step by step, how to build a functional diagram.

Preliminary:

Do not forget that, in the final step, the Manipulation Scenario will be linked to
the Acquisition Scenario through the inputs il, i2, i3 ...etc. That means that you
must have an idea about the acquisition files which will be sent on these inputs
and calculations which will be applied to the files..

Procedure

.l Input

11,12 ...1x

Using the up/down arrows, select the number of input you will
need for the entire scenario.

If you do not really know, don’t worry, you will can add new
inputs during the scenario build.

These inputs have two functions:

During the scenario build: you can drag and drop an acquisi-
tion results file from the TreeView to an input. This is useful to
test the manipulation scenario as a stand alone process.

When a file has been dropped on an input, the ix label becomes
bolded. Later, If you want to know the file which has been
dropped, just move the cursor mouse above each input and the
filename will be displayed.

Linked to an Acquisition scenario: whatever the files you have
dragged and dropped inside the i1, i2 ... boxes during the build,
these files will become completely transparent when the Manip-
ulation Scenario is linked with the Acquisition Scenario. In fact,
when the Acquisition Scenario is launched with a linked Manip-
ulation Scenario, the first acquired spectrum will be sent to the i1
input, the second acquired spectrum to the 12 input and so on.

2 Add an
operation

Click on the Add an operation button to display the list of the
available calculations or actions.

@ Data Manipulation Scenario - Nonamel_dmn

Scenario I Results |

Input———

Add an operation ... | Select an operation to add ...

1 2
Calculations 1
i1 Copy spectrum
Depolarization
Deriva tion

Build Multispectra
Interpolate

Load material file
Angle transform
Kinetic transform
Merge

Range scaling
Smoothing

Tauc Plot

n &k Table
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All of the calculations or actions are those used and described in
the Data manipulation feature (see “Data Manipulation”,
page 117), with the exception of the Load Material File action.

This action could be necessary to load and insert a file inside the

calculation process. This file must be physically available in the
TreeView.

The following figure shows a scenario example:

| HORIBA Jobin Yvon Prnt  Help  About
BB £ £ B fo B % Bl 8] 0] e 12 ECES
1 Data Bd| @ pata Manipulation Scenario - Noname1.dmn

v [=
ion Routines
wnipulation
les

Is

Smoothing range Alltange E
Smoothing increment t 00500 e

Results\Acquisition Data> Natox Multispectra. dic

Templates

I

ion Data Build Multispectra ~

04.28
ho.za 2 > 2] ™ change40l: [ 7000 [ Changs Thets: [ 0.00 e

02.13 e =1

07.19 =

2] ™ Changeani: [ 71.00 [ Change Theta:| 0.00

ange 7200 enge Theta: [ 0.00
07.29 | [~ Change ADI I Change Thet. -
10.05 A =I[F = r changeeoi[ 730 1 change Thets | 000 i
[He:2 © =l[* =] changsao0l:[ 7400 [ Changs Thets [ 000

cha
al

07.09.Nonam
7-2_1_1mm

ilated_1.clc Mz =]

15000 [ov =]
llated_Glus?. Range end oo Y
Hated_Glue3. 05000 e

> de BO177-2_ =

5 de nr75-dep [+ ] Smoothing M
> de TGB111% Smoothing range :  [Allvange =
B, 0.0500

Zlayers.spe =P Smoothing increment t &y

eNAT IlLspe =

eNAT llLspe
eNAT.spe

On the above scenario, we have 3 inputs, each one filled with an
acquisition file (il, i2, i3 are bolded). The cursor mouse, above
the 13 input shows the filename <Results\Acquisition Data>
Natox MultiSpectra.clc.

There are 4 operations in the scenario. As shown on the screen,
each operation has an input selection (ix or Mx) and an output
selection Mx. Additionally, on some operations, a spectrum can
be chosen: this is the case for multispectrum or kinetic file. This
spectrum is selected by a number which follows the chronologi-
cal order. The other parameters are those available for each cal-
culation (see “Data Manipulation”, page 117).

Once the output has been selected, there are two choices: keep-
ing the result for a chained only calculation or in addition output
it as an independent file. In this case, the Mx checkboxes located
on the right must be checked.

Looking the example above, the scenario will perform the fol-
lowing calculations:

* Smooth the first spectrum on the i1, using all the range with
an increment of 0.0500 eV. The results will be sent into M1
which is checked for individual output.

* Build a multispectra file from the first spectrum on the 12 and
the four first spectra on the i3. The angle of incidence has
been modified. The results will be sent on M2. The individual
output has not been selected.
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* Transform the multispectra M2 file previously calculated with
variable angle of incidence, and display it with the angle of
variation unit on the x axis. The results will be sent to M3.
The individual output of M3 is selected.

* Smooth the third spectrum of the i3 input on all the range with
a 0.0500 eV increment. The result will be sent to M4 and indi-
vidual output has also been checked.

As explained on the example above, each result can be checked
Mx to produce an individual result. This result will be displayed as a
“graph” in the Results tab (see page 137).

‘ E\ g ‘ [%’i‘ Mat, Acq Mod Grd Rec Tem |—} ITEH ‘ l SRR EE ‘ oj Q
Acquisition Data g @m Data Manipulation Scenario - Nonamel.dmn
£ W User Library = e T

- > Acquisition Routines { Graph1 Graph2 |G[aph3|

' I Data Manipulation /
I Substrates .

b Materials j B I Photon EHM Right I.-l

' Models

< B Grids

F Recipes

2 Report Templates 38.000 [ 142 000

='W Results F—

2 W Acquisition Data i 3
B (] 2003.04.28 35,000 | 144.000
& (] 2006.10.24 142,000
= (] 2007.02.13 i
- (1] 2007.07.18 Sabon [ 14000
(1 2009.07.29 [ 138.000
#- (] 2009.10.05 33000 L i
& (3 2009.10.12 32 000
D Cine | 134,000
g juinDB 31.000 132 000
Natacha 30000
& (] tutorial : : | 134000
-Gy 2 spe e [ 122 000

£ o000 032008 : / i

On this example, three Mx outputs have been checked. After the
calculation, three individual graphs are generated. The resulted
graphics screen is standard in DP2.

To save the current graph, click on the clc @ icon
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12 Getting Started Session with UVISEL VIP System

The UVISEL VIP System includes a High Performance Ellipsometer called UVISEL
and a Reflectometer called VIP (Visible Inspection Platform).

The Pattern Recognition Station is permanently activated and can be used for Ellipsom-
etry and/or Reflectometry measurements. The following chapters explain, step by step, a
practical example of reflectometry measurements on a patterns sample. This procedure is
identical if applied to ellipsometry measurements.

12.1 Power on the System

To power ON the UVISEL VIP System, turn the large red knob located on the
front of the System to the right, as shown on the figure 12-1, page 141.

General Power Supply

PC System Supply

Emergency XYZ Stage
Power Supply

Figure 12-1 Power supply

12.2 Starting a session

System is powered ON.

Double click on the Measurement icon located on the working panel: this action

will load DeltaPsi2 and PR Station softwares.

By default, DeltaPsi2 is displayed on the screen. From this step, an Ellipsometry and/
or reflectometry measurements can be started.

During the session DeltaPsi or PR Station can be switched using the button located on
the right of the screen (see figure below).
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12.3

Before running measurements recipes, pre-adjustment phases are essential for a
success achievements of the measurement session. There are three pre-adjust-
ment phases:

. General: sample size, autofocus setup,
. Layout creation: dies grid creation,
. Measurement points setup.

Pre-adjustments: general

This chapter will describe how to setup a grid and how to adjust the autofocus.

Starting a session

To start a session, see above “Starting a session” on page 141.

Choosing a Grid

Click on the Grid icon, then choose the Complex Grid option as shown on the figure below.
The Grid Editor will be then opened.

(G

G L T
- User Library
# B Rasutte E
- eports
- Application Library 2 ry:  Application Lix ~

Simple Grid 2

Complex Grid

X Cancel

Setting up the Grid

Click on the Grid Setup icon: a pop-up screen will be opened. Enter the parameters of the
Grid. In the case of repetitive patterns, the grid is the entire patterns sample.
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HEEXEE

User Library

o | BB (%] 0 K

& B> User Library bt Manusl I” Show dies coordinates
P Results (] ‘ Sehp ‘ (2 griddenion 1 Show pains order

Edge=3000mm | Thickness = 0.725 rm Diamater = 200.00 mm

= B Reports
B> Application Library

FlayNotch location : [B

Edge:
&
Thickness : X
 Close |
s o] T
@
[
T T

Substrate setup 1 x|

Predefined substrates :
Substrate type : W—— Select the sample shape

Height : 200.00 mm . .
i Enter the dimensions of the sample
Width : I 200.00 mm

| Edge : | 3.000 mm Enter the edge around the useful part of
ThicEneeer [ 0725 mm the sample (blue on the figure below)

~ Enter the substrate thickness
Close
% — Close and validate the values

In our example, we have chosen the following parameters:

2o fo 2o | ByEH| (2] 0| X EEIORS

AEEEE R
| -

Acquisition Routines

5 ¥ User Library
& ¥ Acquisition Routines
RE-small acquisition.acq
@ Standard.acq
(&) 190-830-10nm-SE.acq
@) RE-acquisition.acq
{i6) DUV-VIP-acquisition.acq

. et | g Ord dfrition Manual I~ Show dies coordinates
Setup. osing PR G g deseiton I Show points order

Edlge = 13.000 mm [Thickness = 0.100 mm t=55.00 mrm, Wil = 87.0

Substrate type Rectangular  ~

Height 55.00 mm
Width 7.00) mm

Edge 13.000 mm
Thickness 0,100 mm

# Close |

=3 RE
up4-gold.mdl
up4-mdl
cro.mdl
Reference 20A SiO2 sur ! P!
up4 re.mdl ati
uptol4 SE.mdl
up5-p2.mdl
up5-p1.mdl ‘ t

1 | _>l;‘ Save s .|| X =-9999.993 rnim, - -3999 939 rmm

| Curentprofiie; Plasticloge |

=
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4 Real Time View

Click on the Grid definition using P.R. button. This action will transfer the Grid parame-
ters to the Pattern Recognition software.

B Transferring Grid definition
- to PR software

huisition.aca

Subst.
Setup

A

ﬁGrid definition
using P.R.

The Real Time image of the patterns sample is then displayed. The following sequence will
setup and calibrates the patterns layout and will set the measurement points.

GER B E

Ul 5] - PR Routine

oA e A
ahat. Acq. Mod. &rd. Rec. Temn

el (F] 0 K

EITR
“

User Libra

>
- Data M
P Materia
- B Models
- Multimc
Grids
Recipe
Report
=P Results
&> Reports
= Applicatio

x

54.726 Hest
23.204 Back
018z

=

¥

Cancel

¥ Live videa

Focus

Loy

lllumination

Details

Adjust Image

R Sel Pos

Manual Load

It:
[ | ) | ||Prepare substrate and click Next ) j

[ Current profi o

Figure 12-2 Real Time image

5 Autofocus Adjustment

First and foremost the autofocus setup must be performed. Without this action, the sample
could be out of focus.

Click on the PR Station button: see step 6 on Figure 12-2, “Real Time image”, page 144.
The Pattern Recognition Station Main screen is then displayed (see figure below).

NOTICE: This procedure can be also performed from DeltaPsi2, but the PR Station screen
is more convenient.

This screen is useful to perform the following action:
* Setup the Z stage height,

* Setup manually the pointer either by mouse or keyboard,
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*  Quickly move the stage from one point to another, useful to lay down or remove

a sample.
Sta}ge 0 150 Tl Registration
pointer % / 5
location g i Config
- _ Service
0 ' 150 300 e,
% | 54.73 = - LA
EE Focus | Abort
z[ oan = E
IServ.Z ~| Lock| Unlock +
Manual Move | k Sel Pos
Pointer 58 sony XCES30 +
setup k Select 00% i
¥ Grid Mnde:ISnap - -
4 : 4
| Source [ E / 4]
/ Filter: [LOPAS -
. ¥ Reflectometer lllumination
Pointer
PR
Station
- DeltaPsi
4 | B
Autofocus cross  Area covered by the autofocus ~ Run Autofocus Back to DeltaPsi2 Software

Figure 12-3 Pattern Recognition Station Main screen

Z height Setup

Depending on the sample, the initial Z height and the height variation for autofocus must be
set. Click on the CONFIG button then select the Auto-Focusing tab to open the parameters
table. The figure below shows the parameters which are important to verify and change for the
best and fast autofocusing operation.

AF initial Z (mm): enter the sample thickness value.

ZDistTop and ZDistBottom: enter the variation value which will be applied around the AF ini-
tial Z value.

Variation: enter the autofocus variation increment.

«Variation» increment

AF initial Z + ZDistTo ,/
P R Autofocus variation
Sample — * ol
AF initial Z - ZDistBottom —_ ——— t AF initial Z
/ XYZ Sample Stage
//////////////////////////// A

The ZDistop and ZDistBottom values must slightly exceed the sample uniformity variation
and Variation increment must be chosen as a compromise between the focus precision
(enough for pattern recognition) and focusing speed.
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Cl

ific
.. . DeltaPsi v.1 | Routine | Executor | Wafer | MicroSpot | X¥Z Server | Auto Pict
Inltlal helght Pattern Recognition | Pre-Alignment Auto-Facusing | Cameras | Calibration | Illumina|
Pl b ~ Predefined AJF routines
C:AHORIBA\PRStation\BIN\AFDefault.ini
ivision factor:
Mean-square erfeg 3
ick Save to store the AF initial Z [mm]: [11
. Delete
modified parameters
Default
| 3>

Note: Default AF routine should be the first in this list.

Save |CAHORIBAYPRStation\BINVAFDefault ini

[Info]
ClassName=TPRS_RD_AutoFocus

.. [Root]
Variation range Mode=1

IRpot_A ageRoutine]
ZDistTop=0.15
||ZDistBottom=0.15
Variation=0.015%
/' FittingMethod=0
[ . SharpnessMethod=1
Variation increment  ||areasize-100

BowPitch=1

Figure 12-4 Autofocus parameters location

Setup the pointer

Figure 12-3 shows the pointer location over the sample. To move this pointer, click and drag
the small cross; once the mouse button is released, the stage moves on the selected position.
This feature is useful when a specific location is searched; it can be also used to lay down or
remove a sample. To move the stage with a higher precision, enter the target value directly in
the X, Y, Z fields.

Click on the Save button to store the modified parameters.

12.4

How to verify the Autofocus

From the Pattern Recognition Station Main Screen (see figure 12-3), move the pointer with
the mouse over the sample and position the dark big Autofocus cross over a clear surface (see
figure 12-3). Once done, click on the Focus button: this will activate the Autofocus feature.
Once performed, try several very different locations of the sample: this must be made to insure
the sample thickness is within the range of the defined height (see “Z height Setup” on
page 145). If necessary, redefine these parameters.

Pre-adjustments: Dies Grid creation

From the figure 12-3, click on the DeltaPsi button, to switch the screen to DeltaPsi2 Software.
The procedure below will show step by step how to create and memorize a dies Grid.
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From the figure 12-2 (just before the Autofocus Adjustment), click on the next button. The
following screen will be displayed:

Pointer (green circled cross)

Autofocus cross

Moving Panel

i

E®
Acquis T

=Y User Libra
+- > [T
~P Data M
- Materia
P> Models
Multimc
Grids

Recipe
Report
=B Results

= B Reports

=B Applicatio

Choose an origin
point which
becomes the leb
bottom corner
of the origin die

| =]

g‘ S

Mat. Acq. Mod. Grd. Ree. Tem

(9

4

Corners of die origin: right up
left bottom right bottom

RN E ) K

[

84.726

Mext

@)
[=] BS

23204
0182

[ Live video

R el Pos

Back

Cancel

Facus

Lo

llumination

Detail:

Adiust Image

N
Click next to confirm this die origin or point another one )

[ Current piroFle :

L2

Figure 12-5 Choosing origin point

Using the Moving Panel, move the stage and using the mouse click on well distinctive point;
see yellow circle on the figure 12-5. At this point, the Autofocus cross must be visible on a
clear sample surface. If not, click on another origin point. Once performed, click on the Next

button.

Due to the autofocus principle, the Autofocus cross must be on a reflective surface to be effec-

tive.
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HEE

- User Libra
- B Acquisi
P> Data M
B Materis
P Models

&P Grids
=P Recipe
P Report

+ B> Results

i B Reports

+- B+ Applicatio

i

7=

<

A
Mat. Acq. Mod. Grd. Rec

&

Tem

lgﬁl‘r—sg‘lgﬂf\‘%

o

N
 Fortirst point only!

Run autofocus at pre-alig
’76' For all points

puim?\\

K
- | F X
L ETNE et
Y[ 23208 N—pr—
=3
l
¥ Live video =
L
IHuminlation
Defils
Adjust{mage

K Sel Pos

hoose one and click Next

4

[ Current profile ;

X

Select the option: for all points

Choosing the origin pattern

Then click Next

At this step, an origin pattern must be defined with the following conditions:

* Choose a shape which is unique in one die, but of course repetitive on the sam-
ple. If the dies are not visible on the sample, this is not a problem, just choose a

repetitive pattern which will be close to the origin point,

e This pattern must be located upper and on the right of the origin point which
has been defined previously.

This pattern will be memorized by the program and will be recognized everywhere on the
sample. The selected origin pattern will be the reference origin area from which will be

defined the dies Grid. Once performed, click on the Next button.
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The figure below shows the current procedure to create the dies Grid (dotted red lines).

Found pattern

fll-
|

:Calculated dies Grid which will be Irlsed by DeltaPsi2
|

I s\‘b"‘ae

Physilal die on the sample
I

' Move the stage upper for upper die corner
Chosen origin | |

pattern \

Origin
_paint_ _ =

Found pattern

Move the stage right for right die corger

Figure 12-6 Die size and sample layout calculation

AP IR
FEETERAN (=] - PR Routine

B ser Libra
B Acquisi

Chosen | . & wainn

origin pattern

5e726 N ||

23.204 o
0182

=5

™

Cancel

¥ Live video r—

Lot

lllumination

Details

B Applicatio Adjust Image

R Sel Pos

Moving Panel

Corners of die origin: rightup
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« | ||Choose pattern recognition area

Current profile : [
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Moving Panel
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=¥ User Libra
B Acquisi

.

¥

P Materia
=P Models
B Multimc
=P Grids
P Recipe
=P Report
= B> Results
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= > Applicatio

Cancel

¥ Live video =
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Adjust Image

atl
Comers of die origin: right up —
left bottom 54.574 23.084 right bottom

~ It
[l » [ |[Move the stage right for right die corner ) J

| corrent profie : !

Figure 12-7 Move the stage to the right die pattern

The Software asks the user to move the Stage to the right corner: What does it mean and
why to do this?

In fact, step by step, we will program and give useful information to software. The
figure 12-6 shows how the software will calculated a «software die» from three adjacent
patterns. The 4th pattern, chosen as far as possible from the others, will be used to calculate
the XY layout of all the dies.

Finally, knowing the sample size, the die size and the layout orientation, the Software will
be able to find the patterns on all dies of the sample.

Back to our figure 12-7: using the Moving Panel, move the stage to the adjacent right die.
To perform it faster, add the theoretical die width to the X field value. In our example the
current X position is 54.726 mm and the die size is 0.500 mm: the entered value is 55.226
mm. Be sure to see the pattern on the screen. Press the Next button to validate. Immedi-
ately, the Software should detect the pattern and displays in the comments area the percent
score. If the score is low, it is recommended to choose another pattern shape. If the detected
pattern is fine, click on the Vext button to validate.

A new screen is displayed. The «comments» ask the user to «Move the stage upper for
upper die corner». Proceed as for adjacent right pattern described higher. Now, add to the
Y field value, the theoretical die height. If the pattern is found, validate by clicking on the
Next button.

DeltaPsi 2 Software 150



05/20/2016

HORIBA

Scientific

Move the stage upper for upper die corner

E =N

rrent profile ; PlasticLogic |

A new screen is then displayed.

Move the stage to second pre-alignment point and click MNext

> |

¢ PlasticLogic |

Getting Started Session with UVISEL VIP System

The comments ask the user to «Move the stage to the second pre alignment point». The
goal is to find a pattern as far as possible from the first defined pattern. Place the found pat-
tern on the center of the screen then click Next to validate. The pattern should immediately
detected and after the validation, the software will calculate the orientation position (6

shift).
Once validated the following screen displays the calculated dies layout.
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Back

Cancel
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Ly,

lllrririatirs
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1 | ||Click Next if this is OK.

| Current profile : _ [

Click on the Next button to validate. The same screen with different comments will be dis-
played. Answer to the questions as shown on the figures below. After each answer, click on

the Next button.
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* Yes

Use pattern recognition at measurement point site? =N\
= No )

| Ehoose one and click Next

T ] 0|

Run autofocus before last pattern recognition? D ‘

* Yes
" No

| Ehoose one and click Next

12.5 Adjustments: measurement points setup

Next step allows the user to select a new pattern anywhere inside the origin die which has been
defined from the previous steps. This new pattern will become the reference position compare
to the measurement points which will be selected on the next screen.

The new pattern must be defined on the same «Software die» as the pattern origin (see
Figure 12-6, “Die size and sample layout calculation”, page 149). In our example (see
figure 12-8), we have defined the new reference pattern over the «origin» pattern.

[N

B B Bt B B B |0 (B

New reference
pattern ~

Da
(red color) B Matera
P Models

¢

54.715
23163 Back
0181

NG

Cancel

P> Multimc
P Grids
P> Recipe
P Report
=B Results
=P Reporis
+- > Applicatio

¥ Live video

Focus

Lo,
Hlurnination

Details

Adjust Image

X Sel Pos

i ol
Origin pattern
(green color)

Corners of die origin: right up 55071 23579
left bottom 54574 23.084 right bottom 55074 23.087

« | ‘lMove stage to pattern recogniticn area. Then choose the pattern and click Next

| current profile |

Figure 12-8 reference pattern for measurement points
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Once defined, click on the Next button. The following screen will be displayed. This
important screen allows the user to define the measurement points. Click as many measure-
ment points as necessary inside the current «Software die» area.
SER | ELE LR BT O X (DR
Acquis | [EIREERTe HEE
defined =¥ UserLibra ® e New
measurement D — [T =
points  ~—| ¥ Materic - Caronl
; et ¥ Live video e
B> Grids
P Recipe Loy
P Report llumination
=P Results Details
=P Reports ——
=B+ Applicatio w
k Sel Pos Delste paint
Zoom In
Zoom Out
Point propeties
t
Corners of die origin: right up 56071 23579
left bottom 54.574 23.084 right bottom 55.074 23.087
£
K _+| |Select measurement points over the camera image Zoom 100%
| current profiie ]
Figure 12-9 Measurement points
|
Al__l__,
e
| : . . : | :
Calculated dies Grid which will be Psed by DeltaPsi2
Measurement | \
Points | |

Origin
| pattern. __ __

New
reference

pattern \

Origin

point

Figure 12-10 Measurement points layout
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Once the measurements points has been selected, click on the Next button. The following
screen is displayed. Using the die selection panel, select the dies (and related measurement
points) to include in the measurement process. Click on the Next button to validate.

m’%%\“}?‘ ﬁmﬁq.ﬁod.gd.tc %m. Eﬁ@‘,g’l‘/|l¥_z ’_—ﬁj| uo
Acq - PR Routine HEE R o

: [ 54713 Hext
Y| 222 Back
P Materia Z [ o =
B Models nee
Multimc
> ¥ Live viden —
Lo
I[lmination
: gesul:ts Dretails
eports e
. . B Applicatio | Adistimage |
Die selection K el Fos
panel —
524 | 523 | 522 | 821 | 520 | m1ss

445 | 446 | 447 | 443 [ 443 | 450

282 | 281 | 280 [ 273 | 278 | 277

203 | 204 | 205 [ 208 | 207 | 208

40 | 33 (g1 & 3 4

4301 | 4802 | 4803 | 4804 | 43805 | 480¢

4880 | 4879 | 4878 | 4877 | 4876 [ 487!

Corners of die origin: right up 55.071 23579
left bottom 54.574 23.084 right bottom 55.074 23.087

Itjﬂ
[ Current orofile : PlasticLoaic [ : .|

The following next screen is then displayed. The selected dies become dark-greyed. Click
on the Save button to validate the PR Station Setup. The sample can be now removed if the

measurements Recipe can be run later.

4 | | ||Select dies and then Next. Use 'Shift+Die click’ to view die image.

nERDELLLLEL R E 0K 500
. Acquis T PR Routine = X
Click Save = . i =
. — ~ o0 ave
to validate B — R " B
the Grid B Materia MO Cancel
P Models PR
B Multimc W Live video =
P Grids | Few |
= Recipe Loy
P> Report Illumination
® Results |
=P Reports 3 _ Detis |
& I Applicatio ", M
k Sel Pos
Al . B
- |
: B [
[l i} » i LI
Manual Unload _ Pd’
-|| @t
L] T s
Al Hore
ital
4 | | ||Un|oad substrate and click Next _ﬂl
[ Current profile : _ [ i

The resulted Grid is then displayed. Click on the Save As button to store the file with a well
identified name. Later, this file name will be retrieved to a Recipe.
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#7= | [ar= SR i
[P 2| || B B e e B B | PR () O =
@ Grid - WithYacuum.grd
v Subst Grid definition htanual I~ Show dies coordinates
- . Setup ﬁusmg P.R. @ grid definition [~ Show points order
Edge =13.000 mm |Thickness = 0.100 mm Height = 55.00 mm. Width = 87.00 mm
---’ Models
B> Multimc
- B Grids
P Recipe YT
& Report
& P> Results
= Repors
= Applicatio
Click on the
Save As
button
Mapping has 12 points
a1 |0 Savel ] save As |D %= 7.035 mm, ¥ = 34941 mm
[ Current profile : !

12.6 Execution: Recipe Creation

The Grid for mapping has been previously created. The Mapping Recipe must be then cre-
ated to perform measurements on a patterns sample.

\% e

ﬁ‘at. ?::q. ﬁod. g‘d. ?;c. ?I':;m. Eﬁ Ey‘ l_g”(:‘ /‘ ! ‘ %
&P+ User Library
P Results Create new recipe .

> Reports
= Application Library

& User Library:  Application Library

Immediate RECipE’Z

Mapping Recipe

X Cancel |

From the TreeView menu, select the Grid file previously saved and drag and drop it in the
Grid field (see figure below).

Create as many groups as necessary. Each group can included selected points and can be
applied to a specific Acquisition Routine with a specific Model.

Do not check in the last two columns as the system includes a Pattern Recognition and the
AutoFocus.

Further information is described in the chapter “Mapping Recipe using a defined com-
plex grid” on page 267.
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-
| %\|g|[;ﬁw|i\/\mmqmdsrd s T}EH‘\E"|/‘| E|Qo‘
Models @ Mapping Recipe - With¥acuum.rcm
=¥ User Library = General Parameters |
P> Acquisition Routine i = P, . —
P> Data Manipulation Definition | Mapping Steps | Sample Judgement Cmenal Execution Criteria |
P> Substrates - = =
P Materials [ Grid : Select all dies | Unselect all dies | I~ Show dies coordinates
:hsn:r::::s -‘Withﬂcuum,grd
DM ltimod
o # Paints (mm) : Alll Select | Unselecll il
B ' %‘g; i Paint n* 1 of selected dies
nts.gr "
wuvﬂtum rd ~ Point n” 2 of selected dies
=B Recipes p + Point n* 3 of selected dies
P Report Templates 1
P Results
P Reports t
B> Application Library |
Groups 1
1

creation

x|

Create group | Modify group | Delete group ‘ X=0339mm. Y =13.710 mm
Group| Points Acq. Routine Model JDeamwate PRl Deactivate AF |

\ 1 4 acquisition RF 230 BBW up4d-gold.mdl |:|

N acquisition RF 230 88 [} up4-.mdI fi I:_
i
b 3 |1
4 _,'_I Save | Save As .. | ' Run | Output Description |

Current profie : ]

Once performed, click on the Save As button to store the entire Mapping Recipe in the
Recipe folder.

Load the Sample on the Stage and click on the Run button to launch the measurements.
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13 Modeling

The Modeling feature is the most powerful parts of the DeltaPsi2 Software. The user can
build a model then simulate and fit the spectroscopic characteristics of this sample. Simu-
lation is useful if no sample is available and the user wants to verify spectroscopic/optical
characteristics.

13.1 References and other materials

DeltaPsi2 Software is delivered with many reference and materials files located in the
Application Library of the TreeView folder. The reference files have been built from the
Palik reference book or developed by our scientists. The materials files have been devel-
oped by our scientists. They are used to built models in DeltaPsi2.

These reference and materials files can not be deleted or modified in the Application
Library. Whatever you create in the DeltaPsi2 Software, the results will be saved in the
User Library.

From the Software Options screen (see “Software Options” on page 14) , it becomes pos-
sible to see where the reference and material files are located.

=
User files - || Application Library file folders
. User Library
location CADelaPsiz\Agplication Libiary\Acquisiion Fioulines
Application Library D ata Manipulation C:ADeltaPsiz\Application Librarg\Data M anipulation',
Substrates C:ADeltaPsi2iApplication LibranhSubstrates
Reference ) M aterials C:ADeltaPsi2iApplication Librarg\M aterialst,
f-l File name formats Samples CADeltaPsi2vbpplication LibranS amples'
es Models C:ADeltaPsi2tApplication LibrargtModelsh
5 Multimodels C:ADeltaPsizipplication Library\Mulimodels®
File explorer . ; bt - 5
Modeling Scenarios C:ADeltaPsi2iApplication Librarp\Modeling 5 cenarict
Grids C:hDeltaPsi2vapplication Librarg\Gridsh
Tool bar : 3 SRS -
Recipes C:ADeltaPsi2iApplication Librarp\Recipes
Feport Templates C:ADeltaPsi2\Application Librarp\Repart Templates'

Progress SCreens

Calculated
observables

Acquisition
parameters

Observables
precision

Modeling output

hd|

13.2 Material Building

13.2.1 Launching the build material

Build a material or adapt a material during the Modeling session is an important
part to reach good results. The Build Material feature groups four working
screens which allow the user to change some material specifications, the related
Dispersion formula (group of formulas) which will be used during the Modeling
process. In this chapter we will detail the capabilities range for these materials.
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Double-click on the «Mat.» icon from Button Bar
Mat. Acq. Mod. Srd. Rec. Tem.
Then select the working material feature from the Selection screen:
Create new material .. x|
o ¢ Application Library
Alloy ’
Dispersion
User Defined Formula
EBoint-by-Foint Calculated
X Cancel |
OR Right-click «Materials» from TreeView
v Materials| =
=SR] '-“C"i Mew Dispersion
{5l 1778 New Point by Point caleulated
- Al_i  MNew User Defined Formula
B e
= = Copy. (EhrlHE
Csi REe Gyl
' Ge Delete Del
' Ge Remane ChrltR
' In_G Open (Gt
' SiN Open a5 Text (Zhl =T
TiO  Todls v
[ voit  Find ... Ctrl+F
| > Models
& Copy file from ...
: G"d.s Gopy fileta ..
| Recipes Export ... (Etrl+E
(B> Report TH 0 cadeage .. cir+1
Results g package .., cirl+8
B> Acquisitic  |pdate models ... Cirl+u
[ Model Re Check files integrity ...
[ Recipe B purge resuits fles ...
Repors Delete files ...
F Licati Lhran: II

13.2.2 Build an alloy

This feature allows the user to build an alloy using a structure preset. Select a
structure and set the variable concentration.
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Build an alloy i
¢ Application Library
Select the alloy structure i Al
Select the variable concentration _

User Defined Formula

Set the concentration

increment Point-by-Point Calculated

X Cancel |

A% @e1| S| e @[d B = 2| mi-
Lefl.ln j X.IPhotunEnergy j Highl.lk j

FE |

@ Alloy file - Moname1. aly

Al

Default X :
Mote : thiz value iz used for displaionly. 1t iz not the
actual value used in a model.
Concentration Increment :
4.0001-- | S
Angle of incidence : I 70.000 ° '
Spectrum type B
Spectroscopic measuy/ement
Comments
D.E.Aspnes, S .MKelso, RA Logan, =
R.Bhat LR 2000,
J. Appl. Phyg! 60(2). (1986). p.754-767
For information only
1
Unit b
ey - 1.000
First Point Last Point Increment soo0do ! | , : :
| 0650 6.000 0.025 . i : ; :
Save the created alloy 5 ; 5 5 5
- - - - - 0.000
3 [
Photon Energy (gV)

Save Save As ... | Noname1.ahy 1 n=3.007 Photon Energy = 0.675 eV k= 0.000

|

13.2.3 Set a Dispersion Formula

Using this feature, a standard Dispersion Formula can be adapted for a specific
spectral range or defined from a defined data points. Moreover, each of the for-
mula parameter can be individually set. The figure below shows the an example
of such a screen.
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Open the dispersion formula screen X

¢ Application Library

Select the dispersion formula to set
Alloy

Enter the angle (just for info)

Dispersion

Change the spectral range

User Defined Formula

Point-by-Point Calculated

X Cancel |

$EIET ST (T

Enter the
comments

@ Dispersion fornula - Noname3.dsp
Al%] @l m| Sleaes| @[é B o 2| m-|
2 Left: In j i IPhoton Energy j Fiight : I k j
1.840 4
1.820
1.760 4
1.740 4
Co - 1.7204
L ;I N 1700 4F---
5 _’ILI 1.680F--
= = \ 1.660 §
Walue Hin Max | 1 Tl
E, 1.0000000 | 0.0000000 |  0.0000000 Mapnrs
A, 02000000 | 00000000 0.0000000 R
B 13000000 | 0.0000000 | 0.0000000 1 zz
A, 74000000 [ 0.0000000 [ 0.0000000 ~ ' ' i :
&h 15000000 | 00000000 | D.0000000 > Parameters which can be changed
A, X 11000000 [ ooooo000 [ ooooooo FE ] E : : P B
E, 12000000 [ 0.0000000 [ 0.0000000 ]
iz 13000000 [ 0.0000000 [ 0.0000000 o
B, 21000000 [ 0.0000000  0.0000000 gt ]
g 22000000 [ 0.0000000 [ 0.0000000 G
Save the created alloy 1.0
1.380 4
1
Photon Energy (eV)
Save | Save As ... | Noname3.dsp 1 n=1843 Fhoton Energy = 1 £/ k=0349

13.2.4 User defined formula

This feature offers an additional step to set the Dispersion Formula. It becomes
possible to build a formula from many standard formula or by adding a formula
block or even from an existing Dispersion Formula located in the .DSP files. The
chained formula are not limited by the size.
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Create new material

" Application Library

x|

Open the User defined Formula screen

Alloy

Dispersion

User Defined Formula

Choose the type of dispersion to add

SIEET

Point-by-Point Calculated

X Cancel |

@ User cefined formula - Honamed. udf

& range and comments Formula |

A% @Je ]| Sien | e o k| m|

Left: In

j ><:|Photor|Energ\,r j Fiight:lk j

K1 EE e

Build standard formuls ... Add new formui block ... | &
Build frarm dispersion fils ...

Fixed parameters : W alue | Minirru M awimurn |

go 1RO00000 | 000000 0.0000000
B [ 10000000
A, [ oo
r, [ swom

Select the formula block to add...

Select the formula block : Formula block detail :

E pzilan

|»

Sqrt(Eps) Amorphous

1x I3 hi Sellmeier Transparent i Eop el [
' bastnt Sellmeier Absorbent = a0

11000000 M| |Kinf E
Cauchy Transparent 0

B 1.2000000 B | | Cauchy sbsorbent
Conrady

1.3000000 S ehott

Transition EOD EI:;ﬂDI:dEeSD

Transition E10

Excition E10

CHOEZ

Mew Amorphous

Tauc Lorentz

Forouhi

[ ranzition & (1

Transition E1

Ecition ‘W annier

CHO EZa

Ecition EO

Mew Forouhi

Haltman

Tanguy

Tanguy Extended —

Afromovitz

Laorentz Oscillators - General

| arant=z Deomillabars - Ganaral A smnrl

A, 1.4000000 N B \/7‘ _ \/T
. Ozcillatar Stat e= x‘lD ) 2 1+ X 1 X
Function blocks : Diruds model =— &
Oseillator E 0 b

Parameters can be adjusted from all of the blocks

Click on this button to duplicate the dispersion block

displayed the current status.

Save the created formula dispersion

13.2.5 Point by Point Calculated (n, k)

Check-in/check-out to remove the dispersion block. The dispersion curve is real tim

The PPC (Point by Point Calculated) feature must be used to create a material
from «scratch» or using minimal properties for n and k parameters. Advanced use
and full features can only be reached when the Model structure has been created
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and the session oriented to nk fit. This chapter describes the various ways to use
the PPC screen.

Create new material x|

 Application Library

Alloy

Open the Point-by-Point Calculated screen

Dispersion

User Defined Formula

Choose the nk sources to setup

9110116119

Point-by-Point Calculated

X Cancel |

@ Point by point calculated - Honamel_ppc

[Wefault n&k guess value source : Al %l | e\l 1:1| @l ||@|$ EIEI ﬁl -|'|

() :
& |Fixed index guess value : } n: I 3.000 | Left: I" j X IP“""’" Energy j thht:lk j
" |Previous guess value : k: I 0.000 | |
" |Material 1 :

| Drag-and-drop a material file here E
~ |Material 2 :

| Drag-and-drop a material file here E
" |Material 3 : '

P

| Drag-and-drop a material file here M

6 Table values : Clear table |

Energy n k

! n3.000 {— : : : : 0.000k |

Save the created formula dispersion

How to use this screen ?

It is important to understand how to control the screen. In fact some functionalities can be
used directly from this screen, some others from the Modeling screen.

The following materials can be created directly from this screen:

¢ Fixed index nk: enter the fixed nk values then click on the Save As button to store the
new material.
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* Duplication of an existing Material: drag and drop a Material from the TreeView to
the appropriate field, select this field then save it using a new name.

«nk fit» from the Modeling screen

From the Modeling screen, the PPC screen is an intermediate interface which allows the
user to setup, save and automatically update the material located on a layer, during the «nk
fity process.

.I Build a model

For a general build of a Model, please refer to “Model Building” on page 166.

Build a model and insert a .ppc material on a layer. This material will be used for fitting.

’_H_Eé? g‘%|m¢ Acq Mod Grd Rec Tam ra’Eg|L—'(%|

Materials Bl & Model - Bare_Si_NKF.mdi

Hlee
KIS 19K B3
E--' User Library o] | Fesuts | él |m Save results mel Update | Show rapmll

> Acquisitin_n Rnu_lines Al% a1 & | @Ig EIEIEI m

P Data Manipulation

- Substrates Left I I I e | |

W Materials 4

&[] tutorial
firy Const N=3 K=0.ppc —————-_|
i ITO ppc

[ ITO-am dsp

-f= ITO-da.dsp

--ffry Material NK fit.ppc

-.firy Material NK fit2. ppc
firy Si100_jel.ppc
Si100_jel ref

= W Models
-] tutorial \
--fy Bare_Si_NKF.mdl | \

- fa ITO-ppc.mdl

P Grids Trickness unit: [ ~]| @ Clear msuits before ft | 7 Cloan graph%s\mu\atinn | I Show allfting steps
I Recipes

& B> Report Templates a01:["[ 75.000° ¥ Evp File: [[Nist1 474 HAM spe \ |

=¥ Results

= Acquisition Data

-B» Model Results
P Recipe Results

=¥ Reports 2
P Model Reports

- P> Recipe Reports

Il
2}

m
o

=-W Application Library - -
=B Acquisition Routines HD 155.0 Sio2_wor.ref
-p» Data Manipulation TR BT -
P> Substrates = @Em 3‘»‘» P Fi?

= P Materials L [ Fitting choice —— 1~ Fitting procedure Modeling description Output description —— . .

- B Models IDefau\l j ISingIe Step j IDelauIt j—‘ IDelau\t j Simulation Save
- Grids
. Recipes H Add |1ﬁf| Edit | Add |ﬁf| Edit | Add |11j}| Edit | Add |1ﬁ}| Edit | Fit St

—=

2 Fitting process

Click on the Fit button. The fitting process will use the n and k values defined, by default,
in the file. In the example above, the file «Const N=3 K=0.ppc» has a constant value for n
and k, but the fitting process uses these constant values as a guess value for fit research.

Result of the fit is immediately displayed.

Updating n&Kk values
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Once the fitting process has been proceeded, the found n&k values can be updated and
visualized using the following steps:

e Click on the Update button 4 , the following screen will be displayed:

| Update model files |

v - pdate Madel
Diestination model file name
|<User Librans\bodelz> Bare_Si MKF.mdl Change |

Fitted PPC AN

Update | File name
|7|<User Librarybd aterials> Const M=3 K.=0.ppc Change

X Cancel |

¢ Click on the Change button S and enter a new filename, then save it. The main

screen is then displayed, and the new material name is directly updated on the layer.

soi:~ 75000 ¥ Eip Fle- ||Nisﬂ 475_HAM spe m

Select the PPC Fit Parameter screen
to see the material status for fitting

D 155.0 l Sio2_wor.ref x| %

Wlﬂ Material NK fitppc i
Fitting choice Fitting procedurs M ndeling description Output description :
’]Delault j ’]Sing\e Step j ’iDafaull j—HiDefau\t j Simulation Save
e e N e e P e e e g e e e =

i IMPORTANT: at this step, it is important to understand the following

¢ Clicking on the small square | NEMaterial NK fit.ppc | will activate or not the fit on
this material, but will also display the fitting choice PPC Fit Parameters screen. This
screen shows the current status for this material; it becomes easy to change completely
the n&k values.
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e Clicking on the name of the Material | NmMmerﬂaﬁK fitppc

Modeling

| will only display the

original status of the material. Do not use this screen (Point-by-Point calculated) to
change the n&Kk values, they will not be functional if a fit is launched.

* Once the n&k setup has been performed, a new fit can be launched.

Choices are «1» or «3»:
«3»: each n&Kk point is averaged with the previous
and the next datapoint. The result is used during

fitting.
«I»: each n&k point is used as it during the fitting.

k adjusted means that each k

Ik not adjusted Ll

will be used during the fitting.

k not adjusted means that each
k value will not be used for the fitting

k not adjusted
k constant

PPC Fit Parameter =

PPC file name :

but retrieved as it from the selected
source.

k constant means that only one value
will be used over the entire wavelength.
In our example, whatever the selected
source, used k will be 0.

Select the n&K source

V
/

If the table values has been selected,
each n&Kk value can be changed

k adjusted nkfit frame size: (1

Current n&k guess value source :

T
" |Fixed index guess value : } n: 3.000
Previous guess value : k: I 0.000

points

Material 1 : |N|:| material defined in the PPC file

Material 2 : | No material defined in the PPC file

~
~
~
" |Material 3 : | No material defined in the PPC file
&

-0.000010

3.739678

3.765747 -0.000010

3.785345 -0.000010

3.807232 -0.000010

3.826684 -0.000010

G i =]
Ok I Cancel |

Figure 13-1

PPC Fit Parameters screen
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13.3 Model Building
This chapter will explain how to build a model and how to adjust parameters.
13.3.1 Launching the building screen
Double-click on the «kMod» icon from Button Bar
% W ¥ B ¥ B
Mat. Acq. Mod. Srd. Rec. Tem.
Then select the «Spectroscopic Model» type from the Selection screen:
]
¢ Application Library
Spectroscopic Model
@ Serial imodel
Bound Multimodel
sce Modeling Scenario
X Cancel |
Right-click «Models» from TreeView
: Mew Model - I
Mews Folder
Oy, Chrl+C
Paste el
[elete el
Remanme Ly (e e
Gpen Ghr| G
Dpen as Text CEElT |
Tools L
Find ... Chl+F
Copy File From ... I’
U [0 r
Expart ... Chrl+E ™1
Import package ... Chrl+1
Build package ... Chrl+E
Update models ... Chrl+L
Check Files integrity ...
Purge results files ...
11
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The following general blank screen is displayed:

- L el ] - ) L Lt
ERT G L bbb ], R B o
| User Library 2l ‘@ Model - Nonamez.mdl HE R
='W User Library Rresits | & | [ 5averesis e || e | o epen|

P Acquisition Routines Al% e, 11| |2 @@EIEIL\_,;I M

&P Data Manipulation
> Subs,,ﬂm: Lett: [ = o= x| might: | =l
-~ Materials
-~ Samples
B Models
- IF Mulimodels
P> Modeling Scenarios
P Grids
P Recipes
P> Report Templates 2 3
= ¥ Results
- Acquisition Data
B Model Results
B Mulimodel Results
-~ Modeling Scenario Results
- Recipe Results
=-¥ Reports
P> Model Reports
P> Multimodel Reports ‘
P> Modeling Scenario Reports

P> Recipe Reports Thickness it [ ]| Ciarresuits befere ft | = Dlear gragh before simulation | = Show al fting steps
=¥ Application Library s0i:7[ 70000° YEo Fie: || |
=P A R

-+ Data Manipulation
[ Substrates

- Materials

-+ Samples

- B> Models

B Mulimodels 1
P> Modeling Scenarios
P Grids

P Recipes

P> Report Templates

[ Fitting choice

 Fiting procedure —— - Modeling description | Dutput descripion——
[Deta =] ||[single Step =]||[oefaui || [oetau = ||| Sk ok
a7 [ 3l Add |@| Edit | Add |@| Edit | Add |ﬁ’r| Edit | Add |ﬁ’r| Edit | Fit Save s

MonameZ.mdl

Current profile : Default [

1 Sample Structure area
2 Results Graphics display area

3 Fitting Results area
Figure 13-2 Modeling screen layout

13.3.2 Screen Layout Setup

The three area shown above can be setup to match your needs. Just move the
mouse cursor over the window frame This management is summarized in the fig-
ure below:

¥

results before fit | [~ Clear grap re gimulation | v Shaow all fitting step:
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* Extended features
Right-click on Model windows limit to activate additional features
v
right click

—— right click
results before fit | [ Clearg re il ation ||F Shiow all fiting step:

Save layout < Save modified layout

Restore layout g Restore previous layout

Restore factory default layout
et Displays graphics area to full screen
i i u

Full graphic - piays grap

Full text - Displays text area to full screen

Full model -¢ Displays Model area to full screen

Graphic and model <ag Displays Graphics and Model areas to full screen

Text and model g Displays Text and Model areas to full screen

Graphic and text ] Displays Graphics and text areas to full screen

13.3.3 Tools to build a model

Read carefully this tutorial. It contains all the commands and shortcuts which will
help you to create a model.

Before any explanations, move the windows frame to adapt the layout. The Sam-
ple Structure area is totally open.

Default blank model area

By default, a non defined substrate is displayed and a Sample and a Model default file-
names are created.
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How to add a layer ?

1. Right-click on the blank area 2. Select «<Add» 3. Select the layer type

/ /
e e

Gradient layver

Anisokropic Uniaxial laver
Anisokropic Biaxial laver

Grad. Anisotropic Uniaxial layver
arad, Anisotropic Biaxial layer

Faste matetial fram clipboard
Baste laver Fronm clipboard

Result:

WO 10000 =

% To remove a layer, click on the little cross located on the right of the layer

How to add a material to a layer ?

e} Co_si2_isa ref

_{# Cr_pal.ref Select the material from TreeView,
i) C-si_asp.ref then click and drag it on the layer
-{e) C-si_isa.ref

Csi_uv_ref
Csi_wor.ref
-{feh C-sihdop_asp.ref
Cu_pal.ref -D 1000.0

--ffeh Cu2o_pal.ref
Cugainse_isa.ref

Cuo_pal.ref Fitting choice Fitting procedure e
- e Fe203.ref IDefauIt j ISinEﬂE Step ﬂ IE

-l Fe3_o4_isa.ref | L|;I Add |_| Edit___| Add |_| E-:Iit...l _ﬂ«

This action can be repeated as many times as necessary with a limit of three materials per
layer.
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Manipulation on a layer

1 Right-click to du-
plicate, delete or
change the layer
properties

2 Click on the

thickness field to
display the Fit-
ting Choice
Properties Screen

3 Click on the tog-

gle button to
activate this lay-
er to the fitting
process

NOTICE: the
same parameter
is located on the
top of the Fitting
Choice Proper-
ties Screen

Thickness unit I.& '” v Clear resulty
A0l 70.000 * ¥ Exp. File

Fitting Choice Properties for layer #1

Thickness | Special Routine I Che
" Fit

" Nominal value :

Modeling

Multiguess relative :

r
" Multistart absolute :
~

Multistart relative :

cks |

1000.0 A
Start : 1000.0 A
End : 2000.0 A
Increment : 1000 A

 Correlated to :
Ratio factor :
& Fixed :
 Variable :

Layer number :

-

1o
Start : IW
End : IW
Increment : IW

- ‘_;itt\ng parameters

Delete Layer 1

[ o ]

Cancel |

Fitting choice Fitting iption Cutput description
lm Single Faste |ayer fram clipboard j lm
add | | Eah. || axy  CreateRepeltin Ear. ||| e | | £

Copy layer ko clipboard

radien

Anisotropic Uniaxial layer
Anisotropic Biaxial layer

Grad. Anisobropic Uniaxial Layer

Grad. Anisotropic Biaxial Lay

= Simulation Save
l5i | Fit Save ds

ar

Advanced Manipulations on Layer

The figure below shows an example of a complex materials structure.

E[E7:

T .<d:hu t3 isa.ref

e

BZ

4

B

AN

B

\

[ cd_hg_tz_isaret

50.00 % X|! Cd_hg_t3_isa ref

5000 % X %

[ [FIMaterial NK fit3.ppc.

d |

Figure 13-3 Advanced
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To copy a layer on the top or between two created layers, click on the layer
number, then drag above the other layer numbers and release the mouse. The
new layer will be automatically inserted.

Layer information:

When a layer is created, a specific information is displayed on the layer dia-
gram. The figure below explain how to create and setup a layer. To create a
layer, two steps could be necessary:

1. Right-click on the area outside a layer: choose one of the six layer structures,

2. Right-click on the area before the layer: the basic layer structure can be
changed or a more complex structure can be chosen: exponential gradient or P,
S polarization. N polarization is default.

Each of the choices modifies the two information areas located near to the layer.

Right-click basic layer structure

Information

area (layer) —

Simple layer

Gradient layer
Anisotropic Uniaxial layer
Anisotropic Biaxial layer
Grad. Anisotropic Uniaxial layer
Grad. Anisotropic Biaxial layer

Faste material From clipbaar
e |aver: from clipboard

Right-click

Fitting parameters

Delete Layer 3

Copy layer to dipboard
Easte |ayer fram dipbaard

. Create Repetition ~_
/' Simple Layer
. ~F Gradient Layer
In formatl on = Anisotropic Uniaxial layer
area (group of slots) |8 s / oo

Grad. Anisotropic Biaxial Layer

ng choice

jauilt j

| [ = | :
«change to» or complex layer structure

Single Step Polarization it

| ] {5

i
’] Fitting procede P Polarization b descri
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The information areas are listed below:
(T2 _‘_
™| | Biaxial (Euler angles)
™ | TZ = Top Z axis
A B2 _‘/ BX = Bottom X axis
Linearly gradient BX
anisotropic @Y)’* TE = Top Extr.aordinar.y axis
e\ | Uniaxial TO = Top Ordinary axis .
o BE = Bottom Extraordinary axis
Linear gradient ] 10000 ;E )’ BO = Bottom Ordinary axis
anisotropic (o) | o
(N polarization) / Biaxial (Euler angles)
O woes] (x|
Anisotropic —p{ ') Uniaxial
Anisotropic
(N polarization) = - Fiiyg paramcters
Delete Layer 3
Linear gradient ———— x{ght: R\
Slmple layer D 1000.0 4' Create Repetition éSide =
s
Grad. Anisotropic Uniaxial Layer
2 Grad.Anisotropic Biaxial Layer
g T
Exponential gradient D = B
% Each time a specific parameter is chosen, the Fitting parameter menu adds
the new variables related to this new parameter.
3 Toggle button which activates (F letter) the Fitting process on the selected
layer.
4 To copy or move a material from a layer to another, proceeds as follow:

To copy: Click on the square of the material (see figure 13-3, page 170) and

drag to the layer.

To move: Press the Ctrl key and click on the square of the material, then drag to

the layer.
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5 Layer(s) repetition

Modeling

Some structures require one or several layers repetition. Using DeltaPsi2 this
function can be applied fast and easy.

Right-click on the layer number and select Create repetition. The default dou-
ble repetition is immediately created. Then, using the mouse click and drag, it
becomes easy to extend the repeated layer to other layers. To set the number of
repetition, double click on the already selected number (default is 2) and enter
the new number.

Double-click on this
repetition number

to change it

13.4 Simulation

Click and drag

A

ST @lE e
1LilE

WE w0 fOA
E 2000 WA

~ s00.0)  [N[Fla
1200.0 iljmz

!Gﬂ

!

v

Click and drag

Simulation is useful to verify spectroscopic/optical characteristics of a built structure. The

user can verify if a layer thickness has an effect.

e Before performing a Simulation, parameters for variations must be set. Click on the
Edit.. button located in the Modeling description screen section (see figure below).

. C-si_isa.ref

ncedure

todeling descriptio

lu]

Ep j
| [E ]

I MHewlata_1

=)

acd | i | Ed.:

Ot

A

Click here to open
Simulation Setup
Screen
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Step 1: Modeling conditions screen

The Modeling Conditions tab is useful to set the spectral range used by the fitting/simu-
lation process.

* Spectral Range 1

By default, the used Spectral Range will be those defined in the experimental file; it will
also use the same acquisition points.

Experimental file limited spectral range

Select the spectral range unit, then enter the new limits of the experimental file. The
original acquisition data will be conserved.

User defined spectral range

Select the new spectral range limits and set the increment. That means the original
acquisition data will be replaced by new calculated data (by interpolation).

Display specific observables after fit or simulation 2

Specific observables can be displayed on the curve after a fit or a simulation. Check-in
the feature then select the observables to display.

e Measurement Mode 3

The Measurement Mode choices are directly related to the acquired parameters and then
the used Ellipsometers. Take care to always select the right mode according to your
Ellipsometer:

Ellipsometric = for UVISEL

Polarimetric = for MM-16, AUt SE

Merge = in case of Merge acquisition

Ellipsometry configuration

The Modulator and Analyzer angles can be retrieved from the Experimental configura-
tion file (default) or set manually. Check-in the desired choice.

e Spectral Data 4

Each Data Acquisition file can contain several Multispectra files. In fact, the file struc-
ture in DP2 includes the Multispectra capabilities. These Multispectra files could be
created or generated from a standard acquisition, a kinetic acquisition, a V.A.S.E. (Vari-
able Angle Spectroscopic Ellipsometry) acquisition or an acquisition scenario.

In this section, the Multispectra Index means the Index number located in the acquisi-
tion file if this file includes several Multispectra acquisitions. By default Index 1 is
selected. The Spectrum Index is the index of a spectrum inside a Multispectra acquisi-
tion. See detailed explanation “How to assign an index number” on page 212.

By definition, the Angle of incidence V.A.S.E. and Theta (®) V.A.S.E. are Multispectra
files: the choice is only the selection of the Multispectra V.A.S.E. acquisition index.
When on these V.A.S.E. Multispectra are selected, V.A.S.E. fitting will be proceed.
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Modeling description i3 x|

Modeling description name : |Default

Modeling conditions |Fitling params I Simulation params I Optical calculations params I

Spectral Range

* Experimental file full spectral range

" Experimental file limited spectral rar~=

Stat: | 460.0000 [om = 3 4
End : IW nm
" User defined spectral range :
Stat: | 200.0000 [om =]
End : lm nm
Increment : IW nm
4

Measur mode

IEIIipsometrir_‘ j

Ellipsometric Configuration

& Experimental file configuration

" User defined configuration :

Modulator angle : I 00 "
Analyser angle : I 450 °

Spectral data

Multispectra index : |—1
# Spectrum index : |—1
 Angle of incidence V.ASE.
" Theta angle V.A S E.

v Display specific observables after fit or simulation :

Bottom axis observable : IWavelength 'l

Left axis observable :

—

Right axis observable : IR VI

=

Save as default |

Cancel |

Figure 13-4 Modeling conditions setup
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Step 2: Simulation parameters screen

Enter a name which will Enter a name: this name and linked Select the Simulation
appear on the legend parameters will be saved in the modeling parameters tab
description list

Modeiing description

Activating this box will auto-
matically clear graphs before

. . Modeling conditions™~Eitting params ( Simulation params |)Optical calculations params I
a simulation \ u

Modeling

degcription name : IDeiauIt /

Name of simulation curves
[¥ Clear graph before simulation

Use variation for :
" None
¢ Angle of incidence (7 :

Starl:l 70.000 E

nd :
" Theta angle (7) :
nd :

Start : I 0.000 E

I 70.000 Increment:l 10,000
|1BI].I]I]I] Increment:l 10,000

Activate and set Select a layer : |2 - Simple layer j
the parameters for & Thickness : mm  Start:]0.00010000 End :[0.00100000 Increment - [(XRITT]
Simulation
. . . Select an alloy : |N =
Figure 13-5 Simulatio — -l

n parameters screen

‘ Ok I Cancel Save as defaultl

e Figure 13-5 shows the parameters which can be varied during a Simulation. The param-
eters displayed on this screen are related to the current model.

- Simulation curves name: enter a name related to the current simulation. This name
will be displayed on the graph as a legend if the «legend visible» parameter has been

checked from the Graph Setup screen ( icon, see “Graph Setup” on page 35).

- The variation can be performed on the Incidence Angle (Modulator/Sample/Ana-
lyzer), the Thickness or Volume Fraction of a selected layer. The options are added
according to the model layers.

- On the bottom of the screen, the Save as default button saves the parameters under
the Default description name. Clicking OK button validates the parameters screen
and saves them under the entered Modeling description name.
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Step 3: Optical Calculations Parameters

Select the Optical Calculations
parameters tab

=

y 4
Modeling description name : IDefauIt ‘

Modeling conditions I Fitting params Simulation params (Optical calculations paramsD

MName of simulation curves : I

¥ Clear graph before simulation

Use variation for :

" None __II
x

¢ Angle of incidence (7) : e b el

Modeling description name : |medium resolution

Star

¢ Theta angle (7) : Modeling conditions | Fitting params | Simulation params Optical calculations params |

Starl| Calculation package:

Optical calculations =
Select a layer : |2 - Simple|

Coherency length:
@ Thickness : mm Start 99 pm

Spectral resolution:

05/20/2016

AA (nm): 5.0
Segments number: 1

I” Partial coherency

Comment:
A data value calculated at each
wavelength is assumed to have

N Shape: # Rectangular a distribution of specified width (AA)
Select an alloy : kl 2
g None and shape, divided into several

" Gaussian segments for the numerical

integration_

xp [[,LZ] ] a=[ 20

A AOI value () - 0.0000
Segments number : 1

Ok I Cancel Save as delaultl

The parameters described in this screen are used to improve precision in the direction of
real curves profile using calculation.

As arule, the «Calculation package» should always be set to «Optical calculationsy.

* Coherency Length and Spectral Resolution
What is it?

Coherency Length: The coherence length, usually applied to light waves, gives the dis-
tance over which a wave can interfere with itself. For example, imagine a source of light
being split into two beams. The beams are then taken on different paths and later recom-
bined. If the difference between the path lengths is less than the coherence length then the
beams will interfere with each other and an interference pattern can be observed. If the dif-
ference is greater than the coherence length then no interference will be observed.

From this it can be seen that the concept of coherence length is extremely important in
holography as it is the process of splitting and recombining a beam to produce and interfer-
ence pattern that makes a hologram. This is why laser light is usually used in holography,
as lasers have extremely long coherence lengths, in the order of a few metres is possible.
Compare this with the few centimeters possible with a sodium lamp.

The coherence length depends on the purity of the light source. A laser emitting at a single
wavelength A, will have a very narrow spread in wavelengths, AA. Traditional light
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sources, such as sodium lamps, whilst only emitting "one" frequency will have a larger
spread in wavelength, AA, than the laser.
Formally, coherence length is defined as

L=2%/nA\
where A and A\ are defined as above and n is the refractive index of the medium in which
the wave is travelling.
Keep the 99um value shown on the figure above.

Spectral Resolution: The spectral resolution of an optic instrument is a measure of its
power to resolve features in the electromagnetic spectrum. It is usually defined by:

where A) is the smallest difference in wavelengths that can be distinguished, at a wave-
length of A.

The spectral resolution is an instrumental specification. To follow as closer as possible the
real situation, two parameters have been added:

- Setting AA: enter the Monochromator resolution for the working wavelengths
range. For UVISEL family keep the displayed Snm.

- Segments number: If equal to 1, the calculation around each data point will not be
activated. By entering several segments, each data point will be integrated over
TAMA/2, using the chosen segments value. Figure below shows how the calculation
is performed. The next paragraph will show real DP2 results.

A A

Data point

-

|
Y A IM | A

Segment value=2 Segment value=4

DeltaPsi2 practical examples: DP2 manages very simply the calculations through the
sample. In order to clarify the use of this feature, we can determine the following several
cases:

¢ Example 1: Effect of spectral resolution
A sample is composed of one SiO, layers of 4um on a silicon substrate. We have set a
wavelength range of 450-830 nm with a Inm increment. Generally, if a layer thickness is
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within 0-5um, the segment value of 10 is a good choice. You can try several values to reach
the best 2. Figure 1 shows the simulation result of such a Model.

ber of 10. Thus upper graphs
better reflect the reality.

Segments

Example: this figure shows number=10
two simulations: lower graphs _
have been processed without - -
integration (Segment num- N
ber=1), upper graphs with an §
integration and segments num- Segments

L number=1

v

600 610 620
Wavelength (nm}

1B Model - test.mdl

Riosults | e
Al%lzv| ale|u| S| e E ol 2| m-| § m
Left |s j ® I'.’Uavsength ﬂ Right |; _ﬂ

is 0 000 M EHA B

Ftooo'™

sm1 [ 1 [ -0 [ Wavelength = 618 nm I = 0.371

Thickness unit : | & * ‘ ¥ Clear results before fit ‘ [ Clear graph before simulation | [ Show all fiting steps

a0~ 70,000 ¥ Exp e ||

PN 400000 POsioxdsp
. c-Si_ly.clc

Figure 13-6 Spectral Resolution effect

Setting the Shape: We have previously seen that each data point will be integrated on a
TAM/2 on several segments. The integrated results can be then smoothed using specific
shapes: Rectangle means that the smoothed action will not be effective between the inte-
grated calculated points on 2AA/2. If Gaussian shape is chosen, a Gaussian smoothed pro-
file will be activated. The user have also the choice to use the displayed formula with the a
variable. If a is equal to 2, the shape is Gaussian. By lowering the a value, the smoothing
will be more effective.

¢ Example 2: Effect of Coherency length

In the case of thick layers, the interferences over the spectral range of the instrument are
too numerous and then too close to be resolved by the monochromator limited resolution.
Thus these layers must be treated differently in the calculations to be compatible with what
is measured by the instrument. Usually these kind of layers above 100 p (apart from poly-
mer sheets) are substrates (silicon, glass...) and are not thin films anymore with thickness
to be fitted. This is why coherency length value has been set to 99um. If a layer is found to
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be 80um, a good idea will be to change the coherency value to 70um and verify the

obtained result.

In this example, the Spectral Resolution parameters will be set as shown on the Example 1

with a Segments number equal to 1.

(@ Model - test2.mdl

(I Model - test2 mdl

Resuls | J [Rests | E‘ =
Az 20v| @0 1] Sleafes| Gl 18] ol k2| | | alzlzv] alafw| e @+ B w2 | b
Left: [is =] %:[waveenatn =] Right:[ic =l Lefti [1s = %:[waveiengtn ]| Right:[ic |
0070
=
L I 0060 0.002 == 0060
0.005%--- 0.050 0.002 i 0.050
P
0.004 F-J------f--- 0.040 bd0 0.040
o ol 0.030 0.030
; 0020 0.002 0.020
0002 g 0.002 0.010
0.001 0.000 0.000
Is 0.000 §-H{--i- 0010 1, 000 0.0101
-0.020
-0.001 i 0.001 0020
] -0.030 b

00024 -+-bengfhee - ] ~0.040 0.001 :

I ] - -0.040

0,003 A i -0.050 0.001 =2 Tk

F I
00044 sy 0.001 -0.060
|[F-0.070 e~ 3
0.005 0,080 0.000 o0
0006t ioi ; '} 0090 1000 P AL
460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 760 800 820 460 480 500 620 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820
Wavelength (nm) Wavelength (nm)

N | 1 [ w-oo2 | Wavelength = 450 nm [ k-noes Sm1 | 1 [ w00 | Wavelength = 450 nm [ =088
Thicknesswit:[om =] | W7 Cleat s before ft | [ Clear craph befors simuision | [~ Sho 1 fiting steps Thicknessurit:[un =] ¥ Clas s bfore it | T~ Cloar graph befors st | I~ Show ffiting steps
a0 70.000 ¢ v e e || a0:[~[ 70000 " ¥ B e ||

(9000000 Wsioxdsp IO 100.00000 Prsioxdsp
N B csidyclc B csidyce
|- Filting choice: - Fitting procedure I~ Modeling description — [~ Dulput descriplion | Fitting choice [~ Fitting procedure: [ Modsling description 1~ Output description |
[Defaut =] ||[Single Sten =] | [Detaut: =] | [oataut 2| | Skt faw [Defauit =||[single step ]| foetaut =l |[Detaut T S0
a0d || eae || as || Ea || add | @ | e || add | 5] ear | Fit Saveds P 2 O e e e e | Fit Save s

90pm SiOy layer

100pm SiOy layer

Figure 13-7 Example2: Effect of coherency length

* A AOI Settings

As for the wavelengths, the integration can be performed on each V.A.S.E. data point on
a A AOI using several Segments.

DeltaPsi 2 Software

180



05/20/2016

HORI BA Modeling

Scientific

Launching Simulation

¢ To launch the Simulation, validate the parameters screen then click on the Simulation
button. A fraction of second later, graphics area displays the resulted Simulation graphs.

Start Simulation

Output description —
Simulation | p——————————
IDefauIt vI : 7
] I il S
sad | 1 | Edi. | Fi e -
— t00004-- [-15,000
50004 --
0,000 1™ 10,000
-50004-- 5,000
. . ¢ n-10,000 4 foooo k|
Simulation results — g ; :
: : .= 000
i 20,000
-25,000] 10,000
-30,000 [-15,000
-35,000] E 20000
-40,000]
[ 25 000
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13.5 Fitting

General fitting choice properties

What is the fitting process?

The fitting process is a process which adjusts a theoretic sample (previously built model) to
an experimental data sample (real measure). The user can define the setup of the parame-
ters which must be taken into account by the process. The data fitting is performed using
the iterative fitting algorithm. It is designed to minimize the value of the y2-residue param-
eter by adjusting the sample fitting parameters. x2 Parameter is used to describe how close
the generated data matches the experimental ones.

When the Model structure is displayed, the user can access to various options that control
and perform the data fitting process. To start the fitting process the following items are
assumed to exist:

¢ A set of selected experimental data, which is to be fit;
¢ A model, which is used to generate data for comparison with the experimental data;

* A set of fit parameters, which will be varied by the fitting algorithm to minimize the dif-
ference between experimental and generated data.

% Clear Results before fit: checking this option, located in the main Model screen, will

erase the previous fitting result text. If not checked, each fitting result text will be added.

Check in to show all the
fitting steps on the final Model

Thickness unit 4 &
a0l / 70.000° ¥ Exp. File: || .C1 ll.spe / m

-y /
/

¥ Clear results before fit | [~ Clear graph before simulation | rL Show all fitting steps

' 500% X void.ref | 50,0 xj&)

r~ Fitting choic
Default

-

add | i | e |

Output description
I Default j Sirmulation Save
G | ﬂl B | Fit Save Ag

Save and Save As Model structure

Fitted parameters
Figure 13-8 Fitting Setup
13.5.1 General Fitting Choice properties Setup

The first parameters to set concern the General Fitting Choice Properties. Please follow the
following procedure:
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¢ Create a new name by clicking on the 4dd button located on Fitting choice section of
the Model screen.
¢ Open the General Fitting Choice properties screen by clicking from the following loca-
tions:
Create new General Choice properties parameters
I Fitting choice r,EﬂI/
| Default Sin
ﬂ Add ﬁ- Edit .5 A
S— Open General Fitting
= — ' choice properties screen
Thickness unit : Iﬁ\ v” ¥ Clear
a0 75.000 * #v Exp. File :
¢ The following is then displayed:
| Current name of the General
Fitting properties
1 ! Current parameters tab

Angle of incidence
) I~ Fit <aif—
¢ Nominal value :

I 75.000 ° Save as default"\

ultiguess relative :

ultistart absolute :

ultistart relative :

Start : 50.000 °
End : 80.000 *
Increment : 5.000 *°

Use experimental file AOI

Boundaries
Internal check : [
Output check : § |

=) wn =
\')')")7‘)

& Absolute :  Minimum : 65000 °
 Relative :  Maximum : I 75.000 °
/+|_ Automatic update
7
Ok I Cancel |

¢ Angle of Incidence (AOI) fitting setup:

Fit activation

Save the current
parameters as «default»
means these values

will be retrieved when a
new name will be created

ter.

1

Fit Check the box to activate the fitting process on the current parame-
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Nominal Value Enter or select the nominal value of the current AOI (Angle of Inci-
) dence) parameter.
Multiguess The Multiguess choices allow the user to perform a fitting process
3 with different initial/end values of AOI (angle of incidence). These
initial/end values (and related increment) will be used as a plain
algorithmic values to find the right AOI. The retained fitted parame-
ter is directly related to the better X2.

% Choose the guess range with care as the Fitting process will scan
all of the possibilities and it could drastically increase the process
time.

Multistart When a fit is launched with the Multistart option, the process will
4 adjust all of the checked-for-fit parameters for every defined and
fixed Multistart values. The retained value is directly related to the
better X2.
In other words, all of the checked-for-fit values will be fitted for a
fixed value of Multistart (this value will not be fitted).
The retained thickness is directly related to the better 2.
Use experimental | Use this option to retrieve the AOI from the experimental file.
file AOI
5
Boundaries Internal check: the internal check limits are directly imported to
the Marquart formula to perform the optimization,
6 Output check: the Output check will remove the results which

exceed the limits after the optimization.

Enter the limits if one of the check has been chosen
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Automatic
Update:

7

If checked before the fitting process, the values of the Model will be
updated. To prevent any loss of the entered values and if the sample
has not been previously saved, a screen will ask for a new sample
and model file name.

The same operation can be performed manually by clicking on the
Update button which is displayed above the results screen after a
fitting process. See below the location of the manual Update.

manual update

@l |m Save results file

] x“ minimization on Is,Ic
F—— Iz = Sipn(2P)x5in(A), Ic = Jin(2¥)xCos(A)

z Bl S e TS

* Grating properties setup

This feature is used to characterized grating samples. Thus, it becomes possible to deter-
mine grating shapes, profile models, microelectronics (process control), metrological
characterization of samples and overlay simulations.

The following figure shows the general diagram for characterization of gratings:

Figure 13-9 Grating characterization diagram

The Grating tab of the General Fitting Choice properties shows the parameters to enter
for a fitting process.
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x| Activate the parameters
Fitting choice name : IFC1 / - entered below
Angle of incidence Gfﬂlingsh/
I~ {Use gratings parameters: Tabs for each group of para-

C_eﬂ slope projection | Right slope projection | Azimuth meters; see description

Period Upper width on the diagram below
[ F't¢ . . .
' Fit activation for the con-
& MNominal value : I 433.000 nm cerned tab (Period in our

¢ Multiguess absolute : example)

" Multistart absolute :

Enter the Fourier order
of the grating

Fourier order I 0 ™

[~ Automatic update

Ok I Cancel |

Grating parameters:

Azimuth is the angle defined as «Angle
Phi» on the diagram figure 13-9

1 = Period
2 = Left slope projection <4>
3 = Right slope projec-
tion
4 = Upper width 2 3
B r Grating

13.5.2 Specific Fitting Choice properties Setup

Specific means that properties for fitting can be setup for a specific component
which can be adapted. This component can be a layer or a slot of a layer (if a
layer is a material gradient or with an anisotropic profile), the substrate layer, a
material of a layer.

Parameters Setting

Figure 13-8 shows a general Model structure which is ready to be fitted. From this screen,
all of the parameters can be easily setup. These parameters can be accessed with a click on
the elements of this screen.

The square boxes on the screen show the elements which can be fitted. The table below
lists all of the existing screens and how to display them.
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How to ...

Accessing from

Setup general fitting conditions (see

figure 13-8)

Click on the Edit.. button located on the
bottom part of the main screen (Fitting
choice section)

Fit on a layer thickness

Click on the layer value

Adjust fitting parameters for each layer
(excepting .ref files)

Right-click on the layer and select «fitting
parameters

Adjust dispersion fitting parameters (if avail-
able)

Right-click on the Material to open the
fitting parameters and/or Dispersion
parameters screen

The parameters are also opened if square
box is in the activation phase.

Modify dispersion parameters (if available)

Click on the material name

Fit on the material volume fraction

Click on the % sign
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13.6 General fitting conditions: Modeling Description

* Before performing a Fitting, general parameters for variations must be set. Click on the
Edit.. button located in the Modeling Description screen section (see figure below)

. C-si_isa.ref Click here to open
Modeling Setup
ncedure Madeling description Dt Screen

ED j INewData_'I j
i | e || add | | Eae AT as

The following steps should be completed:

Step 1: Modeling conditions screen

The Modeling Conditions tab is useful to set the spectral range used by the fitting pro-
cess.

* Spectral Range 1

By default, the used Spectral Range will be those defined in the experimental file; it will
also use the same acquisition points.

Experimental file limited spectral range

Select the spectral range unit, then enter the new limits of the experimental file. The
original acquisition data will be conserved.

User defined spectral range
Select the new spectral range limits and set the increment. That means the original
acquisition data will be replaced by new calculated data (by interpolation).

Display specific observables after fit or simulation 2

Specific observables can be displayed on the curve after a fit or a simulation. Check-in
the feature then select the observables to display.

e Measurement Mode 3

The Measurement Mode choices are directly related to the acquired parameters and then
the used Ellipsometers. Take care to always select the right mode according to your
Ellipsometer:

Ellipsometric = for UVISEL
Polarimetric = for MM-16, AUt SE
Merge = in case of Merge acquisition
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Ellipsometry configuration

The Modulator and Analyzer angles can be retrieved from the Experimental configura-
tion file (default) or set manually. Check-in the desired choice.

Spectral Data 4

Each Data Acquisition file can contain several Multispectra files. In fact, the file struc-
ture in DP2 includes the Multispectra capabilities. These Multispectra files could be
created or generated from a standard acquisition, a kinetic acquisition, a V.A.S.E. (Vari-
able Angle Spectroscopic Ellipsometry) acquisition or an acquisition scenario.

In this section, the Multispectra Index means the Index number located in the acquisi-
tion file if this file includes several Multispectra acquisitions. By default Index 1 is
selected. The Spectrum Index is the index of a spectrum inside a Multispectra acquisi-
tion. See detailed explanation “How to assign an index number” on page 212.

By definition, the Angle of incidence V.A.S.E. and Theta (®) V.A.S.E. are Multispectra
files: the choice is only the selection of the Multispectra V.A.S.E. acquisition index.
When on these V.A.S.E. Multispectra are selected, V.A.S.E. fitting will be proceed.

Frodeimg descrpnon =

Modeling description name : |Default

Modeling conditions |Fitling params I Simulation params I Optical calculations params I

Measur d
Spectral Range moce
IEIIipsometrir_‘ j
& Experimental file full spectral range
" Experimental file limited spectral rar~= Ellipsometric Configuration
Start : I 460.0000 |nm = 3 < & Experimental file configuration
1 End : I 8000000 nm " User defined configuration :
" User defined spectral range : Modulator angle : I 00 °
Start : I 200.0000 |nm 'I Analyser angle : I 450 °

End : I 2000.0000 nm
Ii Spectral data
Increment : 10,0000 nm T i I—1
4 # Spectrum index : I 1

\  Angle of incidence V.ASE.
" Theta angle V.A S E.

v Display specific observables after fit or simulation :

2 Bottom axis observable : IWaveIength 'l
Left axis observable : IT 'l
Right axis observable : IR VI

Ok I Cancel | Save as defaultl

Figure 13-10 Modeling conditions setup
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Step 2: Simulation parameters screen

Enter a name which will Enter a name: this name and linked Select the Simulation
appear on the legend parameters will be saved in the modeling parameters tab
description list

Meodeiing description

Activating this box will auto- T

matically clear graphs before —
. . Modeling conditions itting params ( Simulation params ptical calculations params I
a simulation \ ;D

Modeling

Name of simulation curves :
¥ Clear graph before simulation

Use variation for :
 None
" Angle of incidence (7 :

Start :I 70.000 End tl 70.000 Increment :I 10,000
Start : 0.000 End :I 180.000 Increment :I 10,000

" Theta angle (7) :

Activate and set Select a layer - [2 - Simple layer =]
the parameters for & Thickness : mm  Start:| 0.00010000 End :|0.00100000 Increment - [(TIEITT
Simulation
. . . Select an alloy : |N -
Figure 13-11 Simulati B H

on parameters screen

‘ Ok I Cancel Save as defaultl

e Figure 13-5 shows the parameters which can be varied during a Simulation. The param-
eters displayed on this screen are related to the current model.

- Simulation curves name: enter a name related to the current simulation. This name
will be displayed on the graph as a legend if the «legend visible» parameter has been

checked from the Graph Setup screen ( icon, see “Graph Setup” on page 35).

- The variation can be performed on the Incidence Angle (Modulator/Sample/Ana-
lyzer), the Thickness or Volume Fraction of a selected layer. The options are added
according to the model layers.

- On the bottom of the screen, the Save as default button saves the parameters under
the Default description name. Clicking OK button validates the parameters screen
and saves them under the entered Modeling description name.
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Step 3: Optical Calculations Parameters

Select the Optical Calculations
parameters tab

[rodeing descrprion =

y 4
Modeling description name : IDefauIt ‘

Modeling conditions I Fitting params Simulation params (Optical calculations paramsD

MName of simulation curves : I

¥ Clear graph before simulation

Use variation for :

" None - __II
x

¢ Angle of incidence (7) : e b el

Modeling description name : |medium resolution

Star

¢ Theta angle (7) : Modeling conditions | Fitting params | Simulation params Optical calculations params |

Starl| Calculation package:

Optical calculations =
Select a layer : |2 - Simple|

Coherency length:
@ Thickness : mm Start 99 pm

Spectral resolution:

AA (nm): 5.0 I” Partial coherency
Segments number: 1 Comment:

A data value calculated at each
wavelength is assumed to have

N Shape: # Rectangular a distribution of specified width (AA)
Select lloy : g P
= ectandluy J|None and shape, divided into several
" Gaussian segments for the numerical
integration_
 Exp i-1 2
0
= = I 20
&t/ e
2
A AOI:

A AOI value () - 0.0000
Segments number : 1

Ok I Cancel Save as delaultl

The parameters described in this screen are used to improve precision in the direction of
real curves profile using calculation.

As arule, the «Calculation package» should always be set to «Optical calculationsy.

* Coherency Length and Spectral Resolution
What is it?

Coherency Length: The coherence length, usually applied to light waves, gives the dis-
tance over which a wave can interfere with itself. For example, imagine a source of light
being split into two beams. The beams are then taken on different paths and later recom-
bined. If the difference between the path lengths is less than the coherence length then the
beams will interfere with each other and an interference pattern can be observed. If the dif-
ference is greater than the coherence length then no interference will be observed.

From this it can be seen that the concept of coherence length is extremely important in
holography as it is the process of splitting and recombining a beam to produce and interfer-
ence pattern that makes a hologram. This is why laser light is usually used in holography,
as lasers have extremely long coherence lengths, in the order of a few metres is possible.
Compare this with the few centimeters possible with a sodium lamp.
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The coherence length depends on the purity of the light source. A laser emitting at a single
wavelength A, will have a very narrow spread in wavelengths, AA. Traditional light
sources, such as sodium lamps, whilst only emitting "one" frequency will have a larger
spread in wavelength, AA, than the laser.

Formally, coherence length is defined as

L=A?/nA\
where A and A\ are defined as above and n is the refractive index of the medium in which
the wave is travelling.

Keep the 99um value shown on the figure above.

Spectral Resolution: The spectral resolution of an optic instrument is a measure of its
power to resolve features in the electromagnetic spectrum. It is usually defined by:

where AL is the smallest difference in wavelengths that can be distinguished, at a wave-
length of A.

The spectral resolution is an instrumental specification. To follow as closer as possible the
real situation, two parameters have been added:

- Setting AA: enter the Monochromator resolution for the working wavelengths
range. For UVISEL family keep the displayed 5Snm.

- Segments number: If equal to 1, the calculation around each data point will not be
activated. By entering several segments, each data point will be integrated over
*AMA/2, using the chosen segments value. Figure below shows how the calculation
is performed. The next paragraph will show real DP2 results.

A A

final calcylated final calcylated

Data point Data point

-

|}\'1| }\’

Segment value=2 Segment value=4

DeltaPsi2 practical examples: DP2 manages very simply the calculations through the
sample. In order to clarify the use of this feature, we can determine the following several
cases:

e Example 1: Effect of spectral resolution
A sample is composed of one SiO, layers of 4um on a silicon substrate. We have set a
wavelength range of 450-830 nm with a Inm increment. Generally, if a layer thickness is
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within 0-5um, the segment value of 10 is a good choice. You can try several values to reach
the best 2. Figure 1 shows the simulation result of such a Model.

Segments

Example: this figure shows number=10

two simulations: lower graphs _
have been processed without o -
integration (Segment num-
ber=1), upper graphs with an
integration and segments num-
ber of 10. Thus upper graphs
better reflect the reality.

Segments
number=1

600 610 620
Wavelength (nm}

1B Model - test.mdl

Riosults | =
alzasv] @] Slsn) @i Bl of ) - )

Left |s j : [waveength ﬂ Right |; _ﬂ

is 0 000 M EHA B

Ftooo'™

sm1 [ 1 [ -0 [ Wavelength = 618 nm I = 0.371

Thickness unit : | & * ‘ ¥ Clear results before fit ‘ [ Clear graph before simulation | [ Show all fiting steps

a0~ 70,000 ¥ Exp e ||

PN 400000 POsioxdsp
. c-Si_ly.clc

Figure 13-12 Spectral Resolution effect

Setting the Shape: We have previously seen that each data point will be integrated on a
TAM/2 on several segments. The integrated results can be then smoothed using specific
shapes: Rectangle means that the smoothed action will not be effective between the inte-
grated calculated points on 2AA/2. If Gaussian shape is chosen, a Gaussian smoothed pro-
file will be activated. The user have also the choice to use the displayed formula with the a
variable. If a is equal to 2, the shape is Gaussian. By lowering the a value, the smoothing
will be more effective.

¢ Example 2: Effect of Coherency length

In the case of thick layers, the interferences over the spectral range of the instrument are
too numerous and then too close to be resolved by the monochromator limited resolution.
Thus these layers must be treated differently in the calculations to be compatible with what
is measured by the instrument. Usually these kind of layers above 100 p (apart from poly-
mer sheets) are substrates (silicon, glass...) and are not thin films anymore with thickness
to be fitted. This is why coherency length value has been set to 99um. If a layer is found to
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(@ Model - test2.mdl

Modeling

be 80um, a good idea will be to change the coherency value to 70um and verify the
obtained result.

In this example, the Spectral Resolution parameters will be set as shown on the Example 1
with a Segments number equal to 1.

(I Model - test2 mdl

Wavelength (nm)

Resuts | 4 [Pesis |
Az 20v| @0 1] Sleafes| Gl 18] ol k2| | | |2zl aladnl Sl @+ B ol k2 | b
Left: [is =] %:[waveenatn =] Right:[ic =l Lefti [1s = %:[waveiengtn ]| Right:[ic |
0.070
=
CUUS R A 0.080 0.002 i3 0.060
0.005%--- 0.050 0.002 i 0.050
s 0.040
0.004 F-J------f--- 0002 0.040
T ol 0.030 0.030
i 0.020 0.002 0.020
0062 0.010 0.002 0.010
0.001 0.000 0.000
Is 0.000 -3 0.010 15 0,001 0.0101
-0.020
-0.001 i 0.001 0.020
] -0.030 0.030
00024 -----t--ghne- - ] 0.040 0.001
> I ] 0.04 0.040
0,003 A -0.050 0.001 4 s
oooal i 1Y i 0.001 -0.060
{[}-0.0m0 T 7
0.005 0,080 0.000 U,
oooski i ; '} 0090 008 Bens. F.08
460 480 500 520 540 560 550 600 620 640 660 680 700 720 740 760 780 800 820

460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820
Wavelength (nm)

Wavelength = 450 nm [

E | 1 |

Is=0003 | Wavelength = 450 nm [ =088
Thickness uk:[om =] | " Clear esuits before t | T Clear g befor simulaion | [ Show sl fing steps Thiskness urit-[ym ]| ¢ Clos rosuls bofos fit | T Cleargaph bolors smilion | [ Shovw g sops
a0 70.000 ¢ v e e || a0:[~[ 70000 " ¥ B e ||
(9000000 Wsioxdsp IO 100.00000 Prsioxdsp
N B csidyclc B csidyce

- Fitting choice - Fitting procedure I~ Modeling description — [~ Dulput descriplion | Fitting choice [~ Fiting procedure [ Modeing description 1~ Dutput desoription | o
[Defaut =] ||[Single Sten =] | [Detaut: =] | [oataut 2| | Skt faw [Defauit =||[single step ]| foetaut =l |[Detaut T S0

a0d || eae || as || Ea || add | @ | e || add | 5] ear | Fit Saveds P 2 O e e e e | Fit Save s

90pm SiOy layer

100pm SiOy layer

Figure 13-13 Example2: Effect of coherency length

* A AOI Settings

As for the wavelengths, the integration can be performed on each V.A.S.E. data point on
a A AOI using several Segments.
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Step 3: Fitting parameters screen

Enter a name which will Enter a name: this name and linked Select the Observables and

appear on the legend

Check in to erase the
previous fitting result text

Maximum ﬁttlng iterations [~ Elli Equivalent Calculations

Stop criteria for %2 (do not

change)

Figure 13-14 Modeling Click OK to validate
conditions

parameters will be saved in the to minimize the %2
modeling description list

Modelina description

/ / ]|
[ S ——
tescription name : IDefﬂuIl / /

Modeling CDNUM Fitting params | Simulation params/Opt%al calculations params I

Name of fit curves : |

Modeling

¥ Clear fit results before fit Minimization Ob able
4

&+ User selection :

" Mueller matrix only

~ Mueller matrix and piser selection :

B

Maximum lterations
0.0100

I 1000
0.0100
Fitting stop criteria
AUl O ESE) SR - 0.0100
e = 1E-6 -
INolhlng 'I MNiA

AX* 3 1E-30

™ Recalculate from W, A

Minimization algorithm

/ IMalquardt j
h: 1E-16
tol : 1E-15
| F Cancel | Save as defaultl
Exit the screen ~ Save current

without saving ~ parameters as
the parameters ~ default

Minimization Observables

User selection: if checked, a 4-observable table is displayed. Select the observables
which will be use for the fitting or simulation. Usually Is and Ic are selected for the
UVISEL. If the model is standard without anisotropy Is, Ic, Ic’ will be a good choice for
the MM-16 and AuEo SE.

Mueller matrix only: the fitting and simulation processes will only use the Mueller
matrix. In this case, the selection table is not displayed. This choice will be good for
anisotropic samples. The fitting or simulation will be performed on all the Mueller
matrix parameters.

Mueller matrix and user selection: the Mueller matrix and user selected observables
will be used for the fitting or simulation. This choice is more marginal and concerns

only specific samples measured with the MM-16 or Auto SE Ellipsometer. Up to 4
additional observables can be added with the Mueller matrix.

Recalculate from ¥ and A: Select this option

Elli Equivalent Calculations: default is not checked. Only for oldest HORIBA Jobin
Yvon Ellipsometers.

Minimization algorithm: several algorithm can be selected. The most used are Marquart
and Simplex. Marquart is the fastest with repetitive results. Simplex often needs more
iterations as it generates by itself data points by successive approximations to reach the
best %2, thus the results are each time different.
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h and Tol: do not change the default values.

Step 4: Thickness Fitting Choice Properties

This screen can be accessed from a layer thickness (in this case Material tab is not dis-
played).

Right-clickﬂ
. Sio2_wor.ref Open material ...

Open material as text ...
Nannst W e Delete material

Copy material to dipboard

F Mpdehialcsernion By Faste material from clipboard
jv IDefauIt j IDefauIt Fitting parameters
o || A | | Ear.. || ada TOTT EOE g

1 Fitting Choice Properties for layer #1 =l

Thickness |Materiﬂ|s I Special Routine | Checks I

" Fit

2
& Nominal value : 10000 A
" Multiguess absolute :

3 " Multiguess relative :
" Multistart absolute :

/'(" Multistart relative :
4

" Correlatedto:  Layer number : -

Ratio factor :
& Fixed : 1.000

" Variable : Start : 1.000
End : 1.000

5

il g

Increment : 0.000

Figure 13-15 Thickness
choice properties

Cancel |

Notice: The labels which define the fitting procedures are the same for several compo-
nents. The same choices can be found, at different location, for a layer thickness, a material
volume, the angle of incidence (AOI) and the dispersion parameters. They are described

below:
Fit Check the box to activate the fitting process on the current compo-
1 nent: layer thickness.
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Nominal Value

2

Enter or select the nominal value of the current parameter (thick-
ness, volume, angle of incidence or dispersion parameter).

Multiguess
3

The Multiguess choices allow the user to perform a fitting process
with different initial/end values of thickness, volumes, AOI (angle
of incidence) or dispersion parameter. These initial/end values (and
related increment) will be used as a plain algorithmic values to find
the right thickness, volume, AOI or dispersion parameter. The

retained fitted parameter is directly related to the better X2.

% Several layers or slots can be setup for Multiguess: in this case,

the fit process will cover all the combinations and the better %2 will
be selected.

% Choose the guess range with care as the Fitting process will scan
all of the possibilities and it could drastically increase the process
time.

Multistart
4

When a fit is launched with the Multistart option, the process will
adjust all of the checked-for-fit parameters for every defined and
fixed Multistart values. The retained value is directly related to the

better X2.

In other words, all of the checked-for-fit values will be fitted for a
fixed value of Multistart (this value will not be fitted).

The retained thickness is directly related to the better X2.

% Several layers or slots can be setup for Multistart: in this case,

the fit process will cover all the combinations and the better X2 will
be selected.

Correlated

5

The Correlated option allows the current layer to be correlated to
another selected layer defined by its number. A ratio can be apply
through this correlation. This ratio can be constant or variable.
When the fit is launched, the retained values of the checked-for-fit

parameters are those which will reach the better X2,
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Step S: Fitting Materials Choice Properties

Right-click on a layer material name to display the following Fitting Choice Properties:

3| , Check-in the parameters to fit
1 Thickness Materials |Speciﬂ| Routine | Checksl .. .
: _ Enter the criteria range (if
Fit Material name
necessary
v Param.|layer?.dsp
Dispersion file name - Gedoped oxide (surfagfe) dsp .
Dispersion formula name : w Amorphous
Parameters | / /
minal Check : Absolute ¢ Relative | —
Fi Value Min Max I Internal I Output Eitting mode for n= :
ne ~ 1.4350807 | 0.0000000| 0.0000000 1 = MNominal value
wg = 3.3712471 | 0.0000000| 0.0000000 " u " Multiguess absolute :
fi =2 0.0987554 | 0.0000000| 0.0000000 L " Multiguess relative :
wj I 51660142 | 0.0000000 | 0.0000000 [ L 7 Multistan absolule -
rj I~ 2 6220345 | 0.0000000 | 00000000 [ u + Multistant relotive.:
Each of the parameter of the Dispersion
formula can be fitted using a specific
method: see “Step 4: Thickness Fitting
Choice Properties” on page 196
1 - |
=
B-(w—0.)+C
e -n -
(-, ) +I;
f;(0-a,)
2 v a)> a)g
Ko)=1(@0-o,) +T;
0, =),
where

B=1{—i-¢f ~(@,-a,)).

sz'f:r' rr (wr_wg)

Figure 13-16 Dispersion fit parameters
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WL

\ Material name VYolume fraction

Modeling

Fitting Choice Properties for layer #1 |

Thickness Materials |Special funl::ticmsl LB.R | Checksl

Fit volume fraction

\ Sio2_wor.ref Im %

Al31gaas_asp.ref I 50.00 %%

Effective medium method

IEMA j Screening factor : I 2.0000

Yolume fraction fitting mode for first material

 Nominal value (above value)

~ Multiguess absolute :
~ Multiguess relative :
" Multistart absolute :
 Multistart relative :

Correlated :

Ok I Cancel |

Figure 13-17 Materials choice
properties (several materials)

Fit Volume Check the box to activate the fitting process on the Volume fraction
fraction of the current layer or slot.
1
Fit Material The materials which are included in the layer are listed here. Check
name the material to fit and adjust the volume fraction if necessary; total
2 must be 100%.
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Effective
medium
method

3

Select the appropriate medium method.

This algorithm performs a specific materials distribution. It supposes
that each of the layers, is composed of two or three materials. In
such a case the effective dielectric function (EDF) of the substrate
and the layers is calculated with one of the following effective
medium models:

¢ Maxwell-Garnett (MG) model

The Maxwell-Garnett (MG) model, which describes a composite,
consisting of inclusions completely surrounded by host material. In
this model volume fractions f; and f, of inclusions 1 and 2 have to

satisfy the following conditions: f; «1 and f, «1. The model includes

a characteristic parameter-depolarization factor p, which depends on
the constituent fraction shape. Then, p=1/3 for a spherical shape of
inclusions.

* Bruggeman effective medium approximation (EMA)

The Bruggeman effective medium approximation (EMA) model
describes a composite of aggregated phases or random-mixture
microstructure. The model includes a characteristic parameter screen
factor q, which depends on the accumulation of charge at the bound-
aries between separate aggregate phases (grain boundaries). There-
fore, g=1 if the composite is microscopically isotropic in two
dimensions, g=2 if the composite is isotropic in three dimensions,
q=0 if an electric field of light wave is applied perpendicularly to the
grain boundaries, q»1 if internal boundaries are parallel to the
applied field.

* SSC (Sen Scala Cohen) Model

This effective medium theory model describes certain polycrystal-
line metals, whose boundaries optically isolate neighboring grains,
metal and its oxide (or grain boundary component) in low fraction.

Volume fraction

Nominal Value

fnilt(t)l(ileg If checked, the values entered above will be used.
4
Multiguess The Multiguess choices allow the user to perform a fitting process
5 with different initial/end values of Volume fraction. The retained fit-

ted volume fraction is directly related to the better X2.

4 Choose the guess range with care as the Fitting process will scan
all of the possibilities and it could drastically increase the process
time.
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Multistart The Multistart option will perform a fit on all of the fraction volume
6 defined from the entered Variation and Increment values. These
fraction volumes are not fitted as for the Multiguess option. The

retained fraction volume is directly related to the better X2.

Correlated Using this option, a layer thickness is proportionally progressed with

v another layer during the fitting. The «source» layer can be chosen
from the Fitting parameters of the correlated layer. A fix or variable
ratio factor can be applied

Special functions
This feature is not yet implemented

@ Spot

LBR (Limited Backside Reflection)

The LBR feature is used to assign a specific percentage of the backside reflection for a
modeling process. This could be useful when the detector aperture is able to capture the
backside of multiple reflections. The diagram below shows an example of collecting less
than two complete reflections:

Beam number 1

Sensitive area of the
/ Analyzer

Source 40% of the beam
beam number 1 will be
Beam number 0
useful

W Sample

According to the diagram above, the entered parameters for LBR fitting will be as shown
below:
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| Fitting Choice Properties for layer #1 x|
Thickness | Materialsl Special functions L.B.R. |Checks |

 Limited backside reflection
¥ Use limited backside reflection
Number of reflections :

Nominal value :
Multiguess :
Multistart :

Nominal value :
Multiguess :
Multistart :

Nominal value :
Multiguess :
Multistart :

Nominal value :
Multiguess :
Multistart :

¥ Fit o
-
-
First beam number :
¥ Fit o~
-
~
First beam % :
¥ Fit &
~
-
Last beam % :
¥ Fit o
-
~

-

Modeling

|_— Feature activation

Total number of the
|~ beams (0+1) which will be
useful for the fitting

_— y'd
& calculation

|—"‘/
[ too00 < |

‘/
/

——

Ok * Cancel |

Step 6: Output check criteria setup

First beam (0): useful
_— estimated %

Last beam (1); useful
estimated %

|__— Feature validation

| First useful beam number

The output check criteria, which limits values when a simulation or a fitting is running, is
located on the level of the concerned parameters. For example, the figure below shows the
check criteria for a layer.

Access: right-click on the layer and select fitting parameters choice, then the checks tab.
By definition, substrate has not thickness, nor limits.

Select the appropriate
criteria for fitting

Internal check limits are —
directly imported to the

marquart formula to perform

the optimization.

Output check will limit the results
which exceed the limits after the

optimization.

Limits can be absolute or relative

If LBR is activated, internal and
output limits can be set

Figure 13-18 Output
Check criteria (layer)

Fitting Choice Properties for layer #1

Thickness | Materials | Special functions | LB.R. Checks |

— Thickness boundaries

Internal check : [ & Absolute :  Minimum : 1000.0 A
Output check : ¥ {(" Relative :  Maximum : 2000.0 A
Y
— L.B.R. - boundarjés for Number of reflections
& Absolule - Minimum : 1
 Relative - Maximum : 100
— L.B.BY - boundaries for First Beam Number
Ipternal check : I & Absolute - Minimum : 0
Output check :  Relative ©  Maximum : 100
— L.B.R. - boundaries for First Beam Percent
Internal check : I & Absolute ©  Minimum : 0.00 %
Output check :  Relative ©  Maximum : 100.00 %
— L.B.R. - boundaries for Last Beam Percent
Internal check : I & Absolute - Minimum : 0.00 %
Output check - [  Relative ©  Maximum - 100.00%

Ok I Cancel
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The figure below shows the check criteria for the angle of incidence. The general operating
diagram is the same as for the fitted layers.

General Fitting Choice Properties k x|

Fitting choice name : IDefauIt

Angle of incidence |Gratings |

MNominal value : I 75.000 ° Save as defaultl

- Multi bsolute -

Internal check limits are Wrigiless sRsdl®: | suan: [ 50000 °
directly imported to the i s el = 80.000 °
marquart formula to perform N L B [ [ w000 °
the optimization. Multistart relative :

e
o

. @ @

Use experimental file AOI

Boundaries
Internal check : [~

Output check will limit the results Outputcheck : [

which exceed the limits after the .
optimization. & Absolute :  Minimum : I 65.000

 Relative : Maximum : I 75.000 °

[ Automatic update

Figure 13-19 Output Check
criteria (Angle of incidence) ok_| Cancel

% Fast Access to Dispersion parameters

* Accessing

Right-click on the material name and select Dispersion Parameters choice.

ImAI&:" 1A fim mnmrd imm A

Open material ...
Im a-gj  Delete material
Copy makerial to clipboard
ImAIED PFaste material from clisbaard
Fitting parameters
I (BTN Dispersion parameters

Step 7: Launching Fitting process

When the Model has been built, adjusted, and the elements configured to fit, check the fol-
lowing procedure:

¢ Click on Save or Save As button to save the built and configured model. It is recom-
mended to save with the Both option (Sample and Model).
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I:l-. Clear Results before fit: checking this option, located in the main Model screen, will

erase the previous fitting result text. If not checked, each fitting result text will be added.

¢ Click on the Fit button to launch the fitting process. During the process a new real time

display screen will be opened. This screen shows, using graphic and text mode, the evo-
lution of the fit. Here below is an example of this screen:

Model empilement optigue rugo.mdl Simple Fit

lieration ; |6 41 [8.126796

Farameter | Value |
L1 Thickness (&) 124085100

L2 Thickness (&) 510,03200

L3 Thickness (&) 2268 84700

Lt Thickness [A) 60 93513

a-Si-fin [-rugn ne= 183104

a-Si-fin [-rugo wy 028756

a-Si-fin l-rugo 071813

a-Si-fin l-rugo wj 351200

a-Si-fin l-rugo ] 169650

Fitting finished
- - - - Guess: 1/1
1 2

i
Phaton Energy (%)
Siop. Close

Figure 13-20

This screen can be then close as all of the values are displayed on the main Model
screen:
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Graphic results screen

Modeling

Text mode fitting results

I Models Ej

= User Library
P Acquisition Routines
P Data Manipulati

HEEW g|%wm. ?cq. ﬁod gd ?;c %m

Rl

()
~ ¥

i Model - 1TO +2layers. mdl

Resuls |

Al ajav| sl B[+ ik m|

- Substrates
=B Materials
-~ Samples
EJ-'_' Models
i} ITO +2layers mdl
P Multimodels
- Modeling Scenarios
- Grids
B+ Recipes
P Report Templates
=¥ Results
B Acquisition Data
B Model Results
B Multimodel Results
P Modeling Scenario Resul
P> Recipe Results
=8 4 Reports
- Model Reports
- Multimodel Reporis
- B Modeling Scenario Repal
- Recipe Reporis
& B Application Library

eft I\s ] ® IPhntnnEnErgy | Rt ||c =l

%@ T Save rasullshlel Undate | Show: rEpnrll

! minimization on Is,Ic

Is = Sin(Z¥) »Sin(d), Ic = 5in{2¥) ~Cosid)

= 18.681140
E Iterations Nuwber = 74
: Parameters
[ows 1] 12 Thickness [§] = 1836.121 + 30.730
0000 4o B L T L 2) L3 Thickness [§] = 863.045 £ 52.998
: 3) L4 Thickness [§] = €93.786 £ 32.766
! e 4] Layeri me = 2.0439950 + 0.
s ! e 5) Layerl g - 3.4028010 £ 0.
: 6) Layerl 13 = 0.5721284 & 0.
' 7] Layeri wj - 3.3802760 + 0.
: 8) Laysrl T3 = 0.1402948 £ 0.
E 38) layerZ == L 3.5915080 £ 0.
: 10) layer? wt - 6.9295730 + O.
E Correlation m
! s == 6=
T 1.000 -0.748 0.681 0.451 -0.1z21 0.458
3 5 1.000 -0.%03 -0.72Z20 -0.03% -0.675
Phaton Energy (e¥) l.000 0.568 0.o0l0 0.653
1.000 0,008 0.557
[=Ftmm + O+ Zlayers (5) — Fi (ic) TO+2layers (12 | 000 Hég
Fit I 1 [ B=m1 [ ProtonEreray=075ev | k=-0dfe 1

0274692
0z133z3
0527043
0251961
Da1v73ze
11599639
6984667

ickness uni ~| ¥ Clear resuls before f jean graph before simulation ow ol fiting steps
Thick 5 ol s before o h b I Show ol f
|

A0 701007 ¥ Exp. File ‘\TD+ZIay pe

u 6000 Imlayerzc p kS
i §50.0 llﬂLayerl. sp b
IDITO?sup | oscdr_final 1.dsp &
LI FlOimo_int_bscdr-final 1.dsp
[J/20000000.0 FMglass.ds s
I Void_as.ref

= Flng choice

(- Fiing procedurs | Modsling dfscrpion | Dutput dessiplion | =
|7§fam| SngeStep || [Defaul =] {[osteur Bl Save
| || = e {2 et
f
Nonamel.mdl — ITO)
+Dagers el
Current profile : Default J /

Automatic update
(located inside the Fitting
Choice Properties screen)

Clear results before fit
(see page 204)

Figure 13-21 Fitting results

DeltaPsi 2 Software

205



05/20/2016

HORIBA

Scientific

Modeling

13.7 Advanced Model Post-calculation features

From the Qutput Description screen, two additional tabs include parameters which can be

added to the

«text mode» fitting results or to a report. The chapter will detail the Model

Post-calculations features. Figure 13-22 shows the Model Post-calculations screen.

launched.

13.7.1

« NOTICE: additional Observables will be added and calculated only if a fitting is

Adding an additional Observable

An additional Observable R, T, a, 1/a can be added to the fitting results. The
following procedure describes the steps:

Enter the Output description name

Select the observable
to add T

Activate

Calculations Observable : [T
i

Select the wavelength
range (not yet imple-
mented)

d

Create specific
values table

Management
buttons

The user can add four additional Observables which will be calculated and
add to the fitting results as a text on the upper right hand of the fitting screen
or to an output reporting layout.

Select an Observable,
Do not choose the range, this option is not yet implemented,

Check in the Table parameter and select the unit,

Click on the to open a table. Enter the first wavelength value

and check in to activate it for the calculations; boundaries values are optional,
Any amount of values can be added in this way.
If necessary, select another Observable and proceed in the same way.

If you wish to add calculated thicknesses, follow the chapter “Thicknesses

calculations” on page 207, if not click on the | | button or val-

idate the screen by clicking on the OK button.

Save to file

Total Thickness activation

Partial thickness activation

Adding a thicknesses group

Dutput Description

put description name : INEVIOD 0

PUS( calculations |Layels *l ca}éula{luns | \

= I_ Tojal thickness
Total | Boundary ‘
fa | check [ Min [\ Max \

Qutput Resull

™" No calculations

e 9164 | | 00|
Start : 1.5000 |eVv E
End : 6.0000 eV Partial thickness
Increment : 0.0500 eV Group IG1 J Add Delete

I” Boundary check: Min: I 0.0000
Max: | 00000 | Lo

Boundary ‘
Thickness Check Min Max

1000.0 2000.0

{1 * Table : |ev =

Boundary |

Value [check|  Min Mar |
2.5000 ¥ 0.0000 | 0.0000
2.8000 ¥ 0.0000 0.0000
0.0000 ™ 0.0000 0.0000

Total I

Add value |De|ete valuel Sort values | 9464 T I 0.1 0.1 A

Save to file | Load from file |

Cancel |

Figure 13-22 Model Post-Calculations
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13.7.2 Thicknesses calculations

The right half part of the Model Post-calculations screen concerns the thick-
nesses calculations. Then, each layer or a grouped layers can be added to the
«text mode» fitting results or/and to a report. Figure 13-22 shows the Model
Postcalculations screen. The following procedure describes the steps:

1

Select the Total thickness option to calculate and added the value to the fitting
results or/and to the report,

Select the Partial thickness to group layers and calculate the thickness. The
interface is very flexible, as many groups of layers can be created.

Click on the to open a new group of layers. A pop-up screen is
then displayed and asks for a group name. Enter a name, then click OK to
validate.

The Group is created and a table lists all the Model layers.

Check in the layers number (located on the table) on which the thickness
calculation must be applied. Here below is an example:

TOt_al tl:llel’leSS ‘»ﬁ Total thickness
activation = Boundary
oltal -
Partial thickness Check  Min |  Max
.. | s0200 O | 0.0 00 A
activation
Groupl is selected
\‘» Group IGmup1 j Add | Delete
Boundary
Layer | Thickness |l:heck | Min | Max
Groupl table =1 45000 1000.0 2000.0
2 45000 I 1000.0 2000.0
FE 200 | 1000.0 2000.0
Figure 13-23
Thickness table Total | 45200 | | 0.1 01 A

Figure 13-23 shows the Total and Partial thicknesses activation. Groupl
has been created and the table shows the selected first and third layer. The
total selected thickness is displayed on the bottom and the total boundaries
thickness can be specified and activated. The individual boundaries check-
ing cannot be activated from this table; please refer to the Fitting parame-
ters choices (see “Parameters Setting” on page 186).

Save to file I button or

Once the groups have been setup, click on the |
validate the screen by clicking on the OK button.
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13.8 Advanced Layers Post-calculations

From the Qutput Description screen, two additional tabs include parameters which can be
added to the «text mode» fitting results or to a report. The chapter will detail the Layers
Post-calculations features. Figure 13-24 shows the Layers Post-calculations screen.

launched.

13.8.1

« NOTICE: additional Observables will be added and calculated only if a fitting is

Adding an additional Observable

An additional Observable n, Kk, er, €i can be added to the fitting results. The fol-
lowing procedure describes the steps:

The user can add four additional Observables on each layer of the Model.
These Observables will be calculated and added to the fitting results as a text
on the upper right hand of the fitting screen or to an output reporting layout.

Select an Observable,
Do not choose the range, this option is not yet implemented,

Check in the Table parameter and select the unit,

Click on the to open a table. Enter the first wavelength value
and check in to activate it for the calculations; boundaries values are optional,

Any amount of values can be added in this way.
If necessary, select another Observable and proceed in the same way.

If you wish to add the Ge composition and/or the Eg parameters, follow the
chapter “Adding Ge composition and Eg parameters” on page 209 , if not

| button or validate the screen by clicking on the

Save to file

click on the |
OK button.

Enter the Output description name

Select the observable

to add N
Wsull' Model Post-calculations Layers Post-calculations |
. Select a layer™ - Substrate i
Activate L.
Calculatlons \~ Observable - |n i Ge compaosition calculation -
" No calculations  None

Select the wavelength
range (not yet imple-

mented)

Create specific

values table

Management
buttons |

Dutput Description x|

Output description name : Ibefault

 Range :

Start - 15000 |eV hd

@ Ge % crystaline

' Ge % polycrystaline
End : 6.0000 eV FElE

Increment : 0.0500 e¥ Hf)undaw ‘

Check | Min |  Max |

I Boundary check: Min: | 0.0000 m | 0.00 0.00

Max : 0.0000
b ¢ Table: |ev = v Calculate Eg for @ = 1pm”™ '

/ Boundary |
Yalue |Chack Hin Max I
7.2000 0.0000 0.0000
7.6000 [ 0.0000| 0.0000
0.0000 ™ 0.0000 0.0000

Add value | Delete Vﬂluel Sort values |

Save to file Load from file

Ok I

Cancel |

Figure 13-24 Layers Post-Calculation
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13.8.2 Adding Ge composition and Eg parameters

Modeling

The right half part of the Layers Post-calculations screen concerns the Ge com-

position (%) and Eg (for a=1 um'l) calculations.

Enter the choices which
concerns the Ge concentration

Activating the Eg calculation —__g,)

Ge composition calculation :
" None
* Ge % crystaline
" Ge % polycrystaline

Boundary

Check |  Min |

Max

m | 0.00 |

L v Calculate Eg for a = 1pm~

Figure 13-25 Ge and Eg Post-calculations
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14 Serial Multimodel

14.1 Definition

The Serial Multimodel is a useful feature which performs a fit on many models using one
common Acquisition Data. However, a multispectra Acquisition Data can be used; in this
case the index of the multispectra file must be specified for each Model.

The results are separate for each Model.

14.2 Accessing

The figure below shows how to access to the Serial Multimodel window:

Click on the Mod icon located on the Main icons bar

wiafer Map

User Library

P Acquisition Routines

I Data Manipulation
P> Substrates

>

=3

[ 3

Matenals

P Recipes x|

- B Report Templates

Results

P> Acquisition Data

- P Model Results

& B> Recipe Results

= W Reporis

& B+ Model Reports

& B Recipe Reports

= W Application Library
P+ Acquisition Routines
- I Data Manipulation
- » Substrates ; . :
P Materials Modeling Scenario
= P Models

P Grids X Cancel |
- » Recipes

I Report Templates

®

®

Then select the Serial Multimodel choice

14.3 Description

The figure below shows the main Serial Multimodel screen.
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=L K L 9o

oo % o B B
Jhat. Acq. Mod. Srd. Rec. Tem

= ed

Bl

Acquisition Data p| & Serial MuliiModel - Nonamel .smm
=- W User Library Serial Multimodel Model results IAH fit results
- » Acquisition Routines Coarlie Mulispectra | j‘

- > Data Manipulatio I
= B Materials 1 AT Jil Results |

= ¥ Models : Dirop mode files in the list below f,| i A|%i v| |Q| 1:1| =) @'@Eﬂg

I saphir_back md =

i M1 - saphir_back.mdl|

! ’ saphir_rough.m M2 - saphir_rough mdl il | =l | e =l
Grids

- > Recipes

I Report Templates
= W Results
= W Acquisition Data
- B 3 saphir
H aniso poli P hrspe "y

2 saphire p substrate.spe 2
- I* Model Results

" I» Recipe Results
¥ Reports

* I Model Reports

I Recipe Reports
i+ B+ Application Library

I

Woid_asp_uw.ref | saphir_o.dsp
S saphi_e.dsp
AF saphii_o.dsp

Fiting choios

|Detaun |

Fiting procedurs

Single Step |

Modsling description

|Defau |

e 4 Launch the Fit

|Detau |

I - Common A0 1 - Comman madsling deseription T - Comman output descriptio

[Detaut || =] [|[oeteua seve
Add @fl Edi.. | fdd |ﬁ-r| Edit. | Saveds..

[UPERY Output Result

[ Adjust fit results graphic X axis after display

[¥ Adjust N&K fit results graphic X axis after display

I~ Save result file after manual fit

I~ Activate reporling
Report template : | | Select ..

 Print report directly (no display. does not work with HTML reports)

I~ Save report. enter a name for the file here
(HTML reports are always saved)

- Comments

Figure 14-1 Modeling scenario
example

i 0K _X Cancel |

Drag and drop all the models you want to apply to a specific Acquisition Data

Drag and drop the Acquisition Data file you want to apply to the Models.

This unique Acquisition Data file can be mono-spectrum data (.spe, .ref, .clc,
.spb) or multispectra data (.acr). In case of multispectra data, you must specify
the index number of spectrum to use for each Model (See detailed explanation
“How to assign an index number” on page 212).

DeltaPsi 2 Software 211



05/20/2016

H 0 RI BA Serial Multimodel

Scientific
3 Fill the Output Result screen to adapt the output format and presentation.
4 Launch the Fit process to all the listed Models with the selected Acquisition
Data file.

14.4 How to assign an index number

Multispectra Files have a specific data format. The included spectra are grouped as results
of Acquisition or Data Manipulation.

When using a Multispectra file in the Serial Multimodel window, an index number is
required. The figure below shows how to assign an index to a specific spectrum. Follow the
procedure shown below:

1 Drag and drop an .acr file into the Common file field

. g B

EES & E

Models

Wodel ek | A1 et

| =l
orenas 1l = ‘

i ola] Al | alofw slma o B o

ophir_back mdl Lot ERd B E
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2 Double-click on the .acr file. This action will open and display the file parameters. It

becomes possible to know what kind of spectra are included inside.

= o
AR R oo
Models - Acq o a > =1 B3
oV Ut Summayy P Tl [P |
B> Acquisition Routines Squisition scenario
P> Data Manipulation
= W Materials Ac n scenario file :
@ 2 osc drd.dsp h ary\Acquisition Routines> Test acn

@ bk7 toto.ref Acq n scenario execution time :
@ saphir_e.dsp Start  17/0B/2005 15:34:46  Endl - 17/06/2005 15:34:59  Duration : 00:00:13:047
T Run information
= ¥ Models
Lot name :
2tmdl Norn du ot
2y Emdl Sample name :
2.mdl Nom du sample
saphir_back.mdl Comments :
saphir_rough.mdl Premiére ligne de commentaires
P Grids Dewxizme ligne de commentaires
P Recipes .
P> Report Templates Acquisition
= ¥ Results
59 Acquisition Data n execution time :

Ry 6/2005 15:34:46  End : 17/06/2005 15:34:53  Duration - 00:00:13:044
= & saphir Acqulsllmn results :

& Acquisition Scenario Testacr || Number of acquisitions saved : 3
&3 b2 t.spe
& b2_ll.spe Data Manipulation
P> Model Results
P Recipe Results Data manipulation scenario file :
P Reports <User Library\Data Manipulation> test.dmn
B Application Library Data manipulation execution time :
Start : 17/0B/2005 15:34:59  End - 17/06/2006 15:34:59  Duration : 000000003
Data manipulation results :
Number of spectra saved - 2
Number of Tauc Plots saved : 1
Number of n&k tables saved : 1
< 13| Showrepott.. | Pt eport

Figure 14-2 File Summary

Figure 14-2 shows the Summary of the file. A text details the characteristics of the
acquisition and the data manipulation operations used in the file. In the Acquisition
paragraph, we can see that 3 acquisitions have been saved and in the Data Manipula-

tion paragraph, two files have been saved and one Tauc Plots manipulation and one
n&k tables.

On the upper part of the screen, two additional tabs labelled Acquisition Results and
Data Manipulation results graphically displays the results of each included file.

', Acquisition Results - Acquisition 5. ~nario Test act
Summary Acauisiion results | Data ManipulationYestts |

Gvapm | GvapHZ {Tirsphd |

dex3
UcCAxd

ex
1HUCA 1
P
2

3
Photon Energy (&)

n=367 [ Fhoton Energy = 1 503 &% k=008

Show report Prink report . Save acquisition result
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@ * _wsition Results - Acquisition Scenanio 1. * acr
Summary | Acquisition resuks Diata Maripultion resuits |

vaphl {GIEE Taue Plot 1| nik

Summary | Acquisition resultsl Data Manipulation results

| Tauc Plot 1] nak table 1

1.l =IlcAle o= 1T =l By ARk

il

,,,,, -0.38

0.4
rrrrrrrrrrrrrrrrrrrrrrr -0.42
-0.44
2 e QRIS o e ensn e easeas 048
N : B 048

v \ \ N a5
Index4 Index5 Index6 Index7 02
-0.54
R e i ; 0.56

2 k. 4 &
Photon Ensrgy ()
DMScenario_2 ‘ Frils) = 0.023 | Phaton Energy = 1.503 et Fn(ic) = -0.045

ShuvaDuN...l Prink repart ... | Save data manipulation spectum |

On the figures above, the spectra are renammed in indexes required by the Serial Mul-
timodel feature. The first index is the first spectrum of the Acquisition Results tab. The
numbering continues on the next tab Data Manipulation Results.
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15 Bound Multimodel

15.1 Definition

The Bound Multimodel is a powerful feature which performs fits on many different mod-
els. The most interesting is the possibility to bind parameters between the models. The
resulted fit shows the fitted parameters, bound and not-bound.

Each model can keep its own Acquisition Data or can be shared a common Acquisition
Data. This common Acquisition Data could be a multispectra. In this case a multispectra
index must be assign to each model.

15.2 Accessing

The figure below shows how to access to the Bound Multimodel window:

Click on the Mod icon located on the Main icons bar

“wiafer Map

|
BB
[

= W User Library

- P> Acquisition Routines
- P> Data Manipulation
P+ Substrates

B I Materials

B P Models

& B Grids

& B Recipes

# I+ Report Templates

Create new model ...
=

h'ﬂf)f  Application Library

&

oo

Acquisition Data
Model Results

Spectroscopic Model
Kinetic Model
@ Serial Multimodel

Modeling Scenario

V X Cancel |

&

F o B
YVoVV¥D
b
1]
o,
b=l
(1]
be)
2
c
7

Model Reports
Recipe Reports
Application Library
4 I Acquisition Routines
- » Data Manipulation
P> Substrates
- I Materials
- P Models
- P Grids
P Recipes
" » Report Templates

&

[
-

®

/

Then select the Bound Multimodel choice

15.3 Description

The figure below shows the main Bound Multimodel screen.
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Bl A N 1 A & oo
Models Ll i Bound MultiModel - Nonamel_bmm B BEIE
= W User Library Bound Multimodel it |
B Acquisition Routines Drop model s in the st belo o @| Alzl Y] aleu 5 @[+ Bl = x|

B Data Manipulation
& P Materials
= ¥ Models
E 2 tmdl
2 WithvF.mdl
: 2.mdl
saphir_back mdl e
i saphir_rough.mdl I~ Use comman file:
P Grids 1 E file :
P Recipes | saphire p substiate.spe
P Report Templates
= W Resulis
& B> Acquisition Data
P> Model Results

saphir_back.mdl
M2 - saphir_rough.mdl

Lett: | B | Figh: =

Bind Parameters ‘il
M1 <> M2

M2 - saphir_rough.mdl

A01 Lid | L1 % Void_asp_uvret

- B> Recipe Results
= ¥ Repornts
P+ Model Reports
. - Recipe Reports
= W Application Library
- B Acquisition Routines
P> Data Manipulation
& P Materials
= > Models
P Grids
- Recipes
P Report Templates

l_
L2d ,7 =

L2 % saphir_o.dsp []

M1 - saphir_back.mdl

1 Void_asp_uvief | saphit_o.dsp

5 sephi_edsp
AP saphit_o.dsp

=

Fiting choice

[Detauit |
Modeling description

Defaul -

Dutput Deseription

|Defaut |

T - Commeon A01 I - Common modeling description -1 - Common output description |m —
[Detant i | | =] |[[oera L S
. : aveis
odd | | Eai. | pdd | | Eat | el i
NenameT...

| Current profils : Default

74 demarrer. § Sans titre - Paint & 0@ 0

1% Case: Models use their own Acquisition Data file

1 Drag and drop all the models you want to process. By default, all the models
keep its own Acquisition Data.

) Click on the Bind button to open the Bind Parameters window. Check in the parame-
ters to bind. It means that each bound parameter will be fitted to identical value.

2"d Case: Models use a common Acquisition Data file

Drag and drop all the models you want to process. By default, all the models
keep its own Acquisition Data.

Check the Use Common file box, then drag and drop the Acquisition Data file
you want to apply to all the models.

Usze comman file

Experimental file :

| zaphire p substrate. zpe

Click on the Bind button to open the Bind Parameters window. Check in the parame-
ters to bind. It means that each bound parameter will be fitted to identical value.
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3 Case: Models use a common Multispectra Acquisition Data file

1 Drag and drop all the models you want to process. By default, all the models
keep its own Acquisition Data.

Check the Use Common file box, then drag and drop the Multispectra Acquisi-
tion Data file you want to apply to all the models.

Click on the Multispectra button to display the Multispectra indexing window:
enter an index for each model. See the chapter “How to assign an index num-
ber” on page 212.

wmp wp e

saphir_rough.md v Use common file
P Grids , Dirag-and-diop an _act file here:

P Recipes Acquisition Seenario Test acr
P Report Templates

Results

F Acquisition Data

Multispectra indexing

4 (1 saphir
fiy Acquisition Scenario Test acr M1 - saphir_back |
b2 t.spe M2 - saphir_rough
b2_ll.spe

P Model Results

P Recipe Results
Reports

P Model Reports

P Recipe Reports
Application Library

B Acquisition Routines

P Data Manipulation X Cancel
P Materials
) Click on the Bind button to open the Bind Parameters window. Check in the parame-

ters to bind. It means that each bound parameter will be fitted to identical value.

Update Models

The Update Models button is located on the right hand side of the bind button. This fea-
ture allows the user to update models files.

Once clicking on the Update Models button the following screen will be displayed:
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Update model files
-~ Modelz
Update File narme
<Uzer Librarystodelz> zaphir_back. mdl
<User Librarysodelz> zaphir_rough.mdl
Fitted dizperzions
Uitz Saving a Model file
<Uzer Libraryl 2 = .
Enregistrer dans : Ik‘f} Models _V_| e (i v
| Modeling scenario kest
(Vs
iz ¢
fiulz withve
saphir_back
saphir_rough
0.0 0.0 Mom du fichier : Enregistrer I
Bind Update madels Type: |Model files -] M
Output Fesult a
|| Show report...
' 0K | X Cancel |

By default, all the modified parameters by the fit are checked and if you click on the OK
button, these parameters will immediately overwrite the initial ones.

If you want to keep the initial parameters files, click on the Change button to rename the
modified parameters to a new filename.
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16 Modeling Scenario

16.1 Definition

The Modeling Scenario has been created to automate the Modeling around many different
Models using one Acquisition Experimental file. Moreover to this automation, an extraor-
dinary scripting tool has been added: Each modeling step can be joined to a dedicated
script which can extract results, performs additional calculations, compares results from
different steps and, on the fly, selects and performs the best modeling on an entire mapping.

The detailed use of the script is explained in the “DeltaPsi2 Scripting Reference”,
page 287.

16.2 Accessing

The figure below shows how to access to the Modeling Scenario window:

Click on the Mod icon located on the Main icons bar

“wiafer Map

|
BEEEIEEE
[

= W User Library

- P> Acquisition Routines
& B Data Manipulation
b Substrates

b Materials

Models

Grids

S
Report Templates O  Application Library
esults

Acquisition Data Spectroscopic Model

Model Results

Recipe Results 3 .
epors Kinetic Model

Model Reports
Recipe Reporis @ Serial Multimodel
pplication Library
Acquisition Routines ' Bound Multimodel
P Data Manipulation
I Substrates
B I Materials
B P Models
- B Grids
- I Recipes
“ I* Report Templates

m

o

o !
B R L P o s

Y>VVoVVVOVVYY

Then select the Modeling Scenario choice

16.3 Description

The figure below shows the main Modeling scenario screen.
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Acquisition Experimental file Current selected model

area for models included into the scenario Pre-modeling script of the
\ model
/

=1 T I buto = X
. % E\ g [%E \Ms\?cq Rt &0 o Fa E?JEH lE’E f'3 = Eg 9 ¢
Acquisition Data jﬂ odeling Scenario - Pre-n odeling ess ad e e L3 M= ES
-+ ¥ UserLibrary Definition | Results |
- W Acquisition Routines . ile -

Experimental file
&5 2009.07.09.Nonamel LotD.: Elepnumes]
@ Example JY.11h 04mm 20s.| M Pre-modeling script: ¥ Active Edit script
- @ LotID.SamplelD.17h 23mm 1

! e Drop model or multimode! Script preview:
P> Data Manipulation b o B L var allodel : TPSlodel;
P Substrates henii i ‘
+ P Materials o) T8 ot (E1L - Debug (' Pre-modeling seript'):
+ I+ Samples = aModel := Seenario.GerModel(l, 1):
= ¥ Models aModel[1] .SerThicknessDef (FitParansNominal (crue,
- 5 Madling sconao s = Y
TiOx on Glass 1L.mdl paed % A
2 tmdl
g wgl"VF"""l ﬁached modeling file: \
m
saphir_back.mdl TiOx on Glass 1L.mdlI
- saphir_rough.mdl
# > Multimodels Postmodeling script: V¥ Active Edit script
- W Modeling S[:Fj-narin_s ] S i iy
&% Pre-modeling thickness adj
B Grid begin
ras Debug (' Post-modeling seript'):
P Recipes end.
P Report Templates
= ¥ Results
- W Acquisition Data
- £3 Modeling Scenario test
TiOx.spe
=3 saphir v Activate detailed script traces for all steps
aniso poli P hr.spe \ /
saphire p substrate.spe
@) Acquisition Scenario Tests
b2 t.spe
b2_ll.spe

@ Kinetic test.clc
@ kinetic test.kib
&y Noname5.kin . .
B Model Results Post-modeling script of the
P Multimodel Results
P> Modeling Scenario Results mOdel Step 1
P Recipe Results
=¥ Reports
B Model Reports

e ——
< | I Save | Save As _])
v

Saving the scenario Run the scenario

Figure 16-1 Modeling scenario
example

Open a progress window to follow
the scenario

16.3.1 Procedure

The scenario is based on steps linked if necessary to scripts. When a scenario is
launched, it follows the steps incrementally (if the script does not include an
instruction to change the step execution order).

In fact, without script, the Modeling Scenario will generate a modeling result for
each step and select the last one as the best result. The most powerful part of the
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Modeling Scenario concerns the ability to program an “intelligent” judgement
and a discriminated answer to the results of each step. The above scenario shows
an example of such application.

Scenario example details:

* Modeling of TiOx material on c-Si substrate.

* The first step will fit the thickness from 500A to 5000A with an increment
of 500A.

+ The second step uses a model with an additional roughness layer of 20A
located above the main TiOx layer.

* The third step uses another model with an additional interface layer of 20A
below the main TiOx layer.

e The goal is to determine the best model and the dispersion fitted values
will be transferred as a new starting guess values after each execution of
the scenario.

e The complete 3 scripts are reported below and each instruction is
described.

* This scenario does not have a pre-modeling script (do not activate it)

1%t Script

/

//
//
//
//
!/
//
//
//
//
//
//
//
//
//
//

va

be

Roughness-Interface selection demo optimized
for quick recipe execution

This scenario shows how to make a simple modeling,
transfer dispersion parameters to more advanced models,
run roughness and interface models, then select the
best result from the three models.

The selection is performed only once in a recipe execution.
The best model is then used alone for the following points
of the recipe.

The dispersion fitted values are also transferred as new
starting guess values after each execution of the scenario.

These variables will be used to access the different models
r aModell : TPSModel;

aModel2 : TPSModel;

aModel3 : TPSModel;

// This variable is used to know if we are on the first

// step of a recipe execution

aFirst : boolean;
gin
// Point on model of step 1 (single layer, the current one)
aModell := Scenario.GetModel (1, 1);
//

// Test if we are on the first execution of the scenario or not
//

aFirst := not (GetGlobalVar ('FirstStepDone'));

if aFirst

// We are on the first execution of the scenario

// Setting the global variable will be done in the last step

// of the scenario, but we have to update the next 2 models,

// continue the execution and make the final choice

then
begin

// Point on model of step 2 (roughness model)
aModel2 := Scenario.GetModel (2, 1);
// Point on model of step 3 (interface model)
aModel3 := Scenario.GetModel (3, 1);
//
// Save Khi2 of step 1 (current) for final comparison
//
SetGlobalVar ("ModellKhi2', aModell.Khi2);
//

// Make sure we are on the correct fitting choice in the next models

// This is optional and needed only if you have several fitting choices
// in the attached models and want to make sure of the one receiving

// transferred parameters.

//

aModel2.SetFittingChoice ('Default');

aModel3.SetFittingChoice ('Default');

//
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// Transfer TiOx.dsp dispersion parameters values to the all the models
// as fitted nominal values

//

// Note : working with the file names, you do not need to perform this

// copy for every occurrence of the dispersion within the model.
// The parameters will be automatically set in all the occurrences
// of the named dispersion present in the destination model.

//

// Current model : update the dispersion

aModell.CopyFormulaParameters (aModell,
aModell [LI_LAYER1] [SI_NONE] [MI_MATERIALl].FullName,
aModell[LI LAYER1] [SI_NONE] [MI MATERIALL].FullName,
true);

// Other models : set optimized starting values

aModell.CopyFormulaParameters (aModel?2,
aModell [LI_LAYER1] [SI_NONE] [MI_MATERIALl].FullName,
aModel2 [LI_LAYER1] [SI_NONE] [MI_MATERIAL1].FullName,
true);

aModell.CopyFormulaParameters (aModel3,
aModell [LI_LAYER1] [SI_NONE] [MI_MATERIALl].FullName,
aModel3[LI_LAYER1] [SI_NONE] [MI MATERIALL].FullName,
true);

end
// We are not on the first execution of the scenario, so we have
// to update the dispersion parameters of the current model and
// exit the scenario with the final judgement
else
begin
// Current model : update the dispersion
aModell.CopyFormulaParameters (aModell,
aModell [LI_LAYER1] [SI_NONE] [MI_MATERIALl].FullName,
aModell[LI LAYER1] [SI NONE] [MI_MATERIALI].FullName,
true);
// Exit from the scenario with the correct judgement
if aModell.Judgement
then Scenario.StopScenario(sesExitGood, 'The modeling is good.')
else Scenario.StopScenario (sesExitBad, 'The modeling is bad.');
end;
//
// This step of the scenario does not have any more actions.
//
d.

2nd

Script

//
//
!/
//
/7
//

va

be

Roughness-Interface selection demo
This step continues with the roughness model execution.

This variable will be used to access the model

r aModel : TPSModel;
// This variable is used to know if we are on the first
// step of a recipe execution
aFirst : boolean;

gin

// Point to the roughness model (step 2 is current)
aModel := Scenario.GetModel (2, 1);

//

// Test if we are on the first execution of the scenario or not
//

aFirst := not (GetGlobalVar ('FirstStepDone'));

if aFirst

// We are on the first execution of the scenario

// Setting the global variable will be done in the last step

// of the scenario, but we have to memorize the Khi2 value,

// then continue the execution and make the final choice

then
begin
//
// Save the Khi2 value of the roughness model for final comparison
//
SetGlobalVar ('Model2Khi2', aModel.Khi2);
// Current model : update the dispersion

aModel.CopyFormulaParameters (aModel,
aModel [LI LAYER1] [SI NONE] [MI_MATERIAL1].FullName,
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aModel [LI_LAYER1] [SI NONE] [MI MATERIAL1].FullName,

true) ;
end
// We are not on the first execution of the scenario, so we have
// to update the dispersion parameters of the current model and
// exit the scenario with the final judgement
else
begin

//

// Current model : update the dispersion

aModel.CopyFormulaParameters (aModel,

aModel [LI_LAYER1] [SI NONE] [MI MATERIAL1].FullName,
aModel [LI_LAYER1] [SI_NONE] [MI_MATERIAL1] .FullName,

true);

// Exit from the scenario with the correct judgement

if aModel.Judgement

then Scenario.StopScenario (sesExitGood,

else Scenario.StopScenario (sesExitBad,
end;

'The modeling is good.')
'The modeling is bad.');

// This step of the scenario does not have any more actions.

//

end.

37 Script

aFirst : boolean;
begin
// Point to the interface model (current step is number 3)
aModel := Scenario.GetModel (3, 1);
//
// Test if we are on the first execution of the scenario or not
//
aFirst := not (GetGlobalVar ('FirstStepDone'));
if aFirst
// We are on the first execution of the scenario
// The variable will now be set for next steps of the recipe execution,
// then make the final choice of best result and best model for next
// steps of the recipe
then
begin

Roughness-Interface selection demo

This step continues with he roughness model execution.
hen, it performs the choice of the best result compared to

T
t

he previous models.

This variable will be used to access the interface model
var aModel : TPSModel;
// These variables are used to read the different Khi2 values

aModellKhi2 : single;
aModel2Khi2 : single;
aModel3Khi2 : single;
aBestKhi2 : single;

// This variable is used to know if we are on the first

// step of a recipe execution

//

// First, indicate that the first step is done

//
SetGlobalVar ('FirstStepDone', true);
//

// Get the Khi2 value of the interface model

//
aModel3Khi2 := aModel.Khi2;
//

// Current model : update the dispersion

//

aModel.CopyFormulaParameters (aModel,

aModel [LI_LAYER1] [SI_NONE] [MI_MATERIALl].FullName,
aModel [LI_LAYER1] [SI_NONE] [MI_MATERIALl].FullName,

true) ;

//

// Retrieve the Khi2 values of previous models

// Step 1 : simple layer model

aModellKhi2 := GetGlobalVar ('ModellKhi2');

// Step 2 : roughness model
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aModel2Khi2 := GetGlobalVar ('Model2Khi2') ;

//

// Optional debug traces to see the calculated Khi2 values
// inside the scenario step summary

//

Debug ('Khi2 - Single layer = ' + FloatToStr (aModellKhiZ2)) ;
Debug ('Khi2 - Roughness = ' + FloatToStr (aModel2Khi2));
Debug ('Khi2 - Interface = ' + FloatToStr (aModel3Khi2));

//

// This is the judgement block where we choose

// the final result by the best Khi2 value and

// set the starting step of the scenario according to the best
// model thus found.

//

// By default, consider the current model as the best one
aBestKhi2 := aModel3Khi2;

Scenario.StartingStep := 3;

// Test if the roughness model gives better results
if (aModel2Khi2 < aBestKhi2) then
begin
// Roughness model gives now the best Khi2
aBestKhi2 := aModel2Khi2;
// We select its result as final result
Scenario.BestResult := 2;
// BAnd select the second model as starting step
// for next recipe steps
Scenario.StartingStep := 2;
end;
// Then, we test the single layer model
if (aModellKhi2 < aBestKhi2) then
begin
// We select its result as final result if the Khi2 value is better
Scenario.BestResult := 1;
// And select the second model as starting step
// for next recipe steps
Scenario.StartingStep := 1;
end;
end
else
begin
// Current model : update the dispersion
aModel.CopyFormulaParameters (aModel,
aModel [LI_LAYER1] [SI_NONE] [MI_MATERIALl].FullName,
aModel [LI_LAYER1] [SI_NONE] [MI_MATERIALL].FullName,
true) ;
// Exit from the scenario with the correct judgement
if aModel.Judgement
then Scenario.StopScenario (sesExitGood, 'The modeling is good.')
else Scenario.StopScenario (sesExitBad, 'The modeling is bad.');
end;
//
// The scenario ends here
//

end.

Example of pre-modeling script:

If a Model includes a multiguess layer (see “Manipulation on a layer” on
page 170), it could be useful to fix this layer thickness before a post-modeling.
The pre-modeling script can fix a thickness value for this layer.

var aModel : TPSModel;
begin

Debug ('Pre-modeling script');

aModel := Scenario.GetModel (1, 1);

aModel[1].SetThicknessDef (FitParamsNominal (true,

aModel[1].Thickness));

Debug ('Data=' + FloatToStr (DataHistory.GetData (0, 'Toto')));

end.
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17 GridEditor

17.1 What is the GridEditor?

GridEditor is a specific feature of the DeltaPsi2 Software. It allows to create and design an
analysis path in a wide variety of substrate formats.

GridEditor is much more than just an editor and designer: it is a complete high precision
mapper for analysis and control process with a high level repeatability control when it is
used with the HORIBA Scientific Systems.

17.2 Starting GridEditor

From the TreeView menu, right-click on the Grids node and choose the simple grid or
complex grid option.

X 4 & B B &
Mat, Acq. sod. Srd. Rec. Tem.

Double-click on the «Grd.» icon from Button Bar

Then select the «Grid» type from the Selection screen:

See Using Simple Grid
chapter page 226

¢ Application Library

x|

Create new grid ...
ol

Simple Grid

Complex Grid

See Using Complex Grid
chapter page 244

X Ccancel |

. Modeling Scenarios
= Modeling Results “
=
L. Recip_ Mew Simple Grid
Mew Folder Mew Camples: Grid
Eopy, Chrl+C [ Mew folder
Paste Zhr{H ! Copy ChC
Delic vl > Acqui Paste ZEr] -
Rename Gieleh W | P Subst  [Delete SR,
Dpen Ctrl+o = Mater Fename Chr|+R
?Ejz a5 Texk CEHT o |- > Samp  Open e
..... P Mode Cpenas Text ZEH T
Export ... chrl+E B | e B Multir  Tools
Impart package .. Ceel+I f | | i P Mode S ChHI+E
Build package ... CtrlH+E M | i P Grids Import package ... Chri+l
— | . > Recip  uid package ... Ckl+B
]
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17.3 Using Simple Grid

Once the Simple Grid choice is selected, the following screen will be displayed:

2 3 4 19 5 6 7 8 9 10 1 12 13 14

EEEE:

er Library

PR
A

Ahat

Sal;:jp I Show points order

Acquisition Routines
Data Manipulation | Edge - 3000 mm  Thickness - 0.725 mm | Diameter = 200.00 mm
2 Substrates
' Materials Zoom level: | x1 “2| ><3| xdl xBl

P Models i
- Grids

- P Recipes

P Report Templates
esults

B Acquisition Data
-l Model Results
> Recipe Results
- Reports

= Application Library

x|

‘L ®=-131 gmm,vz-mme?mn\
Save 5 eAs...| I‘ \

- |\
Monamel.gid
\

[ Current profile : Default \ // /I \ \\
15 16 17 18

Figure 17-1 Simple Grid start-up screen

1 TreeView area 10 Manual grid

2 Current grid name 11 Defined grid using Pattern Recognition

- This feature is not yet implemented -
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3 Color grid setup 13 Points numbering activation
4 Substrate setup 14 Substrate information bar
5 Fixed Circular grid .
15 Save current grid
6 Customized Circular
grid 16 Save current grid using a new name
7 linear grid 17 measurement points information bar
8 Cross grid
18 Defined grid area
9 Cartesian array grid
. Grid Setu
12 Grid setup L P
Color Grid Setup
Click on the @ button to display the following color grid setup:
Grid colors x|
General colors Point color for recipe execution
Background : ~||| Acquisition running NN -
Substrate : - ||| Acquisition correct |:||'|
General orid Edge - ~||| Acquisition error _|'| Grld pOil’ltS color
colors se%u valid points : I -| | Modelisation running [ |- dunng a Complete
p Invalid points : [ - | | Modelisation correct _|'| measurement
Lines : [N - || Modelisation error I - process
AXIS I -
7 « Close

Figure 17-2 Color Grid Setup screen

For each of the listed parameters, a specific color can be chosen. Click on the arrow button
to select a color from a large range of colors. The limit depends on your graphics card.
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General colors

Background :
Substrate :
Edge :

Yalid points :
Invalid points :

Lines :

GridEditor

X

Couleurs

Paoint color for recipe execution

[—1I~|| Acquisition running _|'|
[ 1l=|| Acquisition correct [/~

Acquisition error
Modelisation running
Modelisation correct

Modelisation error

LIl

Couleurs de base :

ErrFErmEm
TN
L Nl ol 1
Il § 8 Rl
I
C 0000 e i

Couleurs perzonnalizées :
F::F::F:::::: Teinte:l?ﬁouge:lﬁ
Satur. :IF Wert lﬁ
DEfinir [es couleurs personnalisees >3 | Couleur Unie || o ;W Bleu:lﬁ

Annuler |

Ajouter aux couleurs personnalizées |

Figure 17-3 Colors range

Substrate Setup

This is, in fact, the first step which must be performed. Clicking on the

display the following screen:

- Substrate setup F x|

@ Grid - Honame2.grd Predefined sub 3

. Subst Stage @ @ / @ R [ |
Set-up Setup s —P + Substrate type - Cir\:ulnr i

Subst. : :
et 1CON will

| Edge = iy} |Thickness =0.725 mm |
Zoom level : [{x 1 x2| :43| x4| xBl

Substrate setup x|

Predefined substrates :

| o

Substrate type : ICircuIﬂr j

Warfer with notch
wafer with flat

Rectangula
Flat/Notch locati|Centered rectang

Diameter :

Edge : I 3.000 mm
Thickness : I 0.725 mm

Save as default | I Close |

¢ Predefined Substrates

Diameter : 200.00 mm
Flat/Notch location : Bottom o
Edge : 3.000 mm
Thickness : 0.725 mm
Save as default | i Close |
; i
1 Pr i substrates :
Substrate type : ¥
¥ length : 200.00 mm
X length : 200.00 mm
X-Y axis switch : [~ Yes
Edge : 3.000 mm
Thickness : 0725 mm
Save as default | [ Close I

Clicking on the arrow button will activate a menu including predefined substrates
shapes. If your substrate shape is not listed, fill the parameters fields described below. If

you will work with the same types of

substrate, read the paragraph “How to build a pre-

defined substrate”, page 242 to create your own predefined substrates formats.

i NOTICE: If Rectangular substrate is chosen, X and Y axis can be switch. This could
be useful for some specific analysis (for example LCD screens)
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* Diameter or Width/Height

Enter the diameter if a circular substrate has been chosen or enter the width and height
size for a rectangular substrate.

¢ Flat/Notch location (if applicable)

The flat or the notch location determines the substrate orientation in DeltaPsi2 accord-
ing to the substrate on the XY Stage.

* Edge
The Edge is the distance between the physical and analysis external limits of the sub-
strate.

¢ Thickness

This is only an information parameter. Enter the substrate thickness. This value will be
recorded with the saved grid.

Stage Setup

The Stage Setup settings allows the user to define a new origin for a motorized Sample
Stage. This is very useful when a non standard sample is used.

@ Grid - Noname1.grd

LA AR e eed
| Edge = 3.000 mby | Thickness = 0.725 mm |

Zoom level I:

Substrate to stage setup

H3|H4IH3|

Offset to stage origin » © |[ILHY mm

Offset to stage origin Y :I 0.000 mm

i Close |_/
s A

y
A New origin: add the X and
Y offset values to the fields

X :
above; all stage movements
will be performed using the
Y  new origin
> x
Table Origin (0,0)
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Fixed Circular Grid
The fixed circular grid generates circular concentric measurement points. The user can
determine all of the parameters excepting the distance between the concentric circles which
is constant and calculated from the entered parameters.
Another specification for this grid concern the points distribution: all of the points are
located on radii.
Click on the icon to display the setup screen:

@ Grid - Honame1._grd ﬂl: !E

. gg?j; ?;8: @ @ /-—F @ Z i’;fp [~ Show points order

| Edoe - 3.000 mm [ Thickness - 0.725 mm | Diarneter = 200.00 rrm

|Znom\evel:m x2| x3| x4| xBI

x| 1
Fixed circular grid
1

2 _> Points number : (169 'I
/', Diameter : 150,00 E mm

3
4

SA

7
e

Grid X offset : 10,00 E mm
Grid ¥ offset - 12.00 2| mm

Angle : WE 2 Angle

 Close |

S

Offset

)

Mapping has 169 points ‘ ¥ =-92,308 mm. ' = 105.080 mm

SaveAs . |

Figure 17-4 Fixed Circular Grid

1 Grid X offset - Grid Y offset

As shown above, the complete grid can be shifted by a constant ordinate (x, y) value.

Enter these values in the appropriated fields.

2 Points number

Choose the number of points to distribute on the grid. Please note that the choice is lim-
ited because the points must be located on radii.

DeltaPsi 2 Software 230



05/20/2016

HORIBA GridEditor

Scientific

3 Diameter

Enter the total diameter of the grid.

4 Angle

The Angle parameter activates a rotation around the center of the grid. Enter the rotation
value in degree. The + and - are accepted.

5 Close

Validate the entered parameters.

6 Information tab

The information tab displays the information relating to the grid:
- number of validated measurement points
- number of out-grid points,
- real time mouse ordinates.
Once the grid has been setup, click on Save As (or Save if the grid has been already named)
to store the grid.

% NOTICE: To modify the grid, click on the icon to display the parameters screen.

"
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Customized Circular Grid
The Customized Circular Grid allows the user to determine completely a circular distribu-
tion of the measurement points. This option is more flexible than the Fixed Circular Grid
seen above. Click on the icon to display the setup screen.
@ Grid - Noname4.grd
_ 2‘;?3.,‘, g'ﬁﬁ @ @ /.,'" T % Z 563,'.:_‘:: [~ Show points order
| Edge = 3.000mm | Thickness = 0.725 mm | Diameter = 200.00 mm
Zoom level: | x1 N2[23|H4[28]
Gridsetus N X YT
| Circular grid
1 :

LR

3—

\ Grid X offset : Im—j mm

Grid Y offset : mg mm
Circles : |—4§
Sectors : liﬂg
Increment : r—ﬂ-g
Diameter : mﬂ mm
Angle : IWEI =

%
5 X
Bl Close |
6 1
7
8
\* Mapping has 81 points | X =-46.661 mm, Y = 105.782 rmm

Save I Save As ||

Figure 17-5 Customized Circular Grid

1 Grid X offset - Grid Y offset

As shown above, the complete grid can be shifted by a constant ordinate (x, y) value.

Enter these values in the appropriated fields.

2 Circles
Enter the number of circles to set. The first measurement point is the center of the grid.
NB: This point is of course not considered as the first circle.

3 Sectors

The number of sectors determined here is the number of sectors of the first circle.
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4 Increment

The Increment parameter set the added measurement points for each additional circle.
For example, on the figure above, the first circle has 8 sectors (8 measurement points),
the second circle has 8 (sectors) + 8 (Increment) = 16 sectors (16 measurement points).
The third circle has 16 (sectors of previous circle) + 8 (Increment) = 24 sectors. The
same calculation is applied for the other circles.

5 Diameter

Enter the total diameter of the grid

6 Angle

The Angle parameter activates a rotation around the center of the grid. Enter the rotation
value in degree. The + and - are accepted. (see the figure 17-4)

7 Close

Validate the entered parameters.

8 Information tab

The information tab displays the information relating to the grid:
- number of validated measurement points
- number of out-grid points,
- real time mouse ordinates.
Once the grid has been setup, click on Save As (or Save if the grid has been already named)
to store the grid.

% NOTICE: To modify the grid, click on the icon to display the parameters screen.

L

Line Grid

The Line Grid allows the user to build a grid on which all of the measurement points are
located on the same segment of line.

Click on the icon to display the following setup screen:
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@ Grid - Noname4.grd

1 \Gliquﬁse’t: [11.00] gmm

ST .
g:m ?Lﬁ'ﬁ’; @ @i <I—’ soss : si;:fp [~ Show points order

| Edge = 3.000mm |Thickness = 0.725 mm | Dismeter = 200.00 mm

Zoom level : | x 1 12|x3|x4lx8|

EETEE ] )

' _ Linegrid |

Grid ¥ offset : 18.00 3] mm

2 ‘ .
——». Points number : 7 g
3 — P} Line length 100.00 2] mm
Angle : 55.00 (3 "°
I Close |
/ -
%
S X
6
Mapping has 7 points | % =-155.032 mm, ¥ = 105.353 mm

Save I Save As ... “

Figure 17-6 Line Grid

1 Grid X offset - Grid Y offset

As shown above, the complete grid can be shifted by a constant ordinate (x, y) value.

Enter these values in the appropriated fields.

2 Points number

Choose the number of points to distribute on the line grid.

3 Line Length

Enter the total length of the line grid.

4 Angle

The Angle parameter activates a rotation around the center of the line grid. Enter the
rotation value in degree. The + and - is accepted.

5 Close

Validate the entered parameters.
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6 Information tab
The information tab displays the information relating to the grid:
- number of validated measurement points
- number of out-grid points,
- real time mouse ordinates.
Once the grid has been setup, click on Save As (or Save if the grid has been already named)
to store the grid.
% NOTICE: To modify the grid, click on the [£}8] icon to display the parameters screen.
Cross Grid
The Cross Grid allows the user to build another specific grid pattern. This is an extension
of the line grid in the sense that two perpendicular segments of lines are created and each of
the segment can be set separately.
Click on the icon to display the following setup screen:
@ Grid - Noname4.grd nu !E
9 gg?&é g;ﬁ; @ @ /@ I’% Z Ssgl;luc:j [~ Show points order
| Edge = 3.000 mm ‘Thmkness = 0.725 mm | Diameter = 200.00 mm
Zoom level: | =1 x2| H3| x4| x8|
crdseton x| YT
1 Cross grid

 Grid X offset - | 15.00 3] mm
Grid Y offset: | 9.00 3] mm

* Points number : IE]—E

X length : IWE mm
Y Points number : I—EE

¥ length : lm@ mm
Angle : IWE B

\\ b rd Y

%
X
i Close
6
7
8 . :
\» Mapping has 13 points ‘ x=7709mrm,. Y = 102355 mrm
Save As ..

Figure 17-7 Cross Grid

1 Grid X offset - Grid Y offset

As shown above, the complete grid can be shifted by a constant ordinate (x, y) value.
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Enter these values in the appropriated fields.

2 X Points number

Enter the number of measurement points to set on the X axis of the Cross Grid.

3 X Length

Enter the total length of the X axis segment of line.

4 Y Points number

Enter the number of measurement points to set on the Y axis of the Cross Grid.

S Y Length

Enter the total length of the Y axis segment of line.

6 Angle

The Angle parameter activates a rotation around the center of the Cross Grid. Enter the
rotation value in degree. The + and - are accepted. (see the figure 17-4)

7 Close

Validate the entered parameters.

8 Information tab

The information tab displays the information relating to the grid:
- number of validated measurement points
- number of out-grid points,
- real time mouse ordinates.

Once the grid has been setup, click on Save As (or Save if the grid has been already named)
to store the grid.

Set

i NOTICE: To modify the grid, click on the G”Lf": icon to display the parameters screen.

Cartesian Array Grid

The Cartesian Array Grid has been developed to regularly distribute the measurement
points on a substrate or a part of substrate. The grid can exceed the substrate without any
problem: the software automatically adapts the grid to the substrate limits. The information
bar explains the number valid measurement points and those which are outside the sub-
strate.

Click on the icon to display the following setup screen:
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@ Grid - Noname4.gid

. i gm g;ﬁ @ @ .‘),/' v_{‘_\w-kg: :;; Sserl;:.‘:: I~ Show points order
| Edge =3.000 mm | Thickness =0.725 mm | Diarneter = 200.00 mim
Zoom level : | x1 RZ] n3| x4| xBI
1 Cartesian array grid e i R
T~ Gridxofiset: | 0003 mm | . =
2 | Grid Y offset: | 0.00 2| mm 2 TR
Tl % jength - [ 210.00 2] mm 8 : .
33—y length : I 200.00 m mm R .
4 __pw| X distance : 10.00] Emm .
/'r Y distance : l 10.00 E mm I ¢
5 Points order: & by row
’ ¢ by column I :I}
6 /y ¥ Close | 1 .
d . LA
8 L L L - L - - L L L - L - L L L L ® L L .

Mapping has 441 points [148 points are out of board | ¥.=-88.501 mm. Y = 106.638 mm

| Save ISave&“

Figure 17-8 Cartesian Array Grid

1 Grid X offset - Grid Y offset

The complete grid can be shifted by a constant ordinate (x, y) value.

Enter these values in the appropriated fields.

2 Xlength

As the points distribution is rectangular, enter the total X length value of the grid.

3 Ylength

Enter the total ¥ length value of the grid

4 X distance

X distance is the distance between each measurement on the X axis.

5 Y distance

Y distance is the distance between each measurement on the Y axis.

6 Points order

The points order parameter activates a row or a column points distribution.
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7 Close

Validate the entered parameters.

8 Information tab

GridEditor

The information tab displays the information relating to the grid:

- number of validated measurement points

- number of out-grid points,

- real time mouse ordinates.

Once the grid has been setup, click on Save As (or Save if the grid has been already named)

to store the grid.

i NOTICE: To modify the grid, click on the icon to display the parameters screen.

Manual Grid

The Manual Grid is the most versatile grid building procedure. Each measurement point

can be determined manually.

Two ways are offered to build the grid; the first method positions the points using the
mouse, the second method uses a table where each point is set manually.

Click on the icon to display the setup screen.

* Building Grid using the mouse

First, close the parameters screen displayed over the main screen:

& Grid - Noname1_grd

Subst
setup

@ @ /—F @Eﬁ Si’;‘\fp I~ Show points order

| Edge = 0584 mm  Thickness = 0.675 mm |

oridsetn |

User defined grid

Grid X offset: [T 2 mm
Grid Y offset : 0.00[2] mm

Insert

Update

Add

X
N

Delete Delete all
Point] X (mm) [ (mm) _|

Add from file | &

= 0.000 | mm
: 0.000 3| mm

Close the screen

« Close |

Yk

A grid can be then built manually using the mouse. The figure 17-9 shows how to
manipulate the mouse to create a grid.

DeltaPsi 2 Software

238



05/20/2016

HORIBA GridEditor

Scientific

@ Grid - Noname1.grd EZ ME R
subst St | e e e S &rid ;
9 e 53'5’?; ‘@ @ P == Seip | Show points order
| Edge = 3.000 mm | Thickness =0.725 mm | Diameter = 200.00 mm
Zoom level : | x1 le x3| x4| nSI
Y7

@ Ctrl-Click to create this third point

(1) Ctri-Click to start [,
and create the first point 3
\ @ Ctrl-Click to create the second point

- Alt-Click will remove any aimed point M/ouse DTG

- Click and drag any point to move it

Mapping has 3 points | I ( X =12.897 mm, ¥ = 4,644 mm )
L 5 ‘Selamad point (3 =17.997 mm. ' = 4644 mm) S———o—

Figure 17-9 Build Grid using a mouse

i NOTICE: The grid can also be modified using coordinates listed in a table. To open

this feature, click on the si;‘fp icon to display the parameters screen. Next paragraph
explains how to use the table.

* Building Grid using the table

This procedure uses the table displayed once the Manual Grid is launched. This table
lists the points coordinates and the grid offset. A measurement point can be added,
deleted, moved from this table. The procedure below describes how to create a grid.

1 Grid X offset - Grid Y offset

The complete grid can be shifted by a constant ordinate (x, y) value.

Enter the offset values in the appropriated fields ( 1 ).

If the substrate is blank, the X and ¥ fields ( § ) display the (0.000, 0.000) coordi-

nates which correspond to the center of the grid which is the point of reference. To enter
the first measurement point, enter the coordinate in the X and ¥ fields then press on Add

2 button to validate. The same procedure can be followed to enter any points as nec-
essary for the analysis.

4 Ifa point needs to be modified, just highlighted 6  the coordinate with the mouse,
then enter the new values in the X and Y fields. Click on Update button 4 to validate
the changes.
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To insert a measurement point, highlight the underneath point then enter the new
coordinate values then click on the Insert button.

The figure below shows an example of Manual Grid editing layout.

@ Grid - Noname1_grd nu !
| lsubst Stage | | @ : SR e Grid 5
. Setup Setup @ @ Z ’—'—’; SR Setup [~ Show points order
i Edge = 3.000 mm ‘Thicknr—.-ss =0.725 mm ‘ Diameter = 200.00 mm
1 Zumlevd:m %2\ 3| x4 xBI
Cridsetwe Ed XT
| Userdefinedgrid

Grid X offset - 12.00| 2| mm
Grid Y offset : 22.00 2] mm

Update

1 % 18.000 %! mm
Yy 12.000 %] mm

/Q{Iela | Delete all |

0.000
6.000
9.000

| oint] X(mm) [ ¥ (mm) |
1
-2 1
3

A 18.000] 12.000]
Lt

0.000
18.000
2.000

A
i

Add from file ... | Save tofile ... |

+ Close

/\/E

Offset

=

Mapping has 4 paints ‘

I X =-13.062 mm, Y = 73.367 mm

Save ! Save As ...| Selected point < = 30000 mm, ¥ = 34000 mim)
L5 A

Figure 17-10 Manual Grid using table

Modifying an existing grid

Any grid which has been created can be modified using the following procedure:

* From the Grids node located in the TreeView (User Library), double-click on the grid
file which must be modified. The grid is automatically displayed.

¢ Click on the Manual Grid icon. A pop-up message is then displayed: click on
YES button to keep the grid (see the screen below).

] Confirm

\?/- Do vou wank to keep the actual grid points 7
4

x|
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Method using the mouse
Close first the parameters screen.

Using the mouse, it becomes easy to modify any points of the grid: just click on the
point and drag it on the area. The cursor coordinates are displayed on the information
bar.

4 This method is so flexible that a point which is outside the substrate can be moved
inside. This is useful to validate a point located very close to substrate.

The following figure shows an example:

Method using the parameters screen

Here below is an example of a previously created grid. As shown below, the parameters
screen includes a table which lists the coordinates of all valid points of the substrate.

@ Grid - Nonamel.grd D BEE

O EEee "+t

| Fixep ) .

| Edge = 3,000 mm [Thickness = 0.725 mm | Diameter = 200.00 mm

Znnmlevd:m xZ] %3] x4 xBI
Grd setue = i

User defined grid & W e s s s o &

Grid X offset : 0.00 2| mm - e e
Grid ¥ offset : 0.00 2| mm 4 "

Al

&rid -
i I~ Show points order

a

d

®:[ -85.000 2] mm
| 70.000 2| mm

=

Insert

Update

Delete Delete all |

Point] X(mm) [ ¥ (mm) []
349 -80.000 25.000
350 -85.000 25.000
351 -85.000 20,000
352 -80,000 20,000
353 -75.000 20000 i
354 70,000 20000 &
355 -65.000 20.000
356 -60.000 20.000
357 -55,000 20.000
358 -50,000 20.000 -

Add from file ... | Save tofile . |

 Clase m |

AR TR0 S ) I O
=]
.

Mapping has 1015 points |329 points are out of board H=-51.379 mm, = 79245 mm

Save I Save As . |Se|e|:ted point (< =-85.000 rrm, ' = 70,000 mm), out of board
Figure 17-11
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Using the mouse, if a coordinate is selected on the table (parameters screen), the related
point on the substrate will be immediately highlighted.

Once the point to modify is found, enter the new coordinate in the fields labeled X and
Y, then press the Update button. The new coordinates of the point are now modified and
listed in the table. The same procedure can be then performed for any other point.

As shown on the figure nearby, the same procedure can
be used to insert a new point.
User defined grid

T oo<mm | . . »| The Delete and Delete All button is easy to use to de-
l il . .
GrdYoset: [ 000[2jmm | * lete a point or delete all the grid.

A

x

a

d

10,000 2] mm The Save to file... feature allow the user to save the co-

Insert xfl =
Copmoe] " TG ordinate points to .SCV format (Microsoft Excel).
T ‘::m) | v:m:) The red Up/Down Arrow located near to the table are

476 -15.000 5.000

a7| 20000 5000 used to move a point inside the table. It is then possible
478 -25.000 5.000 . . . .
@3]  anooo 5000 % to modify the analysis priority order.

_I%I The Add from files... feature is useful to load a grid

. T T which has been previously prepared from Microsoft

[l o o Excel or any simple text editor like notepad. Using a

s S| text editor, it is mandatory to keep the syntax and mod-
SR | ify the extension to .SCV.

Here below is an example of the syntax to use:
-50.000,50.000
-40.000,50.000
-30.000,50.000
-20.000,50.000
-10.000,50.000

etc....

How to build a predefined substrate
From the Substrate Setup screen, we have seen that a predefined substrate can be selected.
In this chapter we will learn how to create your own predefined substrate.

i Caution: do not change any parameters excepting those defined in the pro-
cedure below.

» Exit the DeltaPsi2 software (if still running).

¢ Run the Windows® Explorer program (delivered with the Windows® operating system)
and double-click on the DeltaPsi2.ini file located in the DeltaPsi2 folder. The DeltaPsi2
configuration file is displayed in edit mode.

* In the configuration list, find the header [DefaultGridSubstrates],

¢ Next line the parameter Count=11 is displayed. The value (here 11) is the total num-

ber of predefined substrates which will be listed. Once the appropriate value has been
entered, all of the predefined substrates will be edited.
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P DeltaPsi2.INI - Bloc-notes
Fichier Edition Format Affichage 7

=8l

CmdLine0=NOTEPAD. EXE

cintionTacale General header
A1 TowFilel=0 .

R PaT ce AL B / Number of listed predefined substrates
[DefaultGridsubstrates]

Count=11

Nage0=2 inch waf$r w/;1at (M1.1-832)

substrateTypel=Flatwafer .

SubstrateHed ght0=50. 80 List of parameters to define for
substratewidtho=50.80

Thicknasso=0. 279 one substrate
Edge0=0. 584

FlatDiameter0=49,53

Mamel=200 mm wafer w/notch (M1.9-0699)
substrateTypel=nNotchwafer

SubstratedHeightl=200.00

substratewidthl=200.00

Thicknessl=0.725

Edgel=0. 534

FlatDiameterl=0.0

Mame2=200 mm wafer w/flat (M1.10-0699)
substrateType2=Flatwafer

substrateHeight2=200.00

Substratewidthz=200.00

K1

i 7

* On the screen displayed above, it is easy to determine the syntax used to define the sub-

strate parameters.
The required syntaxes are listed below:
Count=[number of listed predefined substrate]
NameN=A [unit] [user general information|
(N is an incremented value from 0 to Count-1)
(A is the size of the substrate)

SubstrateTypeN=FlatWafer or NotchWafer or Cicular or Rectangular

(N must be the same as for the Name parameter)
(Notice: W must be in capital letter)
SubstrateHeightN=[value]
(N must be the same as for the Name parameter)
(Value must be in millimeters)
SubstrateWidthN=[value]
(N must be the same as for the Name parameter)
(Value must be in millimeters)
ThicknessN=[value]
(N must be the same as for the Name parameter)
(Value must be in millimeters)
EdgeN= [value]
(N must be the same as for the Name parameter)
(Value must be in millimeters)
FlatDiameterN= [value]

(N must be the same as for the Name parameter and the value

must be set to 0.0 for any substrateType other than FlatWa-

fer)

Once performed, select the Save choice from the File Main Menu.
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17.4 Using Complex Grid

From the TreeView menu, right-click on the Grids node and choose the complex grid
option.

odeling Scenanos ||

>Em

» Recip Mew Simple Grid

Hew Complex Grid

Hew Folder

Copy. CtrC
Paste bl
Delete Diel

The following screen will be then displayed:

1 2 3 4 5 6 7 8 9

i

vl —

3ed 0 X

L&
x] @

GER| T E| ks qE
| :

Grid ] 2

= W User Library ‘ Subst. Stage ‘ Grid definition @ Manual Show dies coordin
> Agguisition Routines Setup Setup using P.R. grid definition [~ Show points order
=-I> D Manipulation Eddge = 3.000mm  Thickness = 0.725 mm | Diameter = 200,00 mm
® : a‘::::i’:l‘:s Zoom level : | x 1 n2|x31 HI xsl
P> Models YT
B Grids pu
> Recipes -
P> Report Templates
Results
P> Acquisition Data
P> Model Results
> Recipe Results
= B> Reports
= P> Application Library

m
-l

% =-118.140 mm, = 28.247 mm \

@ @ ) @

Maonamel.ard Moname2.ard Noname3.ard Nonamed.gn

| currentprofie : Defautt [/ / o~ \ \

10 11 12 13

Figure 17-12 Complex Grid start-up screen
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TreeView area
Current grid name
Color grid setup
Substrate setup

N B W N -

Stage setup

6 Defined grid using Pattern Recognition
- This feature is not yet implemented -

7 Manual grid definition

Color Grid Setup

GridEditor

8 Points numbering and dies coordinates
activation

9 Substrate information bar

10 Save current grid

11 Save current grid using a new name
12 measurement points information bar

13 Defined grid area

Click on the button to display the following color grid setup:

X
General colors Point color for recipe execution
Background : Acquisition running I |-
Substrate : I:Hvl Acquisition correct I:Il'l
) Edge : I:H-l Acquisition error _Ivl Grid pOiIltS color
General gnd Valid points : I -|| Modelisation running [ |~ during a Complete
colors setup Invalid points : _\'l Modelisation correct _|'| measurement
Lines : [ -|| Modelisation error I - process
Axis I -
Die colors
. Border : I -
CQIOI‘_S Settll’lg.s for Selected die : | —
Dies information Unmeasurable dies: [/~
Measurable dies - [
7 " Close

For each of the listed parameters, a specific color can be chosen. Click on the arrow button
to select a color from a large range of colors. The limit depends on your graphics card.
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x| .

General colors

BA GridEditor

Point color for recipe execution Eouleurs de base

Background : [_—_1I~|| Acquisition running _l'l
Substrate : [——1|-||| Acquisition correct [::]l'l AR - s}
L Bl il § |
Edge : |[:]|%¢cqmsmun error I - ErNEEEEEE
Valid points : ;=||E|= Modelisation running [EEEEN - | | N N OO I I N B I
Invalid points : [ W Modelisation correct _|'| NN .
Lines : |![!|!= Modelisation error [N |~ | | Couleurs personnalisées :
Aois : ot} F I': I': l': I': I': F F Teirte : |2_ Fouge : 212
=1 I
Die colo = Satur. l? Wert : lﬁ

DEfinir [es couleurs personnalisees >3 | Cauleur IUnle Lum. _|194 Bleu: |2DD

Annuler | Ajouter aux couleurs personnalizées |

Figure 17-14 Colors range

Substrate Setup

This is, in fact, the first step which must be performed. Clicking on the :iﬁ icon will

display the following screen:

@' Grid - Noname1.grd

Manual
. ‘ Sefup Soznq: @ grid definit
| Edge - 3.0

Substrate setup 1' B
Predefined substrates :

Substrate type © [{U VTR RiEE\ =
Diameter : I 20000 mm

Flat length : I 0.00 mm

Flat diameter : I 200.00 mm
Flat/Motch location : IBnﬂnm vl |
Edge : | 3.000 mm |

Thickness : I 0.725 mm

¢ Predefined Substrates

Clicking on the arrow button will activate a menu including predefined substrates
shapes. If your substrate shape is not listed, fill the parameters fields described below. If
you will work with the same types of substrate, read the paragraph “How to build a pre-
defined substrate”, page 242 to create your own predefined substrates formats.

* Diameter or Width/Height

Enter the diameter if a circular substrate has been chosen or enter the width and height
size for a rectangular substrate.
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¢ Flat/Notch location (if applicable)

The flat or the notch location determines the substrate orientation in DeltaPsi2 accord-
ing to the substrate on the XY Stage.

* Edge

The Edge is the distance between the physical and analysis external limits of the sub-
strate.

¢ Thickness

This is only an information parameter. Enter the substrate thickness. This value will be
recorded with the saved grid.

recorded with the saved grid.

Stage Setup

The Stage Setup settings allows the user to define a new origin for a motorized Sample
Stage. This is very useful when a non standard sample is used.

@ Gnd - Honame1_grd
Subst Stage hdand

. Setup Setup qrid d

' | Edge
Substrate to stage setup ki

Oftset to stage origin X : I].I]I]I] mm
Oftset to stage origin Y :I 0.000 mm

iH Close |

—_—
y
A New origin: add the X and
Y offset values to the fields
X :
above; all stage movements
will be performed using the
Y  new origin
> x
Table Origin (0,0)

Grid Definition using Pattern Recognition Feature
This feature is currently implemented in the Software
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Manual Grid Definition

. . . . . Il |
To set manually the grid on a substrate which contains dies, click on the but-

ton. The screen shown below is then displayed.

[Decmacimin e
Dies | Faints | Zoom level : I x1 & 2I %3 % 4I %8 Select all dies I Select no dies
Automatic setup... | Add new die... | Femove selected dielz] | ¥ T
Die | Addiess | Pasition | Size |
iy
X

| x Cancel |

There is 2 choices to create dies on the substrate:

¢ Automatic Setup: The wizard will create automatically the dies according to the sizes
entered by the user,

* Add new die: the user can add a die everywhere on the blank substrate or on an already
dies defined substrate. In this case, the software verify that this new die will not overlap
another already on the substrate.

® Automatic Setup
1 Click on the Automatic Setup button. The following pop-up screen will be displayed:

x| Origin Die starting offset: the substrate is considered as
B the reference scale on which dies can be positioned. The
# Mm@ = | Offset coordinate (X, y) fine tunes the dies on the sub-
v. [ 1om mm || strate. The defined offset will be always the left bottom
Dis Size corner of the origin die. To define the origin, enter the co-
it | 0 me || ordinate according to the xy axis.
L | am mm || PDie Size (Width and Height): The Size of elementary die
Gap betusen dies must be entered in the Height and Width fields.
- | 1% m | Gap between dies: enter the X and Y gap between the
i [ 0m dies,
e Allow incomplete dies: on the external edge of the sub-
_ Xcares | strate, some dies are incomplete. Check on to see incom-
plete dies.

Click OK to validate: the values will be saved for a further

Notice: any changes are immediately effective on the graphic representation.

DeltaPsi 2 Software 248



05/20/2016

HORIBA GridEditor
Scientific
Select the dies on which measurement points will be applied.
Figure 17-15 shows and explain how to select the dies on the substrate.
Click on each die Click on each die )
to select one by one or drag over to select one by one Select all dies
the list to select several at once
L ‘e Grid definition x|
x | Points I Zaoom level : Select all diss I Select no dies
lnmatic“s‘gt.l...lg Add new die. | Femove selectedidiefs] | ¥ T
i Address | Position | Size
1 [-3.4] [-30.00, 70.00] [10.00, 20.00) Azl 4041424
2 [-2.4] [-20.00, 70.00) [10.00, 20.00)
3 [-1.4) {10000, 70.00) [10.00, 20.00)
E (0.4] [0.00, 70.00) [10.00, 20.00) o3f<2 31300341315 £ 5155
5 1.4] [10.00, 70,00 [10.00, 20.00)
E (2.4] (20,00, 70.00) [10.00, 20.00)
T [-6.3) [-60.00. 50.00) [10.00, 20.00) 22 E A2 L2122 425X 62102
] 53] [-50.00, 50.00) [10.00, 20.00)
9 [-4.3] [-40.00, 50.00] [10.00, 20.00)
10 [-3.3) [-30.00, 50.00] [10.00, 20.00) 81 1 B i R SR e A SIS T8
a5 [-2.3) [-20.00, 50.00) [10.00, 20.00)
2 G4 (I L) {10 2000 -9 01-80]-¢,0}-5.0]-5.01-2.0)-2.0)-2 0} -1.0p 0.0 1 0f2 020 s 0 s o) sn ] 7.oen .
13 (03] [0.00, 50.00) [10.00, 20.00) LI £ £ til pt A = ; Gl g - s = . P & X
(-8 T - e -5 - 4 -3 -2 <1 = 0 -1 -T2 - 2 -1 4 -1 5 -1 8 -1 T -1 8 -1
e e de du A Aoy A sliiol sl ola sl ole 2ol 7 )
FE -5 -4 -2 -F-2 -1 -J0,-3 1 -3)2.-2|3 -2} 4 -2]5 -2
it S50 SRR LRV R I R
| ./ oK x Cancel

Figure 17-15 Dies distribution and selection

Once the dies has been selected, they become active to receive the measurement points.

Click on the Points tab to display the measurement grid editor on each die.

Die Grid definiti

Dies Paints

Zoomlevel: | x1 =%2| x3| 24| % BI Selzct all dies | Select no dies

: Apply to zelected diefs] | Apply to all dies | X T

Points Setup |}

galaales)eolianl s 29l 1.2 02| 12)22 32 a5} e a8 2] 72

.1 H| ] R R | R E-R | MR RN REE A CRR FRA CRR R Al R

o .0f-80f-7 0f-5.0]:5 0l -4 )2 o) ol 1o vo} riolz ol 2ol sufsnlen)rolen

>

I W) ] o o P RN S W (VR TR i ] R R ER) S

FE-A-T 38 35 -4 A3 - 42 A1 -A0,-2|1,-2{2 2|3 -2)4.-2|5.-2) 6 -2} 7.2

x|

[R:3 B-it EERR: Kee St B {eic] b PLc] peae] (el O] fSGel

¥=-3.353 mm, ¥ = -0.294 mm

‘ « 0K

X Cancel |

Figure 17-16 measurement points selection

DeltaPsi 2 Software 249



05/20/2016

HORIBA GridEditor

Scientific

Select or correct the selected active dies. The measurement grid can be now created.
Using the mouse

YT
Select this die
bzl daah alzalza /
,/ OR
o B Bl B S B n313;;3;4eﬁ5,3
sAsds e A Az 4 ozl 2le 2l 2|az)52l62]7 2 / any other dies
adbz ks afsatastzabe o hafeafaalaals g _u-err/
1]
sdadzdedsdedadzodooh ofzofolaolsnlealr olaalsn —
X

Each die can be setup with a different measurement grid: this action must be done in
several step. See

Two ways are offered to build the grid; the first method positions the points using the
mouse, the second method uses a table where each point is set manually.

¢ Building Grid using the mouse

A grid can be built manually using the mouse. The figure 17-17 shows how to manipu-
late the mouse to create a grid.

- =
Dies  Paints | J Zoomlevel: | k1 #2| w3 x|l Select all dies I Select no dies
‘Faints Selupél Clear points | Apply bo selected disl<1 [P Ill YT

YT Ctrl-Click to create
this third point it o A B W

<8, 3)-53)-4 33 302 3)-1 3 0 2 pa a2 e aa e a sl

@ Ctrl-Click to start

and create the first point
B2NF 218 26 A 3 2 A FE 2 212 2 L A2 A2 IS 2 e AT

ol afsal-aafa 2.4 -1 o f ezl s s el vl e

-5.0]-8.0]-7. 05 0] -0 -4 o2 o201 o oo 1o f2 o) 2o a0 S0 e0| T ED

x|

BN E A S| S| e SRR e Sl S Rt REERA | ! R | ! e E

Ctrl-Click to create
the second point

ko7 -As-Fs-Fa-Fade-F1 o2 22 2|2 2|2zl =le 2| 7 =2

? H6,-3-6 -4 33 -3 2 -1 -30,-3] 1 -3]2 -3 3 -3 4,-3]5.-3
*=0.941 mm, Y = 20471 mm
- Alt-Click will remove any aimed point
Selection: X=1.706 mm, =517 mm - Al-LIICK will remove any cd po
| TR " - Click and drag any point to move it

Figure 17-17 Building a grid

* Building Grid using the table

Click on the Points Setup button to display the Grid Setup table. This table lists the
points coordinates. A measurement point can be added, deleted, moved from this table.
The procedure below describes how to create a grid.
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1 If the substrate is blank, the X and Y fields display the (0.000, 0.000) coordi-
nates which correspond to the bottom-left corner of the grid which is the point
of reference. To enter the first measurement point, enter the coordinate in the X
and Y fields then press on the Add button to validate. The same procedure can
be followed to enter any points as necessary for the analysis.

2 If a point needs to be modified, just highlight the coordinate with the mouse,
then enter the new values in the X and Y fields. Click on the Update button to

validate the changes.

3 To insert a measurement point, highlight the underneath point then enter the
new coordinate values then click on the Insert button.

The figure below shows an example of Manual Grid editing layout.

B . S
Dies  Points | Zoom level: | k1 % 2| % 3| ® 4| % 8| Select all dies | Select no dies
Faintz Setupl Clear points | Apply to zelected die[s]l Apply to all dies | YT
vt x|
User defined grid <1alosfre]ze
¥ 6.000 5 mm 13031323 s34l a3
Insert ad
] R 14.000 || mm
Update =
i 12102 1.2)22] 22 22]52] 8272
Delete | Delete all |
Point| X(mm) | Y (mm) | 1l otz anlarlzaler)zalza
1 1.000 1.000
2 1.000 3.000
10100 1.0)20020)40]50)60]7.0)20 e
3 3.000 3.000 X
4 6.000 6.000
5 6.000 8.000 ﬂ U F ) EIRET B SRR TR RN E- AR B
6 6.000 10.000 ﬁ
7 6.000 12.000 1,-40-2]1,-2|2 &) 2 -2] 4 -2|5 -2|5.-E| T -&
8 6000 ERILITI]
ety
X 14021222 -5l a2 a afs
w4 =-0.058% mm, v =21.176 mm
8 points Add from file ... | Sawve to file .. | 1.-40-4]1 2|z -4
Selection :X=6.000 mm, ¥'=14.000 rmm
I Close |
v OK | x Cancel | =

Figure 17-18 Die grid manual editing

¢ Results preview

Click on the Apply to die or Apply to All button to visualize the results on the substrate

layout (see figure 17-19).

1 Once the measurement points and the dies grid have been correctly set, press the OK
button to validate and exit the setting procedure. The screen displays the created grid.

Once the grid has been setup, click on Save As (or Save if the grid has been already

named) to store the grid.

L

% NOTICE 1: The grid defined on each die can be different from another.

4 NOTICE 2: a saved grid can be edited later, for example to change dies points.
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Do not forget to apply the grid to the selected dies

Die Grid definition E x|
Dies  Foints I Zoom level: | 11 #2| #3| x4 xSI Select all dies | Select no dies
Pointz Setup | Clear points ;Apuly to selected diefs)| Apply to all dies | Y T
Yli
adlzaladoafafza
il
146,3]<5,3]<4,31-3,3}<2 3F<1. 30 0,34 1,342 3{: 3314353
aolaolsa|solanl sl aalaafnzf 2tz 2zl azls 2 s 2] v
. . .
SSA)E AT AlE A s A -2 e p 0 e T 2 @ PSS e T e
. . .
-8,01-8,0]-7.0}-5.01-€.0]-2.0f-2.0} 2.0 1.0f 0.0 1.0 20 20 £0 S0 &0 7.0 80 =5
X
3
(9 -TE T 15 1S -4 <3 12 = =0 01121 2 1] 415 -1 B -1) 7 -1 B -1
FE-A-7 -8 -3 -A4-A2 -3 A1 -A0-211-2{2 2|3 -2 4 -Z|5.-2|8,-2| 7 -2
—3
X ge A ds Ao Ay Anabs afa alsals als )

XK =12529 mm, ' = 2.000 rm
3 points F3-4-7 414041 -4]2 4]

Validate the measurement grid on the selected dies

Figure 17-19 Dies grid results - example 1

On the same substrate, each die can be link to a new measurement grid. Just repeat the
procedure from step 2: “Select the dies on which measurement points will be applied.”
on page 249. On the example below different measurement grids have been assigned to
dies.

On this example, some dies receive different measurement grids

Die Grid definition i x|
Digs  Points | Zoomlevel: | x1 #2| #3| x| u8 Select all dies | Select no diss |
Faints Setup | Clear points Apply to &l dies | YT
YT
i 2

38|z af1 8| oa)14f 24

S Boc] Boic) Bci] Rocte] B ] Mol BB et Bolicl B Bl
Py

gzl 7zl 2| B2 a2 Be| -2z 12| me| 12| | az]az]s 28] T2

e

elatlerler]rilan
5ot

Bl o) Er] R0 B R

-G.0)-8.0)-7.0)-5.0)-5.0)-4.0)-2 0 -2, afzofsofsolentTolan

x|

5 A R
R o ) R 8 L M S S BT R S R R ) PR

BT A8 -A4-A3 -2 -1 -A0,-211,-212 2| 3,-2| 4,-2|5.-2|6.-2| 7.2

A

ey
X

o~ -4 -3 -2 -1 - 0-3) 1 -3)2 -2 23] 4-3] 52

#=-6647 mm,. % = 16528 mm

E points 340 414041 -2l 4

| & OK | x Cancel
Figure 17-20 Dies grid results - example 2
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® Add new die ... feature

On a new or an existing substrate, a die can be added everywhere on the substrate area
with the exception of an already positioned die.

¢ Procedure:

1 Click on the Add new die.. button, a die properties pop-up screen will be dis-

played.
Die Grid definition e - X
Dies |F'0ints| Zoom level: | x1 # 2| " 3| bl 4| " 8| Select all dies | Select no dies I
Automatic setup... Add new die... ove selected digfz] | ¥ T
Die | Address | Paoszition | Sizi | -
x
 Die address
Columr; IE R I il
[~ Check die address
— Die position [bottom-left comer] L
# I 0.00 mm i I 0.00 mm X
— Die size
“wfidth: I 0.00  mm Height: I 0.00  mm
¢ QK x Cancel |
¢ ak x Cancel |

2 Enter the values of the displayed parameters:

Die address: it concerns the SEMI regulation. Ignore it if you do not know what
it means. The checkbox «check die address» verify if the entered address is
unique,

Die position (bottom-left corner): enter the coordinate (X,Y) of the bottom-left
corner of the die,

Die size: enter the size of the die

Click OK to validate; the new die will be automatically positioned on the sub-
strate.
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18 Recipe

The Recipe feature is the most powerful feature of the DeltaPsi2 Software. Using this
feature, you will be able to perform the following measurements:

* Immediate Analysis Recipe

The fitting process is performed on the current point using a specific acquisition routine
with a specific model. This automated process can be recalled and the results saved into a
file.

* Mapping Recipe using a defined simple grid
In this case, the fitting process is performed on a grid. On each processed point of the
grid, it becomes possible to apply a specific acquisition routine with a specific model.

The fitting process can be automatically performed point by point on a user predefined
order: by incremental points coordinates or by incremental points groups.

* Mapping Recipe using a defined complex grid

The fitting process is performed on points located on dies which constitute the Complex
grid. As the Complex grid can be defined with various measurement points on the dies,
the Mapping Recipe can be performed, by groups, on these measurement points. The
chapter will describe the various analysis combinations.

18.1 Immediate Analysis Recipe

The Immediate Analysis Recipe is useful if daily repetitive fitting processes must be per-
formed on samples. Thus, by opening one recipe file, a fitting can be launched with a spe-
cific acquisition routine and model. All the hardware adjustments and process steps are
performed automatically. At the end, the results are displayed and saved into a file.

18.1.1 Accessing

From the Button Bar menu, click on the Rec. icon, then select the Immediate
Recipe or from the TreeView menu, right-click on the Recipes node and choose
the New Immediate Analysis Recipe choice.

‘3:1' '5.'1:' ‘3}{' ‘5:1' ".;:i' "J.Ji' OR | E f% Mew Immediate Analysis Redpe

Mhat. Acqg. Mod. Srd. Rec. Tem. New Mapping Recipe

. Iesults Mew Aanalytical Package :I
= Reports €
\ = Application  New folder
oy kel
Baste L
Delete el
Rename Rl R
pen (= dEEa
Dpen as Text ZEr T
5] ook »
o e T e Find ... Ctrl+F
.
! ¢ Application Library e
oy Fleto, .. L
Immediate Recipe Export ... Ehrl+HE H
= \ Import package ... Ctrl+I
; : . Build package ... Ctrl+8 I
@ Mapplng RECIpE Update models ... Ctrl-+U —
Check files integrity ...

x Cancel Purge results files ...
Delete files ...
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|
FW%‘IB’I%

The following screen will be then displayed:

Mt Acq M\:ld Grd ch sz

e

Models

@ Immediate Analysis Recipe - Nonamel.rci

@B Materials
=W Models
- (] tutorial

avec p

+- P Grids

[
& B> Recipes

& Resulis
#-» Reports

=¥ User Library Definition |Sampl|=,I Judgement Criteria | Execution Criteria |
=W Acquisition Routines 5
=) GST2 acq Cranta guug| Detete growp|  Click and drag the file to the field
- natit.acq Group Repetition count I i

natif?.acq

-fiii Noname1.acg
i routine |
@ test.acq

P> Data Manipulation
- I» Substrates

-- Jcouches_refdsp.mdl

- Bare_Si_NKF mdl

-fi cSi-SiN.mdl .
cchi-ref mdl Click and drag the file to the field
ROICST newmapd.md|
ITO +2layers.mdl
-f) ITO-ppe.mdl

nr7h sur si.mdl

-fol) nr75 sur si_2.mdl
nr7b sur si3.mdl

-- nr75 sur sid.mdl
nr75 sur si5.mdl

= Report Templates

=+ Application Library

1 BRI GST2.acq [l GST_newmap9.mdi

pkg

rotection UV.mdl|

‘ Save Save As .. I J Bun I Output Description

]

MonameT.ici

Current profile : Peter ‘

18.2

The Repetition number N value will perform N complete cycles. The results are compiled
in a single file.

Once the screen is fill out, save the current recipe (Save or Save As button), then press the
Run Recipe button to perform the measurement and fitting cycles.

The result will be saved in a file located in the Recipes node of the TreeView menu.
To display the results, double-click on the created file located in the Recipes node.

The Output Description button allows the user to set the parameters and graphics presenta-
tion once the complete measurement and fit have been performed. This Output Description
can be of course edited after the process. The Output Description feature is detailed in the
paragraph “Output Description feature” on page 264.

Mapping Recipe using a defined simple grid

When a simple grid has been previously defined (see “Using Simple Grid” on page 226),
the next step is to perform acquisitions and fittings on this grid. This chapter explains how
to create a recipe file, which will use one or several acquisition routines and models. Thus,
by opening the created recipe file, a fitting can be launched with a specific acquisition rou-
tine and model. All the hardware adjustments and process steps are performed automati-
cally. At the end, the results are saved into a file.
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18.2.1 Accessing

From the Button Bar menu, click on the Rec. icon, then select the Mapping Rec-
ipe or from the TreeView menu, right-click on the Recipes node and choose the
New Mapping Recipe choice.

05/20/2016

Grids Ml @ Mapping Recipe - Nonamel rem

{i‘ ‘;:i‘ a:i‘ ‘ﬁ‘ {i‘ ‘3:1‘ OR - Mew Immediate Analysis Recpe
Mhat. Acqg. Mod. Srd. Rec. Tem. | | I Report 1
P Results Mew Analytical Package
\ > Heports Mew folder
= Application = et
Paste e
Delste D
Remnames Chrl+-R
DpEnR (il [ |
open as lext CErlH-T
] Toais .
T e | Find ... Cirl+F
¢ Application Library
Copy file from ...
v 5 . Copy file Eo ..,
Immediate Recipe = nrt CELE
Import package ... Cirl+I
@ Mapping Recipe Build package ... ctri+8
Update models ... Ctrl+J
%= Check files integrity ...
X Ccancel | Purge results files ...
Delete files ...
The following screen will be then displayed:
BB Ot ot b 2R B ]| K &l o
|

E-W User Library General Parameters |

P Acquisition Routines Definition Mapping Steps Sample Judgement Criteria Execution Criteria I
- B> Data Manipulation
- Substrates | PR mode :
- P> Materials . . -
it Click and drag the grid B
=W Grids [PTTLVIN [~ Show points order
. @ NSimpleiarlay.grd
P Recipes
#- I Report Templates Paints (mm) : A”l Select | U"59|9'3'|
=W Results ¥'29  fx= 30000.Y=  80.000) ﬁl
& B> Acquisition Data V30 @<= 20000.Y= 80.000)
- Model Results w31 (<= 10000 %= 90.000)
- P> Recipe Results v 32 ™= 0.0ooo. = H0.000)
Reports 33 <= -10000. Y= 80.000)
I Model Reports w34 <= 20000.Y= 90.000)
- Recipe Reports v'35 (k= -30000.v=  90.000)
Application Library w48 (<= -BO000. Y= 80.000)
I Acquisition Routines L] <= -40.000, Y= §0.000)
- Data Manipulation w50 (<= -30000.%=  80.000) .
- P> Substrates A = -PNO00 Y= AN NAm LI
= P> Materials Create gmupl Modify gmupl Delete group ” X =-245714 mm. Y = -106.667 mm
#- B Models
- Grids Group Points Acqg. Routine Model
P Recipes 1

- B> Report Templates

Save Save As ___ Output Description |

Open the Grids node, click and drag the grid from which the mapping steps will
be created.

18.2.2 Mapping Steps creation

The procedure described below will show how to create and launch an automated
process over many points located on a grid.
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As soon as a grid is loaded, all of the points are listed and a graphical representa-
tion of the grid is displayed. Your choice is to select the measurement points,
individually or grouped, and assign to each of them an acquisition routine with
the adapted built model. The following screen shows an example of the upper
part of the mapping recipe.

#r= P =
EEED, O G bbb b b B (F 0o
[ Grids 2l @ Mapping Recipe - Nonamed.rcm
= ¥ User Library Definiti | Mappingsteps | G I p | Reciperesut |
='W Acquisition Routines Grid : 1 YI 23
astac — 5 T BT R L e e ORI
----- | 3 g?lhslrﬂleg Simple_array.grd L I A 324 L 2043
=B Materials Points (mm) - All| Select | Unselect | C- B o R EEE
¥ Somples 385 (- 50000.Y- -60000) ] oo s & g o o o o
G} 3couches_refdsp.spl 386 (X= 60.000.Y=  -60,000) L Bl . e
=¥ Models 387 (= 70.000.Y= -60.000) J
foi 3couches_refdsp.mdl 397 (= 60000 Y= -70.000) & ik “'I % "2
fil cSi-SiN.mdl 398 (X= 50.000.Y= -70,000) LAY 4 ) LI
) echl-ret.mdl 399 (X= 40.000.¥= -70.000) . . = = .
P Multimodels 400 (<= 30000Y= -70.000) s L .
----- P+ Modeling Scenarios 401 ({= 20000,%¥= -70,000) { I I
- W Grids 402 (<= 10000.Y= -70.000) * if |
@ Simple_array.grd V403 LXn -70.000) - B o} 1 |
- Recipes 404 (X= -70,000) L '-I [
----- P+ Report Templates 405 (X= -20.000. 00y s s et - le o
S * Hesults 406 (= -30.000.Y= -70,00 I 14 i
= P+ Reports 407 (<= -40000.Y= 70000 =L ¥, .
= P> Application Library 408 (= -50000,Y= -70,000) A I /
409 (x- -60.000.Y=  -70,000) .. N T
421 (X= -50.000,Y= -80.000) W . Y £...
422 (X= 40000.Y-  -B0.000) R Y B~ 7o
423 (x= -30.000,Y= -80,000)
424 (X= -20000.Y= -80.000) R s B S e
426 (X= -10000.= -80.000) J L L e I
426 (<=  0000,Y= -80,000) e o o 8 8 s o 8 6 CTUEEYTL 4 s 0 o 8 s 8 s 8
427 = innnn ‘Y = RN N0 :I
Create aroun| Modif aroun| Delete araun || X - -156.951 mm, ¥ - -33.184 mm

—

TreeView

List of points which are lo- This area displays graphically the built substrate. Each time
cated on the substrate. The a point is selected for the measurement process, a small
checked points are selected square is displayed around this point. The figure shows also
for measurement process.  how the points are numbered. On the example above, the

first valid point (located on the substrate) carries the num-

Figure 18-1 Selecting the points for| per 32; it means also that the list will begin with the number
measurement process 3.

The figure 18-1 shows how to choose and validate the points which will be included in a group.
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o suusuaws e ——
- Materials Points (mm):  All| Select | Unselect | s e s s 0w % & =i a
=¥ Samples 385 (<= 50.000= -b0.000) | o e s a = R s .
&) 3couches_refdsp 3 386 (<= 60000 Y= -60,000) . v e i o o
-¥ Models 387 (<= 70000,Y= -60,000)
) 3couches_refdsp.mdl L 397 (<- E0000.Y- -70.000) T .
fl) cSi-SiN.mdl N = 50000.¥- -70,000) . SIS SIS P G,
i) echl-ref.mdl = -70,000) .. R O R BT T A
P Multimodels = ) . . I.
> Modeling Scenarios 401\ (%= . 1R
=W Grids 402 \x= 10000, = (o i
-l Simple_array.grd V403 (N- 0000 B = Cal -
P Recipes 404 (<) -10000.Y= -70.000) . s e
P Report Templates 405  (¥=\ -20000.Y= -70000) S I s} &= s
&P Results 406 (- \30.000.Y= -70,000) \ . IF
&P Reports 407 [X= 1 . . £ o
=8 2 ApSIil:ation Library :g: gi CIICK and dra ok I .
a21 (e S0\00 Y= 80000 . o\ £ .
422 (<= -q0000.Y= -80.000) e Y o 4
423 (x= -30000.v-  -80.000) =
424 (<= -2000h Y= -60.000) J """ Pl
@ - oofve man 0 NS Delete selection | I 5 0
427 = innnn Y = 80 nnm j =
Create group | Modil gruupl Delete gruupl X =-1§6.951 mm_ ¥ =-33.184 mm
Group| Points Acq. Routine Model Deactivate PR Deactivate AF
1 9 acq 0 efdsp.md
2 8 testacq HI 3couches_refdsp.mdl 1. ¥ Deactivated
3 10 testacq {if 3couches_refdsp.mdl i il ¥ Deactivated
Figure 18-2 Creating groups
Select the Click on the Click and drag Click and Add another
points which Create Group the Acquisi- drag the group or click
willbein- [ icon. A line B ion routine [P | Model and [ | on «generate
cluded to a group is then and apply it to apply it to mapping
group created. the group the group. steps»

Mapping Steps creation diagram

The figure 18-2 shows an example: three groups have been created with three different
acquisition routines on adapted models.

deactivate PR option: the Pattern Recognition (PR) option is a powerful system which
detects and marks, in real time, the specific points on a substrate. If the grid has been
created from the Pattern Recognition system, the user can deactivate this feature.

deactivate AF option: some systems include an autofocus device. This device can be

deactivated.

The Output Description button allows the user to set the parameters and graphics presenta-
tion once the complete measurement and fit have been performed. This Output Description
can be set before the process and, of course, edited after the process. The Qutput Descrip-
tion feature is detailed in the paragraph “Output Description feature” on page 264.
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Definition

@ Mapping Recipe - Noname2.icm

Mapping steps
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Sawve

Step |Group| Point| X (mm)

34 10.000
35 0.000
36 -10,000
37 -20,000
38 -30.000
53 -50.000
54 -40.000
55 -30,000
56 -20,000
57 -10,000
58 0,000
59 10.000
60 20.000
61 30.000
62 40,000
63 50,000
75 60,000
76 50,000
7 40.000
78 30.000
79 20,000
a0 10,000
a1 0,000
82 -10.000
83 -20.000
84 -30.000
a5 -40,000
86 -50,000
a7 -60.000
97 -70.000
98 -60.000
99 -50.000
100 -40.000
100 -40.000
1in -2n nnn
Sawve As ...

Acqg. Routine
90.000/test3.acq
90.000 test3d.acq
90.000 testl.acq
90,000 testd.acq
90,000 testd.acq
90,000 test3.acq
90,000 testi.acq
80.000 test3d.acg
80.000 testd.acq
80,000 testd.acq
80,000 testl.acq
80,000 test3.acq
80,000 testl.acq
80.000 test3d.acqg
80.000 testd.acq
80.000 testd.acq
80,000 testd.acq
80,000 testd.acq
70,000 testl.acq
70,000 testi.acq
70.000 test3.acq
70.000 testl.acq
70.000 testl.acq
70,000 testd.acq
70,000 testl.acq
70,000 testi.acq
70.000 test3.acq
70,000 testd.acq
70.000 testl.acq
70.000 testd.acq
70.000 test3.acg
60,000 testi.acq
60.000 test3.acqg
60.000 testd.acq
60.000 test.acq
60,000 testd.acq

N NNN +0r4] amm

empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl
empilement optique rugo.mdl

nmanilamant anticoen roean )

Run Recipe | Qutput Description ‘

The step lists the measurement points using a chronological order.

Steps

* Group

Figure 18-3

The figure above lists all of the grid points selected to the measurement process. The fol-
lowing information is available from left to right:

The previously created groups (1st group, 2nd group, 3rd group etc...) are listed in front
of each measurement point.

4 Clicking on the Group button will generate a group sorting from the first to the last.
This could be useful if the selected acquisition routines are very different and require a
long adjustment time. Once one acquisition routine is set, all of the related mapping points

are measured and processed. It speeds the entire measurement process.

¢ Point

By default, the numbered measurement points are displayed in the incremental order.
This order is more suited if a same acquisition routine (or close to) is used to perform
the measurements. Results will be delivered faster.

4 If the list is sorted by groups, click on the Point button.
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Recipe
X (mm), Y(mm)

For each measurement points, the coordinates are displayed.

Acq. Routine

The acquisition routine which will be used with the related measurement point is dis-
played in this column.

Model

The model used with each measurement point is displayed in this column.

With PR

The grids which have been built with the Pattern Recognition (PR) system are saved
with a specific label. This column informs the user if the selected grid has been created
using a Pattern recognition system.

With AF

This column informs the user if the selected grid has been created with the AutoFocus
(AF) optional device.

Save/Save As ...

The Mapping Recipe (name.rcm) configuration can be saved by clicking on the button
located on the bottom left hand side of the screen.

18.2.3 Running the Recipe

To start the Recipe process, click on the Run button located on the bottom of the
screen. If the button is greyed, that means that the Mapping Steps has not been
yet generated.

It is also possible to run a Recipe process directly from the Recipe file (RCM
extension) listed in the TreeView. In this case, right-click on the file then select
the Run choice.

=¥ Recipes
| OR| ! IAR_Testrci

‘ Save | Save As | Generate Mapping Steps|  Run

P Application Library =~ Mew Inmediate Analysis Recipe
Mew Mapping Redpe
Idew falder
Copy o2
Paste Chr|
Delete Del
Rename Cr+R
Open Chrl+0
Open as Text ChrHT
Tools 3
Expart ... Chrl+E
Import package ... Chrl+I
Build package ... Chrl+E

The following screen is displayed:
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enter Recipe mformation 0 |
d Sample name :ISampIeId

Cornments ; =]

Lot name :

v 0K X Cancel

Result file name :
I(User LibranAtodeling Results> 2002.07 25\Recipe2biLotld. Sampleld. 1Th 24rmm 25s

Enter the Lot name, the Sample Name and various comments about the Recipe.
The Recipe results are saved using a specific chained format. This format can be
set from the File name formats screen (see “File name formats™ on page 15).

By default the following format will be used:

User Library\Modeling Results\Year.Month.Day\Recipe
name\Lotld.Sampleld.HourMinSec.

Click OK to validate the screen.

Three screens will be displayed (if they have been activated from the File name
formats screen (see “File name formats™ on page 15).
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The Show Recipe progress screen shows the progression of the processed points.
The screen displays also the primary information about the recipe points condi-
tion.
Currently analyzed point Successfully analyzed point Progress bar
Recipe Honame5.rcm execution -
=
Pecipe Point &
Stage arrived to
M fmm) = -17,678
T (mm) = 17,878
2 {um) = 0,000
Recipe Point 5
Aogquizition requested according routine
;? '<Uger LibraryiAcouisition Routiness test.acog'
Pecipe Point 4
Modeling done
Ll Thickness (&) = 111,932
8i0Z es = 12,485
2102 ot = -17208,766
e = 1043,652710
Judgement. = FO0OD
Pecipe Point 4 done
Lenend ; ‘l | » T
'@: Running acouisition ': Acouisition correct 'X: Acouisition errar i
@E ning mocelization 'E Modelisation correct xi Maodelisation error Print | II PE‘NISE | x Abart | LClose |
|Recip9/is running i l i
Legend description Action buttons Information area

Once a point has been aimed by the System, the Software activates the Acquisi-
tion routine. At this time, a new screen is opened and displays the real time acqui-
sition parameters. The following screen is an example of such screen:

ADI =70 ; Configuration = II: M=0° A=+45°
-S00 _1
200 I
] Silll=
100
|10 Jon i P E—— |-400
b5 : : : : 200
SR | ,,2DD-"H¢-"7, s + S L
-5 : : : : -200 ©
10 ) L S I
T T T T
1 2 3 4
Ey

Figure 18-4 Acquisition progress screen
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Once the acquisition has been performed, the related screen is closed. Then, the
fitting screen is displayed and real time fitting process is run. As for the acquisi-
tion screen, the fitting screen is closed at the end of the process.

Model empilement optique rugo.mdl Simple Fit s
Iteration : |2 ¥ (9.473720
e .00 Parameter | “alue |
L1 Thickness (&) 1237 43900
12 Thickness (&) 511.65160
L3 Thicknass (&) 227067200
L4 Thickness (&) 4754453
a-Siin lkruga ne 1.90803
a-5iin l-rugo wg 0.19648
a3k lFugo f 0.70399
aSifin lkrugo wj 3.54763
a-Sifin lrugo T) 1.74851
ls 0.0004- Fo.oo o
A0 -- |-1.000 Fitting progressing .
T T T T Guess: 141
1 2 3 4
Photon Energy (%)
Stop Close:

Figure 18-5 Fitting progress screen

The Software activates the XY Stage to the next point to analyze. At the end of
the mapping process, the Recipe screen progress stops and the Close button
becomes active.

The results are saved in the Modeling Results folder located in the TreeView
menu. Double-click on the file to open it to visualize the results.

The results screen compiles all of the informations which have been used and
which have been produced during and after the Recipe process.
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General information ~ Results Measured Points Mapping Graphs
Used files Statistics data table (see next chapter)

Files extraction

|| Recipe Results B} i 2ecipe Resull ™ 5T_Newma pt.siot0§/ '+ 10mn 425.0r
I % Materials =] | Recipe hiomaiin | Stasics PoinlsVit | Poris tabl | tapping grsph’
TreeVieW : ::n:elﬁ Extract acquisition data | View acquistion data a3 test | Extract all acquisition data |
rids
menu \ -{# Cicular.grd % A% Q1] & @I@ gﬂg - .
[ Circular49.grd 3 Lelt:l\s j 0 IPhutonEnergy j H\ghl:l\c j Graphlcs
- Complex grd 3 /
plus_3pt.grd 5 ] L ' Sneieinie meTE® DR 0400 results
{# Simple_array.grd ; Sy SR il Foz
=-¥ Recipes 3 AT see s
=3 HK ot 1...00.0..0""' 3”35‘:
[ GST 9Pointrcm e e o200

@) GST 9Point Reprocesse
- Map_cicularl rem
- Map_cicular2 rem

N 2
@ Map_recipel.rcm Photon Energy (eV/)
[& Noname2.rcm
D testrci Point4 | s =037 Photon Energy = 0.65 &/ e =-0.305
0 | ST ——————|
= Report Templates -
-'W¥ Rasults @

B Acquisition Data

P> Model Results

=-¥ Recipe Results
-1 2003.02.20
(21 2003.02.21
(23 2003.02.24
(1] 2003.03.05

Recipe step number : 4 N

Mapping phase
Target coordinates

. Effective coordinates .

(23 2006.0 r

- 2ngAn. Acgu\s\tinn phase ’ \
Measurement 7~ I o T— |_Text mode

- . 9Point.Reprocesse
points selection ot Sample d1oh results

_cicularl
f&@ Circular substrate.rcr

@ Immediate avec |emp5.r|:L|j

4 »

Piint & report,

Measurement

Output Description Setup -
point setup

Print a report

Save configuration

18.2.4 Output Description feature

The Output Description feature allows the user to set the parameters and graph-
ics presentation once the complete measurement and fit have been performed.
This Output Description button can be found on every Recipe main screen. The
related parameters can be set before the process and, of course, edited after the
process.

*  What is it possible to set ?
- The Statistics tables and list formats,
- The Trends (for Immediate Recipe) and Mapping (for Mapping Recipe)
Graphs,

When an Immediate Analysis or Mapping Recipe is launched the results are displayed in a
5-tab screen. Each tab concerns a specific parameters class. The tables, lists and graphics
representation can be defined by the user.
Figure 18-6, “Tables setting Output Description”, page 265 shows an example of «Table
format without column wrapping». This format has no limit on width; if the parameters
results are long it should be necessary to limit the width (limiting characters) by using the
second options.
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Recipe

F Recipe Result - | ot 1d Sample 1d.10h 57mn 29z _rcr

Recipe informatidy, Statistics Wairts list | Paints table M apping araphs

Statistics information

EL

Recipe group number 1 statistics
Model : GST_newmap9.mdl
Acquisition Routine : GST2 acq

Average aximuam inimum Standard Deviation Uniformic
L4 Thickness [A 13 15 0.020
LS Thickness [A 3 TE0T
=slotl Eg 0.787 0.00%9 0.018
=lotl &= 2.455 2.868%86 2.021 0.257 0.141
slotl A 110.432 115.065 99.111 5.525 0.074
=slotl E, 2.403 2.448 2.324 0.034 0.026

Iteration count Lk, 22.0 13.0 2.8 0.3

Default column
wrapping

Edit Output Dezcription Frint a report..

: Editexclusionlistl Save configuration | Show a repart... |

ecipe Qutput Description

|Mﬂpping graphs |

stics tables :

)y d

7 Table format without column wrapping ——

" Table format with wrapping every |80 3: characters
" List format

Point values tables :

= Table format without column wrapping

¢~ Table format with wrapping every (80 3: characters
 List format

Save as template | Load from template | ' OK I X Cancel |

Figure 18-6 Tables setting Output Description

Figure 18-7, “Graphs setting Output Description”, page 266 shows how to add a graph
which is not displayed by default and how to change the representation: size, color, orienta-
tion ...
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@ Recipe Result - Lot 1d.5ample 1d.10h 57mn 29z.1cr

Recipe informationl Statisticsl Paints IistI Pairits table  Mapping graphs

1 - GST_newmap9.L4 Thicl @ﬁ

Tables Mapping graphs |

GST_newmap9.L4 Thickness [A]

Default screen: graph is
not displayed

3D Wafer Map

GST_newmap9 L4 Thickness [A]
Min = 1341155 - Max = 1396.044 - Mean = 1350.275

Editexclusionlistl Save configuration | Show a repart.... | Print a repart... |

Tables Mapping graphs |

GST_newmap9.L4 Thickne | Data to Display |GST_newmap9 L4 Thickness [A]

Graph Type

GST_newmap9.L4 Thickness [A] 30 Water Map
[~ Show legend

Surtace/Contour palette

Zoorm : : I >I
Z-scaling : : I DI

-offset

The same graph can be :
added but the representation
can be set differently using
the panel setup. It becomes i
easy to compare and find the
best result.

Many options
are available
from this panel

Click on the graph and move
the mouse for 3D rotation

3D Wafer Map

GST_newmapd.L4 Thickness [&]
Min = 1341155 - Max = 1396.044 - Mean = 1358.275

Add graph | Delete graphl Save as template | Load from template | ‘ ' OK I XCﬂncell

Figure 18-7 Graphs setting Output Description
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18.3 Mapping Recipe using a defined complex grid

Recipe

When a complex grid has been previously defined (see “Using Complex Grid” on
page 244), the next step is to perform acquisitions and fittings on this grid. This chapter
explains how to create a recipe file, which will use one or several acquisition routines and
models. Thus, by opening the created recipe file, a fitting can be launched with a specific
acquisition routine and model. All the hardware adjustments and process steps are per-
formed automatically. At the end, the results are saved into a file.

18.3.1 Accessing

From the TreeView menu, right-click on the Recipes node and choose the New

Mapping Recipe option.
{i‘ ‘3:{‘ ‘.p':i‘ {i‘ j.;:i‘ ‘3:“ OR = Mew Immediate Analysis Redpe"
Mt .-a‘.Cq Mod. Srd. F'\EF Tem. - Report 1 Mew Mapping Recipe
\ > Results Mew Analytical Package
P Reports
% i M fold
=B Application CZ:y = et
Paste \ CErlY
Celete el
Renams Chrl-R
DpEnR (il [ |
open as lext CErlH-T
crostenen recpe. ] Todks .
P  , Find ... Ctrl+F
Application Library TR

3 oy File ko, ..
Immediate Recipe Export ... CErHE
Import package ... Cirl+I
= = Build package ... Ctrl+8
@ Mﬂppmg RECIpE Update models ... Ctrl+J

= Check files integrity ...
x Eanen] | Purge results files ...
Delete files ...
The following screen will be then displayed
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Byl | [T

(& Mapping Recipe - Nonamel.rcm

)
5| K

oS N R S A S
% ER o
| Grids Bl

B W User Library

General Parameters |

- B Acquisition Routines Definition Mapping Steps | sample Judgement Criteria | Execution Criteria |
- Data Manipulation
P> Substrates PR mode :
@ P> Materials [without PR ]
#- B Models
=W Grids Grie - [~ Show points order
-G e lick and drag the grid
- B> Recipes
- Report Templates Paints (mm) : All| Select | Unseledl
& ¥ Results ¥28  (<- 30000 Y-  a0.000) &l
& B> Acquisition Data V30 (<= 20000.v= 80.000)
> Model Results W31 (%= 10000 Y= 90.000)
- P> Recipe Results v 32 = 0.000. % = 90.000)
= ¥ Repors V33 (%= -10000 Y= 90.000)
B Model Reports w34 (<= -20000v=  90.000)
g Recipe Reports v 35 (<= -30.000.% = 90.000)
='W Application Library w48 (<= -50.000.% = 80.000)
#- B Acquisition Routines w49 (<= -40.000.%=  50.000)
- Data Manipulation V50 (<= -30000.v=  80.000)
P Substrates ~ 1 <= -2N00N0 Y= A NAm ;I
= P> Materials Create gruupl Modify gmupl Delete group ” X =-245.714mm. Y = -106.667 mm
- Models
- Grids Group Paints Acqg. Routine Model
P Recipes 1

- B> Report Templates

Sawve Sawve As Output Description

) @

Simple_arr...  Monamel....

| Current profile : Peter |

N O - I
Figure 18-8 Complex grid activation

Open the Grids node, click and drag the grid from which the mapping steps will
be created.

18.3.2 Mapping Steps creation

The procedure described below will show how to create and launch an automated
process over many points located on one or many dies of a substrate.

As soon as a grid is loaded, all of the dies points are graphically displayed. Your
choice is to select the measurement dies, then the point(s) of the die(s) to create a
group. Each group must be then assigned to an acquisition routine with the
adapted built model. The following screen shows an example of the upper part of
the mapping recipe. Follow the steps shown on the figure 18-9.
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(Bl & Mapping Recip
I Models j Definition | Mapping steps | General parameters |
=B+ Configuration Grid - Selectall dies | Unselect all dies |
&P Direct Equipment Access ‘ grid_test.grd ¥

=-W User Library

----- [ Create new material
----- % Create new ..
Acquisition Routines

Points (mm) : All| Select | Unselect

~ Pointn” 1 of selected dies
+ Pointn” 2 of selected dies
1,ﬂl3q Point n* 3 of selected dies

* 4, Click and drag
: to0 assign Acq. routine
: and Model

2. List of points
located on
each die:
Select one

or more

Recipe

-8 x

1. Click on a die 7
to select it

- Application \ibrary

[ Pr1395_md1 [fif] ] Deactivated W] Deactivated

Number of selected points Chosen acquisition routine

List of groups

Deactivation of the

Group| Points Acq. Routine Model

vate PRI Deactivate AFI

1 18 mpnaasmdl
2 : est acq empilement optique Deactivated

3 3 [fii Pr1395 mdi

N1.acq

N1.acq

for each group Chosen Model ivati
Pattern Recognition
/ System (if applicable)
_I Deacti
i ]

m@ Deactivated |Z| Deattivated

\

Save | Save As ... Generate Mapping Steps | Run Recipe |

Saving the recipe Saving the recipe Generating the working steps
using the same using a new name (required after any changes in
current name this screen)

Figure 18-9 Creating groups on complex grids

Deactivation of the
AutoFocus device
(if applicable)
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Select the Double-
die(s) which click on the
will be taken [ points line to
into account select it

Recipe

Click on the Create Click and drag the
Group icon. A line Acquisition rou-
group is then creat- Rl tine and apply it to
ed. the group
Click and Add another
drag the group or click
Model and [ | on «generate
apply it to mapping
the group. steps»

Mapping Steps creation diagram

The figure 18-9 shows an example: three groups have been created with three different
acquisition routines on adapted models.

Once the recipe is prepared, save it using a judicious name.

a

deactivate PR option: the Pattern Recognition (PR) option is a powerful system which
detects and marks, in real time, the specific points on a substrate. If the dies grid has
been created from the Pattern Recognition system, the user can deactivate this feature.

deactivate AF option: some systems include an autofocus device. This device can be
deactivated.

As a rule, the dies located on a substrate are identical. The points located on each die
can be different.

A saved Recipe can be re-edited later.

Click on the | Generate Mapping Steps | button to generate the Mapping Steps. The following
Mapping Steps screen will be displayed.
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@ M apping Recipe - map.icm HEER
Definition Mapping steps |General parameters |

Step |Group| Die |Point| X {mm) | Y (mm) Acqg. Routine Model With PR| With AF ﬂ
il 4 oo q acq Pri39 d 0 0
2 1 24 2 -1.877  75.810 Nl.acqg Pri395.mdl No No
3 2 24 z -1.877 75.810 test.acq empilement optique rugc  No No
4 1 24 3 -2.747  78.656 N1.acqg Prl385. mdl No No
5 2 24 3 -2.747  78.656 test.acq empilement optique rugc  No No
B 3 24 3 -2.747  78.656 N1.acqg Pri395.mdl No No
I 1 97 1 -48.300 42.292 N1.acq Prl395. mdl No No
8 1 97 2 -46.877  415.810 N1.acq Pri395.mdl No No
9 2 97 2 -46.877 45,810 test.acq empilement optique rugc  No No
10 1 97 3 -47.747  40.656 N1.acq Prl395.mdl No No
11 2 97 3 -47,747 48,656 test.acq empilement optique rugc  No No
12 3 97 3 -47.747  48.656 N1.acq Prl385. mdl No No
13 1 116 1 46,700 42,292 N1.acq Pri395.mdl No No
14 1 116 2 48,123 45,810 N1.acq Pri395.mdl No No
15 2 116 2 48.123  45.810test.acq empilement optique rugc No No
16 1 116 3 47,263 48,656 N1.acq Pri395.mdl No No
17 2 116 3 47.253  48.656 test.acq empilement optique rugc  No No
18 3 116 3 47.2563  40.656 N1.acq Prl395.mdl No No
19 1 247 1 -3.300 2.292 N1.acqg Pri395.mdl No No
20 1 247 2 -1.877 5.810 N1.acq Prl395.mdl No No
21 2 247 2 -1.877 5.810 test.acq empilement optique rugc  No No
22 1 247 3 -2.747 8.656 N1.acq Prl395.mdl No No
23 2 247 3 -2.747 8.656 test.acq empilement optique rugc No No
24 J: 247 3 -2.747 8.656 N1.acq Pri395.mdl No No
25 1 270 1 -78.300 -7.708 N1.acq Pri395.mdl No No
2b 1 270 2 -7b.877 -4.190 N1.acq Prl395.mdl No No
27 2 270 2 -76.877 -4,190 test.acq empilement optique rugc  No No
28 1 270 3 -77.747 -1.344 N1.acq Pri395.mdl No No
29 2 270 3 -77.747 -1.344 test.acq empilement optique rugc  No No
30 3 270 3 -77.747 -1.344 N1.acqg Pri395.mdl No No
3 1 301 1 76.700 -7.708 N1.acq Prl385. mdl No No
32 1 301 2 78.123 -4.190 N1.acg Pri395.mdl No No
33 2 3m 2 78.123 -4,190 test.acq empilement optique rugc  No No
34 1 a0 3 77.253 -1.344 N1.acq Prl395.mdl No No
35 2 3m 3 77.253 -1.344 test.acq empilement optique rugc  No No
36 3 301 3 77.253 -1.344 N1.acq Pri395.mdl No No
a7 1 A17 1 -Af0 1nn ~A7 N0 M1 orn Drl 30K nn Al M~ K~ j

Save Save As ... Generate Mapping Steps | Run Recipe |

Figure 18-10 Complex Grid Mapping steps

The figure 18-10 lists all of the dies points selected to the measurement process. The fol-
lowing information is available from left to right:

Steps

The step lists the measurement points using a chronological order.

Group

The previously created groups (1st group, 2nd group, 3rd group etc...) are listed in front
of each measurement point.

4 Clicking on the Group button will generate a group sorting from the first to the
last.

In this case, the Point column is also sorted and has priority on the Die column.

This could be useful if the selected acquisition routines are very different and require a
long adjustment time. Once one acquisition routine is set, all of the related mapping
points are measured and processed. It speeds the entire measurement process.
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The following table describes the priority sorting:

Die —> Point — Group
Point —> Group —> Die
Group —> Point —> Die

* Die
This column shows the number assigned to each die of the Complex Grid. The counting
starts from the upper left hand side of the substrate.

¢ Point

By default, the numbered measurement points are displayed in the incremental order.
This order is more suited if a same acquisition routine (or close to) is used to perform
the measurements. Results will be delivered faster.

4 If the list is sorted by groups, click on the Point button. See above the priority sorting.

e X (mm), Y(mm)

For each measurement points, the coordinates on the related die are displayed.

* Acq. Routine

The acquisition routine which will be used with the related measurement point is dis-
played in this column.

e Model

The model used with each measurement point is displayed in this column.

* With PR

The grids which have been built with the Pattern Recognition (PR) system are saved
with a specific label. This column informs the user if the selected Complex Grid has
been created using a Pattern recognition system.

*  With AF

This column informs the user if the selected grid has been created with the AutoFocus
(AF) optional device.

¢ Save/Save As ...

The Mapping Recipe (name.rcm) configuration can be saved by clicking on the button
located on the bottom left hand side of the screen.

18.3.3 Running the Recipe

Once the mapping steps have been built and the measurement points correctly
assigned, the Recipe process can be performed.

To start the Recipe process, right-click on the Recipe file (RCP extension) and
select the Run choice.
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Recipe

=W Recipes |
----- @
..... IAR_Testrci  Mew Immediate Analysis Recipe
..... i) map.rem Mews Mapping Recipe
""" @ Recipel.pki fdews Folder:
""" @ Recipel.rcn Copty. ChHlHC
""" %) Recipe25 pl . ey
----- fd) Recipe25.rc pelete Del
----- fiti twopoints.rc Rename Chrl+R
I Application Librar_.vl
Qpen Chrl+0
Open as Text Chrl+T
Tools 4
Expart ... Chr+E
I Import package ... Chr+I
Build package ... Ctrl+E B

The following screen is displayed:

|
Lot narme : Sample name :|Samp|e|d
Comments : =
=
v 0K X Cancel
Result file narme :
I(User LibrarAbodeling Results> 2002.07 294die_testiLotld Sampleld.14h 23mm 26s.rr

Enter the Lot name, the Sample Name and various comments about the Recipe.
The Recipe results are saved using a specific chained format. This format can be
set from the File name formats screen (see “File name formats” on page 15).

By default the following format will be used:

User Library\Modeling Results\Year.Month.Day\Recipe
name\Lotld.Sampleld.HourMinSec.

Click OK to validate the screen.

Three screens will be displayed (if they have been activated from the File name
formats screen (see “File name formats™ on page 15).
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The Show Recipe progress screen shows the progression of the processed points.
The screen displays also the primary information about the recipe points condi-
tion.
Currently analyzed point Progress bar
Recipe C:4DeltaPsi2' User Nick"-.,Repr'es'\.;ﬂie'__tés't: rcm execution
Xl 0 jmm) = -2z8,333 B
T {um) = 0,000
Z {mm} = 0,000
Duration = 0.125 seconde(s)
Step #7
Acmquisition regquested according routine
'<User Libraryhhomquisition RBoutiness= NE. acg'
Step #6
Modeling done
Dmaration = 0.953 zeconde(s)
| | Iteration # = [
| | e | = 2,126796
X Judgenent = True
Ll Thickness (&) = 1z40,881
LZ Thickness (&) = 510,032
L2 Thickness (&) = z268,847
L4 Thickness (&) = 50,935
a-8i-fin II-rugo neo = 1,931
a-8i-fin II-rugo g = o,z88
a-8i-fin II-ruge £3j = 0,718
a-8i-fin II-rugo w©j = 3,51z
a-8i-fin II-rugo T3 = 1,636
Step #& done
Daration = 33797 zeconde(s)
Legend : 4 | | » e
Ij@;)j Running acquizition s Acquistion correct Ijxj Acquisition error f
I%}? Running modelization 1 Modelization correct Ii-i Modelisation error Stap | l'USE |
Eotdea ! - il L
| | 4
Legend description Information area

Once a point has been aimed by the System, the Software activates the Acquisi-
tion routine. At this time, a new screen is opened and displays the real time acqui-
sition parameters. The following screen is an example of such screen:

ADI =70; Configuration = II: M=0° A=+45%

-0 o

Figure 18-11 Acquisition progress screen
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Once the acquisition has been performed, the related screen is closed. Then, the
fitting screen is displayed and real time fitting process is run. As for the acquisi-
tion screen, the fitting screen is closed at the end of the process

e cmplement gt o smpere
Iteration |2 ¥ (9.473720
1.000 H.000 Parameter [ value |

L1 Thickness (&) 1237 43900
|2 Thickness (&) 511.65160
13 Thickness (&) 227067200
L4 Thicknass (&) A7.54455
a-Siin l-ruga ne= 1.90803
a-Siin l-rugo wg 0.19843
a-Sifin Frugo f 0.70399
a-3kin lkugo wj 3.54763
aSifin lrugo Tj 1.74851

ls 0.0004- Fonoo &

1000 |-1.000 Fitting progressing

T Guess: 171
1 2 3 4
Photon Energy (%)
Stop Close

Figure 18-12 Fitting progress screen

The Software activates the XY Stage to the next point to analyze. At the end of

the mapping process, the Recipe screen progress stops and the Close button
becomes active.

The results are saved in the Recipe Results folder located in the TreeView menu.
Double-click on the file to open it to visualize the results.

The linked information screen includes numbered steps. Clicking on each step
will display the related date. Right-clicking on the step will allow a data file
extraction. Thus, the acquired data of each step can be extracted in a file (see
figure 18-13).
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Measured Points
Statistics data table

General information  Results
Used files
Files extraction

Mapping Graphs
(see next chapter)

B 2ecipe Resull 5T_Newma Sptslot08/ +10mn 425 rcr

|| Recipe Results

e 1)

I & Materials Recipe omalion | Stalitics Pointslit | Points table | Mapping gaph

TreeView P Models

' Grid Extract acquisition data | “View acquisition data a3 text | Extract all acquisition data |
rids

menu \ @ Ciculargrd U Al ae) ] sl e ] ] L -

*f@) GST 9Pointrcm 0000

" Circular4d.grd El Left: IB ] x IPhutonEnergy K| H\ghl:lw: | GrapthS
~{ut Complex.grd
2 &
oo : it : PR O " results
f& Simple_array.grd 7 Sy SR LR b
=-¥ Recipes g ....0 : T
52 HK s .';..”“,,.... 3
+ :

@) GST 9Point Reprocesse

o400
- Map_cicularl rem
- Map_cicular2 rem y v g
@ Map_recipel.rcm Photon Energy (eV/)
[& Noname2.rcm
[ testrci Pomt4 I Is=0317 Phioton Energy = 0.65 8 e =-0.305
= Report Templates -
-'W¥ Rasults @
P> Acquisition Data W Recipe step number : 4 -

P> Model Results
=-¥ Recipe Results
-1 2003.02.20
(21 2003.02.21
(23 2003.02.24
(1] 2003.03.05

Mapping phase
Target coordinates

Y

. Effective coordinates .

-(12006.07.2 X =
(120060 ! g
- 20N B ’
Acquisition phase \
Measurement 9Point.Reprocesse SFI S datapia d above. \TeXt mOde
points selection  otidSempleldith b D ST . results
_cicular "_

f&@ Circular substrate.rcr

@ Immediate avec |emp5.r|:L|j

4 »

Edit exclusion list

Edit Dutput Description Save configuation Show a repart Fiint a report.

Output Description Setup

Measurement
point setup

Show
a report

Print a report

Save configuration

Figure 18-13 Recipe Results screen

18.3.4 Output Description feature

See detailed description in the chapter “Output Description feature” on
page 264.
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Reading Recipe Results files (RCR)

19 Reading Recipe Results files (.RCR)

As soon as a Results Recipe file has been created, the parameters can be consulted. Dou-
ble-click on the .RCR file to display these results. Several parameters windows are avail-
able. The Result tab, located on the top allows the user to navigate along the results.

Recipe information: the Recipe information window groups the general information
about the Recipe analysis conditions.

mER R

Recipe Results

= | | & Auto |
My mp | (| 2 K

bl @ Recipe Result - Lot Id Sample Id. 10h 41mn 30s_rcr

= W User Library
& & Acquisition Routines
- Data Manipulation
P> Substrates
P Materials
B Samples
P Models
P> Multimodels
> Modeling Scenarios
P Grids
B Recipes
> Report Templates
Results
- B Acquisition Data
- > Model Results
P Multimodel Results
B> Modeling Scenario Results
= ¥ Recipe Results
-3 20101217
®- 320100221

P50 008

e

&b 5| Setup

Recipe imformatap | Recipe fles | Steps | Tables | Mapping | | R €SUILS 12D

Hecipe general information

EICKS

Id ation
Lot Name
Sample Name :
Fun actor

: Lot Id
Sample Id

Judgement

Status 1 Success

Judgement tahle

Criteria

EBoundary

Value

Judgement

Stopping code of the recipe

o

GOOD, no sever error.

Count of the BAD Steps

=)

GOOD, at least one step is GOOD.

Hessage

Recipe details

: GOOD, all criteria are GOOD

Fecipe Name

: <User LibraryiRecipes> Temp test.rci

=1 2010.12.23 Recipe Type @ Lmwediate analysis
&[] 2010.12.27 Start : 11/01/2011 10:41:30
B[] 2011.01.06 End : 11/01/2011 10:49:38
= £3 2011.01.11 Recipe steps : 8

= 23 Temp test Run:steps e

k5] Lot Id.Sample 1d.10h 41mn 305.rcr
3 964 Points.rcr
= B Reports
& I Application Library

Double-click

on the .RCR file

to display the Recipe
results

Save configuration Show areport.. | Print a report

Recipe files: the Recipe files window lists all the files used by the Recipe.

@ Recipe Result - Lot Id.5~~7!= '4 10lh 41mn 30s.rcr

Recipe informatio_ Recipe files [Bteps ] Tables 1 Mapping
| (“)r"i"g'i-na'l' files pacfkage
Extract selected file ] Extract all files ]

<User
i <Uzer
<User
i< Uzer
i< Uzer

<User

LibraryyRecipes> Temp test.rci

Libraryhy Aogquisition Routines:> Tewperature Routine test.aco
Libraryh Aogquisition Routines:> second.acq

LibraryyModels> 310 on PET.mdl

Libraryhy Samples> 3i0 on PET.=spl

i <Resultsh Acquisition Datar Z003.05.154%31i0-1%LotId.PET.17h Ofmm 00s.spe

LibraryyMaterials> 510 evap 15-5-2003.dsp
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Steps: the Steps tab shows the complete information by steps from the steps sequencing
to the sample Acquisition and Modeling.

&, Recipe Result - Lot Id.Sample Id.10h 41mn 30s.rcr

Recipe information | Recipe files Steps | Tables | Mapping |

Step mOVlng bar \’ Current step: ¥ Tables ¥ Statistics ¥ Mapping

505 N5t | Dgtails | Acquisition | Madeling |
Expfft data | J N\
StegdSenertimer | Timl ~[ Acquisition naer | Modeling name = [ Judgementr | Tables [Statisti[Mappir.
11/01/2011 1 0.00 Temperature Fo [ [ v
4 o *i0 on PET.md GOOD v
11012011 1 Temperature Ro GOOD ~ IE3 I~
11/01/2011 1 327.88 second.acq Si0 G PET.mdl GOOD ~ ~ ~
11/01/2011 1 329.42 Temperaturs Fo GOOD ~ ~ ~
11/01/2011 1 40658 second.acy Si0 on PEgmdl GOOD ~ ~ ~
11/01/20111 408.09 Temperature Fo GOOD v [ ~
11/01/20111 48625 second.acg Si0onPET N GOOD 2 I Ica
y A
EEET Step general information
Recipe step number : 2
Jud
T step is good | Acquisition data operations ¥
|£couisiton phase Alz|zv| @lav| glmn| @il B = 2|
poauizision 1o periomes, e |t ] e 5] e —
Execution
server tine - 110172011 1 Al%|iv| @[a11] Sleae| @[ B o k|
RREREcn T hes s Lot [n B
[Modeling phase. U [T
Piioacting iie - 510 on PET.mt 0 o
Excout o
W © el i \ f ; o7
Modeling Result A 1 065
L1 Thickness (1) = 1 0 A b p
550 evap_15-5-2003 o o go8
D I ] T 0
510_evap_15-5-2003 a1 Ao | 1 . S
510 evay_15-5-2003 o A i q . 2 05
510 evap 15-5-2003 14 054 ‘ ‘ R S s
v oz i 7] | I > 04
Iteration Count I / I / s .
Judgement i | I | : i
0 7 | ] I Photon Energy (e%)
o
SaI v | S ; i N e
I I
0.4
2T I EE
sl | / ~
sl J P
o[ Is = 5in (2% ~5in(d), To = 5in(2%)xCos(d)
i ¥ = 82.200900
o Tterations Muer = 19
0.
g L1 Thickness = 1640.105 + 2779.048
2 3 Eq -  0.709659 & 1.0433520 m
Photon Energy (eV) B = 1.9568330 + 4.6253890
& = 4119790600 + 154.2390000
. E -  2.3979300 & 15.6046500
=027 I Froton Eneray =151 ¢ - 132200100 & o2.5434500
61 -0z0 -o'z00 B

Tables: the Tables tab displays the results by step and by parameter and also statistics
according to the previous entered criteria.

(& Recipe Result - Lot I1d.Sample 1d.10h 41mn 30s.rco

Recipe information | Recipe Iilasl Staps ' appingl
1 - Statistics, grouped by recipe group index

Add Modify | Delete Export data |

I Statistics for group 2
Recipe group number 2, Modeling: Si0 on PET.mdl, Acquisition: second

ablas |Mapping|
2 - Steps. grouped by recipe group index | -

Add | Modify | Delste | &/ B2 Export data

5i0_evap_15-5-2003 Eg 1.3255762 2.3056941 [||Steps for group 1
Recipe group number 1, Modeling: NAA&, Acquisition: Temperature Routine test.acq

Recipe information | Recipe file:

Average Maximm

L1 Thickness [i] 8114.417 28103.455

Si0_evap_15-5-2003 e 1.2591696 1.9563334
Hi0_evap_15-5-2003 A 141.0430870 | 421.2600403 Step | Judgement
H5i0_evap_15-5-2003 E 1.9494991 3.5416813 1 GOOD
S5i0_evap_15-5-200F C 7.4951146 14.2200060 3 GOOD
W 82.598337 =4,252190 5 GOOD

7 GOoD

§|Steps for group 2
Recipe graup number 2, Madeling: Si0 an PET mdl, Acquisition” second acq

Step | L1 Thickness [i] | $i0_evap 15-5-2003 Eg | $10 evap 15-5-2003 ew | 510 evap 15-5-2003 1L | 510 _evap
2 1840.105 0.7098859 1.9568334 41.9790643
1 28103 455 1.7240340 1.5040553 &0.9612427
5 1068.955 2.3056941 0.0632877 421.2600403
8 1645.153 0.5626907 1.5125020 15.5720001
Save corfiguration
< I | ]
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Mapping: the Mapping tab shows a 3D presentation of the Recipe. Of course, a real
mapping with many acquisition points will render the overall view more usable.

-
=] = huto B
ihat. Acq. whod. Srd. Ree. Tem | | ik —
EER DR ARk e Myl (0 ElICKS
Recipe Results - @ Recipe Result - Lot Id Sample 1d.10h 41mn 30s. rer
= W User Library Recipe information I Recipe filasl Steps I Tabled Mapping
& P Acquisition Routines A e e — . —
* B Data Manipulation [==Rayecvaues — 1 view type: |K|nam: View _d _éjﬂd
- I Substrates [|i0 on PET.L... Title: Auto I " Show legend
. P> Materials I |Si0 on PET.
P samples [~ Si0 on PET. | Back color - | | |
B Models &|Sio on PET ¥ Display mean
| 4 Multimodels . [ |SiO on PET. 420.0000000 | - 1 : i : fifimes
: gl?:almg Scenarios [~ Si0 on PET.Si... e — -
nes [~ Si0 on PET y*
P Recipes 3800000000 Style [
'zai‘:l“’;"ﬁ’"p'“'“ 360.0000000 Thickness [1 =
- [ Acquisition Data 340.0000000 Bt
. : Model Results 350.0000000 T i
Multimodel Results
- I Modeling Scenario Results 300.0000000 Styls L :Iv
=Y gacipa Results 280.0000000 Height 3 =
20101217 - =
. 1201012 21 4 280.0000000 H Width 3 =
(1 2010.12.23 2400000000 [
(3 2010.12.27
| & 201101 06 2200000000
=29 2011.01.11 4 2000000000 li
Bl Temp test 1500000000
@ Lot Id.Sample 1d.10h 41mn 30s.rcr
{ich 964 Points.rer 160.0000000
i L Rap:_nrts_ . | 1400000000
# P Application Library Use Ctl + Click 1o select
mare than one value 1200000000
| Reporting views 1000000000
I
500000000
40.0000000
200000000
250 300 350 400 450
Time (=)

Kinetic View

| Save configuration Shaw arepatt.. | Prirt arepar..

DeltaPsi 2 Software 279



05/20/2016

HORI BA Reporting

Scientific

20 Reporting

The Reporting feature is the final step of a DeltaPsi2 session. It allows to select useful
information, organize it and generate it for the final report.

Two steps are required to edit a report:

1 Create a template. Once created, it will be used each time to create the same layout for
the report.

From the Model screen, launch the reporting feature to generate the reporting files.

20.1 Creating Template

DeltaPsi2 allows the user to create different types of templates according to the needs or
the company graphics chart. To create a template, follow the steps described below:

e From the User Library node, select the Report Templates choices.

Right-click

e T
=W [P  New Acquisition Resuits Report Templa

(] tutorial New Dats Manipuiation RepcrtTempla:\
-- Nonamel.mdt New Model Report Template
- Results New Recipe Report Template
=-P* Reports New Repart Scenario
P Application Library

L N
Mat. Acq. sod, Srd. Rec,

" Application Library

P New folder
P Copy. Chrl+C
act
' Acquisition Results Report Template — b
Delete: [
. : Renee Cirl#R)
dm‘rl Data Manipulation Report Template e ey
Open as Text 4T
» Toals b
mdt}  Model Report Template Find ... Chl4
E Copy file from ...
rct)  Recipe Report Template Cepilers,
Export .. (k[ +E
P Import package ... Ctrl4+
rsn}  Report Scenario idpeckar S
Update models ... Ctrl+J

Check files integrity ...

Purge results files ...
& Cancel Delete s .

Figure 20-1

As shown above, different categories of Report Templates are available. If fact, each cate-
gory has its own set of parameters which could be useful to export to a template.

The Report Scenario can chain and group several categories of report template.

20.2 Template Setup

The Template setup is exactly the same for all of the template categories, only the parame-
ters to display are different.

e Click on the Acquisition Results Report Template button; the following reporting
screen will be then displayed:
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Pages format (B Acquisition Results Report Template - Noname1.act

Choose report type Page orientation: & Porfrait ¢ Landscape
/' « Formatted Report Page list -

Export format o hepon

" HTML Report

" MS Word Report

Drag and drop elements Add | Delete
Elements for the report iy

Header

Acquisition
|

) Graphic
Data Manip,
|

| I
zraphic
Data Manip.

|
Taue Plat

Data Manip. /

1 & k Tobdenr—""]
Page layout — || |fewe e

Figure 20-2

Save Save As

e Choose first the export format. This format is important and depends on the use of the
report. Four formats are available:

Formatted Report: This is a proprietary HORIBA Scientific format. That means that no
other softwares are required to print a report.

The procedure below explains step by step how to create a formatted template.

1 Select the Formatted Report type from the upper left hand side of the screen,
Select the page orientation option: Portrait or Landscape

Click on the Add button to create a new page
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m Acquisition Results Report Template - Honame1.act

Choose report type : Page orientation :  © Portrait ¢ Landscape

Formatted Report Page list :
w Report
o Report 2

b 1 rd Report
Drag and drop el t Add) | Delete |
1o your report layout

Header 3

Acquisitian

Acquisition Results Report Template - Noname1.act

Choose report type : Page orientation : Portrait ¢ Landscape
% Formatted Report Page list:
" Flow Report Page 1 &
 HTML Report
 MS Word Report
7
Drag and drop el Add | Delete 5
to your report layout Titla - I
Header _ Page Iﬂyﬁt
Acquisition Picture file
S ™ (4 Select and drag the layout
Graphic -
Data sanip,
i Al
Graphic : Header
Data #anip.
\ J
Tauc Plot
Data Manip. Acquisition
T | |
ndk Table “Graphic
Ficture file
Data Manip.
i
) Graphic
[
Save | Save As ...

Figure 20-3 Building formatted report

Select and drag the element to the page layout, then using the mouse stretch this ele-
ment over the page layout.

The elements can be placed everywhere on a page and even superimposed.

The special Picture File element can contain an image. Accepted graphics format files
are JPG, BMP, WMF and EMF. To insert a file in the Picture File element, right-click on
the element and select the file.
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@ Acquisition Results Aeport Template - Honame1.act

Acquizitian
B

|
Choose report type : Page orientation : ¢ Portrait

# Formatted Report

“Graphic

Page list:

" Flow Report

" HTML Report

Reporting
IN==0
. 5
setectvourpiewre eV lidate the selection
(=]

 MS Word Report

Add | Delete | BT
Regarder dans

Drag and drop el
to your report layout

X Cancel

-+ @k E-

Picture:

Acquisitian
| Delete block

Title - | B
Header r Page layout —ﬂl Select the file to import

zraphic Picture file

Nom du fichier I

Fichiersdetype:  [Al (jog:”ipeg:”bmp:" e " winf)

Data Manip.

Ouvrir I

Aonier |

[None)

Graphic I
Data Manip.

| Move and stretch the element
Tauc Plot

_Da‘ra Manip.

ndk Table

Picture file

Enter the page title. This title will be printed on the top of the page,

Click on Add (see step 3) to add a new page then proceed as above. Add as many pages

as necessary to create the report,

Click on the Save As button to save the built report type.

How to use the created report template ?

See the chapter “Generating a report” on page 285

Flow Report: As the Formatted Report, the Flow Report is a HORIBA Scientific propri-
etary format. That means that no other software is required to print a report. Comparing to
the Formatted Report type, the Flow Report is less versatile: the elements cannot be

stretch or superimposed on the page layout.

1 Select the Flow Report type from the upper left hand side of the screen,

Select the page layout Portrait or Landscape,

As shown on the figure below, select, drag and drop the report layouts.

i Model Report Template - Noname1.mdt

Choose report type

B ES

Page orientation - & Portrait ~ { Landscape

 Formatted Report

@ [Pl B Elements included into the report :

 HTML Report Delete | Move up | Move dnwnl

© MS Word Report glsiiied
Drag and drop elements Sample

to your report layout Fit

\ J
Mathing Graphic
Fit

== Results
Sample
Simplified

|
Graphic )
Fit

Results
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HTML Report: This format will generate an HTML page description which can be useful
for Web publishing. Moreover, this export format can convert the figures to JPEG format.
The procedure below shows how to create this type of report:

1 Choose the HTML Report and the following screen will be displayed:

@ Model Report Template - Nonamel mdt

Choose report type : ¥ Convert Images to Jpeg files

 Formatied Report
© Flow Repont
& HTML Report Delete Move up | Move down

Elements included into the report :

€ MS Word Report

MNothing
Drag and drop elements
0 your report layout

| Detdiled
Nothing Sample
Fir

Graghic
Fit

Results

Graghic
Fit

Results

Figure 20-4 HTML Report screen

Save | Save As |

Check in the «Convert images to Jpeg files»: the .Jpeg format is usually the standard
format for HTML files, otherwise the .WMF will be used. The .WMF format is one of
the most elaborate graphics formats but, compared to the Jpeg format, it can be limited
in that only the Windows® Internet Explorer can be used to open the HTML files linked
to .WMF figures. The others Internet browsers do not accept this format.

Using the mouse, drag and drop the predefined graphic elements to the Page Layout
screen. The Delete and Move up buttons help the user to change the layout.

The special Picture File element can contain an image. Accepted graphics format files
are JPG, BMP, WMF and EMF. To insert a file in the Picture File element, right-click on
the element and select the file.

3 As soon as the report is ready, click on the Save As button and enter the name of the
new template. If an existing template has been opened to be modified, click on the Save
button.

To use the created templates, follow the chapter “Generating a report” on page 285.

MS Word® Report: This export format is useful for users who own the Microsoft Word®
software. This export format is certified for Microsoft Word® 97 and 2000. Due to multiple
Word® versions over the Word, we cannot guarantee a good result on every Word® ver-
sion. On the export phase, DeltaPsi2 will open and manage the Word software layout.

Once the MS Word Report is selected, the following screen will be displayed:

DeltaPsi 2 Software 284



05/20/2016

HORI BA Reporting

Scientific

@ Acquisition Results Report Template - Noname1.act

Choose report type : Page orientation : & Portrait ' Landscape
¢ Formatted Report

" Flow Report
 HTML Report
 MS Word Report

Elements included into the report :
Delete Move up | Move down

Header

Drag and drop elements
to your report layout Acquisition
. ;
| |
Header raphic
Data Mhanip.

Acquisition |
| | Tauc Plot

Graphic
Data fanip. Picture file

Graphic ;
Data Manip.

| |
Taue Plot
Data Manip.

ndkTable

Picture file

Save Save As |

Figure 20-5 MS Word® Report

1 Choose the page orientation: Portrait or Landscape.

Using the mouse, drag and drop the predefined graphic elements to the Page Layout
screen. The Delete and Move up buttons help the user to change the layout.

The special Picture File element can contain an image. Accepted graphics format files
are JPG, BMP, WMF and EMF. To insert a file in the Picture File element, right-click on
the element and select the file.

As soon as the report is ready, click on the Save As button and enter the name of the
new template. If an existing template has been opened to be modified, click on the Save
button.

20.3 Generating a report

The Report creation feature can be activated from the main Model screen. Here below is an
example of such of screen:
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R TG b o i e b

LI

I Models

=¥ User Library
P> Acquisition Routines
&I Data Manipulation
- Substrates
= Materials
P Samples
=¥ Models
ITO +2layers.mdl

- Multimodels

P> Modeling Scenarios

P Grids

- Recipes

-I* Report Templates
=¥ Resulis
- B Acquisition Data
- Model Results
- Multimodel Results

P> Recipe Results
=-¥ Reports

- Model Reports

- Multimodel Reports

- Recipe Reports
2 Application Library

Iterations Mumber = 74
Parameters
1) L2 Thickness [L] = 1236.121 % 30.730
2) L3 Thickness [i] = B863.045 + 52.998
3) L4 Thickness [i] = £93.786 % 32.766
4] Layerl n= = 2.0439950 + 0.0274652
5) Layerl wg = 3.4028010 + 0.0213323
6) Layerl £3 = 0.5721284 + 0.0527043
7) Layerl wj = 3.3892760 + 0.0251961
8) Layerl TIj = 0.1402948 £ 0.021732¢6
9] layeri =8 = 3.5915080 £ 0.115998% s
10) layerz  wt = £.9295790 + 0.6984667
- Modeling Scenario Resul ' ' ! Correlation matrix
H H | =1= =z= =3= =4= =5= =6= =7= =g=
T T T 1.000 -0.748 0.661  0.451 -0.121 0.4E8 -0.048  0.42E
2 3 4 5 1.000 -0.503 -0.720 -0.039 -0.675 -0.169 -0.464
Photon Energy (s') 1.000  0.86%  0.010 0.659 0.137  0.454
1.000 0.008 0.557 0.030 0.598
[—=Ft » MMO+2layers (5) — Fit () 70 2layers (1c) | £809 Tgé; 32;3 '3232

P> Modeling Scenario Repoi

<

I Model - ITD +Zapers.md|

Resuls | él |m Save restilts file | Updete | Show repmtl
Alz] @0 | Slryes| ¢ & of k| m-| 1 A
Left Ils j X:IthonEnergy j Hight:llc j ¥’ minimization on Is,Ic

Is = Sin(Z¥) «Fin(d), Ic = Fin(2¥) =Cosid)
¥ = 19.681140

1.000 0.053
l.o00 T
Fit ‘ 1 | Is=-082 ‘ Photor Enzray = 075 £ ‘ lc=-0414 il LlJ

ickness unit ~| | v Clear results before fit lear graph before simulation ow all fitting steps
Thicks 2 [ Cl Its before fit | [~ Cl h bef I ™ Show allf

AT 700100 ¥ Exp. File |ITD&2Iayers spe m

Current profile ; Defaul:

Figure 20-6 Launching the reporting

e e B iaverz.dsp x| x
E es0o FFLayert dsp x| x
[1ITO_sup_oscdr_final 1.dsp B3 [
[ 17000 I
E FlCimo_inf_oscdr-final 1.dsp x
[ z0000000.0 FOgtass.dsp x %
I Yoid_asp.ref i
i~ Fitting choice 1~ Fitting procedure 1~ Modeling description Output description :
IDelauIt j ISmgIe Step j IDelauIl b2 It W Simulation Save
= | a2 |11jf| Edt | 2dd |11jf| e | 2dd | Gt add 11j” Edt | Fit G
Monamelmd -~ IT0 Ouputdoscrptonname:ewon s |
+2Zlayers.md| —

D el et e th es el e Ct e d Output Result | Model Post-calculations | Layers Post-calculations | Aliases | Output check criteria |

I Adjust it esults graphic X is after display

. . I~ Adjust N&K fit results graphic X axis after display
Output description name iy —
I Activate reporting
Reporttemplate  Formattd_Testmdt 1_Setect
@ Display report (manual print)
» (no display. reports)

I Save repor. enter a name forthe file here = [GST_siotl
(HTML reports are always saved)
Comments
(Comments can be witien here. This text will be displayed in the “comments* aren.
plate i this aroa has beon p

Launching the reporting

| X et

On the Model screen, the part labelled Output description concerns the reporting section.

Click on the Edit button to open the Reporting setup screen. Enter or check the options
according to the description shown on the figure below:

20.3.1 How to use the created report template ?

The previously created report template can only by activated from the general
Modeling screen. When a model has been prepared and ready to be fitted, the
user can activate the Reporting feature. The procedure below explains how to
activate it.

4 This procedure will only show how to activate the created template. In fact,
the Output Description screen includes two important additional tabs which are
described in the chapter “Advanced Model Post-calculation features” on
page 206. On the bottom the main Modeling screen, click on the Edit button of
the Qutput Description part.
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Check .. || |
Simulation || =
Fit

4

]
Output description name : INewOD_l]

The following Qutput Description screen is then displayed:

N A W N =

Output Result |Mndel Post-calculations | Layers Post-calculations | Aliases | Output check criteria'

[~ Adjust fit results graphic X axis after display
[~ Adjust NRK fit results graphic X axis after display 6

[~ Save result file after manual fit

[~ Activate reporting

Report template : Formatted_Test mdt fi| select I

+ Display report {(manual print)
" Print report directly (no display. does not work with HTML reports)

I Save report. enter a name for the file here : [GST_slotl
(HTML reports are always saved)

" Co +
Comments can be written here. This text will be displayed in the "comments® area
of the template if this area has been retrieved in the template.

‘>

‘ ' OK X Cancel |

1

Output Description name: Enter a name which will memorize the parame-

ters entered in this screen.

2

If a Customize X-axis layout has been set (see figure 3-3, page 36), the Fit

results will keep the same layout. If the box is check-in, this customize layout
will be ignore, and the Fit results will display the full scale.

3

4

|

1

Same as above but for the n&k fit results screen.

If checked-in, every manual fit results will be saved.
Activate reporting: check in to activate the reporting feature.
Select the report template which has been previously built.

Output reporting options: three different outputs can be selected:

The Display report option will open a window and the report can be pre-
viewed before printing. The figure below shows an example of a Print Pre-
view screen:
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. Exit preview
Print report — s mBE [2x W«  » P
Report

TS wur ol - AtGraph . .
/ e Navigation
Zoom settings

Fage 3 of 4 G

2 The Print report option will print immediately the report using the current
printer installed from the Windows® operating system.

3 The Save report option will create a file which can be printed later. The file
name must be entered and the file will be stored in the Reports folder of the
TreeView. Then, double-click on this file to open the report Print Preview.
The HTML reports are always saved.

8 Enter the comments in this area. If the report template has been prepared

with a comments area, the entire text will be retrieved in the report.
9 Click OK to validate the Output description screen.

Once the Output Description parameters screen has been setup, the report will be automat-
ically created after a Fitting process.

i CAUTION: If an MS Word® template has been selected to create the report, the
Word® application must be closed. DeltaPsi2 will open it by itself. If the Save report has
been clicked on, the generated report will automatically be saved in the Report node with
the .DOC extension.

i NOTICE: the HTML format can only be saved. The Display and Print features are not
yet implemented.
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21 Kinetic Measurements

21.1 General

The kinetics acquisition allow the study of rates of Physical/Chemical processes. Physi-
cal/Chemical kinetics includes investigations of how different experimental conditions
can influence the speed of a reaction and yield information about the reaction's mecha-
nism and transition states, as well as the construction of mathematical models that can
describe the characteristics of a physical/chemical reaction.

DeltaPsi2 software includes the complete kinetics feature from the acquisition to the real
time modeling with end point.

Requirements

The Kinetics Feature is available on UVISEL Series and MM-16 Series ellipsometers. This
feature can also be used on AUEDO SE Series from DeltaPsi2 Software.

Working Method

Kinetic feature can be performed at several levels depending on your goal and your System
availability.

* If you want to obtain results as soon as possible and your System is ready to be used,
follow the steps below:
-“Acquisition Routine” on page 290,
-“Model Creation” on page 297,
-“Kinetic Recipe” on page 303.

* Another working solution is to perform acquisitions on the fly on one or several sam-
ples, then, later, manipulate the Models and apply the fitting process. Excepting the
acquisition step, the other processes can be done on another computer (without the Sys-
tem connected). In this case follow the following steps:

-Acquisition Routine and acquisitions on the fly (see “Acquisition Routine” on
page 290),

-Model Creation with experimental files import and fitting process. See “Model Cre-
ation” on page 297 then “Fitting Process” on page 304.

» If you want to prepare your project on a standalone computer, you can simulate
the W and A result values according to a layer deposition thickness rate. See
“Simulation” on page 303.
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21.2 Acquisition Routine
When a sample must be analyzed with some physical/chemical changes, it becomes very
important to define the time scale events. This chapters will detail how to prepare an

acquisition routine for a fast and reliable results.

* Run the DeltaPsi2 Software. The following screen will be displayed:

*

Mr:lr Acq Mnd Grd ch sz

~lE | Zwo

G|ER @

Acquisition Routines j

ﬁ@‘

= W User Library
I Acquisition Routines
I Data Manipulation
- I» Substrates
> Materials
& P Models
& Grids
> Recipes
P Report Templates
¥ Results
P Acquisition Data
P Model Results
P Recipe Results
¥ Reports
I Model Reports
I Recipe Reports
¥ Application Library
I Acquisition Routines
I Data Manipulation
I Substrates
I Materials
I Models
- I Grids
- > Recipes
- b Report Templates

o

* Kinetic Acquisition can be launched from several locations in the DP2:

m For UVISEL with Monochromator

From the Main Menu, click onthe  OR  From the TreeView list, right-click on the Acquisition
Acq icon , then select the Routines, located in the User Library. Then select the

Kinetic Mono (monochromator) New Kinetic Acquisition Routine Mono choice.

choice.
=

& User Library: " Application Library

Ellipsometer |Specml | ’E

=58 | [

%‘ AN R R 3 M
Mat. Acq. Mod. Srd. Rec. Tem.

7)  Ellipsometer Calibration Acquisition Routinec Right-CliCk j
] B ' User Library
Spectroscopic Mono =8 2 Acquisition Routines.

> Data Manipulation New Elipsometer Calibration Routine

I Substrates New Spectroscopic Acquisiton Routine Mono

> Materials New Spectroscopic Acquisition Routine MWL A
P Models New Kinetic Acquisition Routine Mono

Spectroscopic MWL’

Kinetic Mono

181101161101/84161161

P Grids New Kinetic Acquisition Routine MWL
Kinetic MWL H . .
- [ Recipes New R&T Acquisition Routine Mono
& I Report Templates New R&T Acquisition Routine ML
RA&T Mono
= W Results New Smulated Acquisiton
= Acquisition Data - ;
New Acquisition Scenario
RAT MWL + B+ Model Result
5B Recioe Results | Newfoder

acn) Acquisition Scenario

X Cancel
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m For UVISEL with MWL

From the Main Menu, click on the

Acq icon , then select the

Kinetic MWL  (MultiWave-
Length) choice.

" Application Librany

& User Library:

*

GER

Acquisition Routines

Ellipsometer ||_CE | Special |

Ellipsometer Calibration

R1 ht-click —
- g

Kinetic Measurements

%* % 3

srd. Rec Tem

I—}Ey‘[-‘w

OR From the TreeView list, right-click on the Acquisition
Routines, located in the User Library. Then select the
New Kinetic Acquisition Routine MWL choice.

= W User Library

Spect ic M
R LA | 3 Acquisition Routines

> Data Manipulation
= Substrates

= Materials

I Models

P Grids

> Recipes

Spectroscopic MWL

Kinetic Mono x
Kinetic MWL

91/61191/61161/6116;

R&T Mono & I Report Templates
& I+ Results
R&T MWL P Reports

& = Application Library

o
|5
=

Acquisition Scenario

New Elipsometer Calibration Routine

New Spectroscopic Acquisition Routine Mono
New Spectroscopic Acquisition Routine MWL
New Kinetic Acquisition Routine Mono

Mew Kinetic Acquisition Routine MWL

New Kinetic Acquisition Routine LCE
New R&T Acquisition Routine Monio

New R&T Acquisiion Routine MWL

New LCE Calibration Routine

New LCE Acquisition Routine

New LCE Initial Acquisition Routing

X Cancel

m For MM-16 Ellipsometer

From the Main Menu, click on the

Acq icon , then select the
Kinetic LCE (Liquid Crystal
Ellipsometer = MM-16) choice.

Create new acqu

" Application Library

4

A

GER

Acquisition Routines

Ellipsometer LCE | Special |

LCE Calibration

nght -click — r

L

rd. Rec Tem

I—}Ey‘[-‘w

OR From the TreeView list, right-click on the Acquisition
Routines, located in the User Library. Then select the
New Kinetic Acquisition Routine LCE choice.

LCE Acquisition =- W User Library 7

L@/ \Cauisition Routines)

= Data Manipulation
= Substrates
+- [ Materials

LCE Initial Acquisition

LCE Advanced Acquisition !
Kinetic LCE

B1B119110116;

0 Report Templates

New Elipsometer Calibration Routine

New Spectroscopic Acquisition Routine Mono
New Spectroscopic Acquisition Routine MWL
New Kinetic Acquisition Routine Mono

New Kinetic Acquisition Routine MWL
cquisition Routine LCE

New R&T Acquisition Routine Mono

New R&T Acquisition Routine MWL

New Kinetic

B > Results ; ;
’ Reports New LCE Calibration Routine
7B+ Application Library LB SEELEIE T TR
acn Acquisition Scenario | New LCE Initial Anqusrhun Routine
el OF e e

X Cancel
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* The following Kinetic Acquisition screen will be displayed:

TE BT | e b b e b PR (2] K ] E oo

M| i Kinetic Acquisition Routine Manochremator - Naname1.ack

='W User Library

& B Acquisition Routines
P Data Manipulation
i I» Substrates

i Sampling interval : 2 s
: P Materials Configuration :  [IIF M=0° A=+45"~
. > quels Integration time : 200 ms
P Grids neitemes crmls - 75.00
B P Recipes
= P Report Templates

=' Results Measurements number : 5
& I Acquisition Data Micro-spot - i

P Model Results T = 0 h Omin | 10 &

& B Recipe Results Background : Background on d

rKinetic par ~Acquisition conditions

Total duration

m

B : ’RE;D:SI A t Acquisition result

c:8 odel Reports : i

P> Recipe Reports @ Binary format Frupcion U ol i
='W Application Library

P Acquisition Routines © Text format

- B> Data Manipulation

High voltage :  |Automatic =||250 v
- P Substrates rSpectral postion——————————————————— etes —
P Materials
S0 Min 60 m¥
& I Models User unit : eV hd

P> Grids
1 S0 Max : 80 mv
- > Recipes o li
B Report Templates Pasition : 1.378 eV

Prepare | q/ﬂun ” Wyiewsl Save | Save Asl Save as Default

fy

MNonamel....

Current profile : Peter |

This configuration screen includes all of the parameters required to build the acquisition
sequence. We will detail each of them.
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Kinetic Parameters

<t r -

Sampling interval

Time

The MM-16 with its CCD array detector needs a measurement time
in place of Integration Time. This is due to arrays which has a lim-
ited capacity to integrate the flux and the hardware+software will
calculate and optimize the integration time and the accumulation
time according to the sample.

Enter here the number of measurement you want to perform

S

NOTICE: All the screens are interactive; for example if S mea-
surements are chosen, the total time will be adjusted according
to the Sampling interval and the Integration time.

OR enter here the total time of the experiment

—.> Sampling interval :

P Integration time :

Kinetic Measurements

Kinetic parameters
I 2 sl
I 200 ms

One measurement time : I 10 s H

By default, Binary result format is the highest precision format e%r Text format

it records the full 32-bit floating point data.

The Text result format uses the precision entered in the Observ-
ables precision located in the Software options part.
Spectral Coverage setup:

m For UVISEL with Monochromator /

Using a monochromator, kinetic acquisition are only possible for
one wavelength. The user unit (the choices are eV, cm-1, nm, A,
um). Select a wavelength within Instrument coverage.

e For UVISEL with MWL
The MWL or MultiWaveLength spectrograph can simultaneously
analyze several wavelengths (up to 32). See the wavelengths val-
ues list in the HV values Tab. Enter the Start/End wavelengths.

Total duration
™ Measurements number : I 5
N Time : 0 h I]minl 10 s
Acquisition result
& Binary format
—Spectral position
User unit : Ie\,r j
Position : I 1.378 eV
Spectral range
User unit : Ie\,r j
Start : | 138 eV
End : | 138 eV
Default values |

m For MM-16
The used Spectral Coverage is always the maximum range, as the
detector is a CCD chip. Thus there is no range selection.
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Acquisition Conditions

UVISEL with Monochromator UVISEL with MWL For MM-16
~Acquisition conditions —Acquisition conditions——— | [~Acquisition conditions
Configuration : III: M=0°" A:+45°j
Configuration : III: M=0° A=+45°j Incidence angle : I 70,00 *
Incidence angle :I 7500 *
Incidence angle :I 75.00 % CCD Integration time : 0 ms
Micro-spot : | j
B I j Background - IBﬂckgruund an j CCD Accumulation number : I 0
Background : IBackgmund on j Protection Uy IOﬁ =
[~ Background
Protection UV: IOﬂ j High voltage : IAutDmatic j
S0 Min : | 60.00 mV
High voltage : IAutumatic j |25I] Y S0 Max : | 80.00 mVv
S0 Min : | 60 mv
S0 Max : | 80 mv
Configuration Choose the appropriate configuration choice. For Kinetic acquisition where

the time is very important, the “no merge” method is used by default. The
user can choose the Configuration I (M=0°, A=0°), I (M=0°, A=+45°) or
III (M=-45°, A=+45°).

By default, the Configuration II is used.

Incidence angle Enter the incidence angle: angle determined between the Modulator, the
sample and the Analyzer.

For information:
- Measurements for most semiconductors are usually made around 70°-75°,

- Measurements on transparent materials are made at around 60°.

MicroSpot The beam diameter can be set on the Micro-Spot sub-unit. The choices are
1200, 250, 120 and 60 pm.
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Background

A high background level can mask weak features and reduce the dynamic
range of the Real Time Control.

% Before applying the «background» feature, be sure that the offsets

calibration procedure has been performed. This calibration should be
performed at least once a year or in case of important changes of the
system, e.g. PMT replacement.

Background off: performs a noise background measurement before an
acquisition. This noise background will be subtracted from each data point
acquisition.

Background on:

If the Background box is checked, for each data point, two acquisitions will
occur. The system will close the shutter located on the light source path and
perform an acquisition. A signal plus a dark acquisition will be performed
with the shutter open. The dark acquisition will be subtracted from the sig-
nal plus the dark acquisition. This technique minimizes the effect of any
drift conditions that may occur.

Automatic Background:

If the Offsets calibration has been performed, a results file (background.ini)
has been saved on the hard disk. If an acquisition is launched using this
mode, the [SOp,ckground noise (HV)] Will be subtracted from the acquisition

data.

Protection UV
(UV Option)

Choice is ON or OFF

ON: activates a filter to protect the UV sensitive samples.
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High Voltage UVISEL with Monochromator:
The user has the choice between two High Voltage modes:
* Fixed
Enter the fixed high voltage value in the related field (located on the
right). During the acquisition, the high voltage value will not be
changed. This is necessary when fast kinetic acquisition is performed.
* Automatic
The software performs an automatic feedback control on this relation:
HV =1(S0) using a calibrated HV curve and the SO measured value. The
High Voltage Field set the minimal HV Value.
UVISEL with MWL:
As MWL includes many PMTs, a good idea is to fix the High Voltage
values for each PMT to avoid inconsistent acquisition signal when fast
kinetic acquisition is performed.
These fixed High Voltage values can be adjusted manually or retrieved
from an existing experimental file. The figure below shows the window
from which this action can be done.
S [ B8 | O ([ o o = & o 1
Gt ] B EeTe AT e
'E:qususmuana Experimental file with HV values }ms:zkm il
g;ﬂﬂé?;ﬂ [channel [wavelength (nm)|  Energyv) | vatiall [ Hv 1) ﬂ
Dﬁﬂzw d (] 300 ves|| 310
- rop down ?nf 1 each HV value
experimental file vl W can be edited
& LotiD.SamplelD.17h 23mi 400 3.0996 Yes 300
e ~ @ o om| =] manually
E ‘Z‘l?ﬂ‘:';:m 9 460 26953 v: 300
ngzug ::Iss‘;i 17 620 1.9997 vesl| 300 Retrlevlng Values
a0 ape o | m wns v | from the experimental
mer B o | m| file
| Lo ver] X oo |
23'23".12‘3?355; 26 800 1.5498 ves | 300 _From Views |
. sitem? wasEne e [ o ([
S0 Min / Max Choose a SO range (minimum and maximum) in which the High Voltage

does not change.

CCD Integration
Time

For MM-16 only. When the Kinetic acquisition is setup, the CCD Integra-
tion Time is just an information field which becomes active only after the
Prepare step. The integration time is automatically calculated according to
the kinetic timing.

CCD Accumulation
number

For MM-16 only. Information field. According to the kinetic timing and the
CCD Integration Time, the Accumulation number will be automatically
calculated.
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* There are several buttons on the acquisition bottom screen:

Prepare | . Bun | § Views Save As| Save as Default

The classical “Save” buttons to save an
acquisition configuration for further use.

Switch to the Real Time (Views) Acquisition screen: it allows to
verify the acquisition level on a sample.

Become active when the Prepare button has been activated. Pressing the Run
button will activate the kinetic acquisition program.

Once the Acquisition Configuration parameters has been completed, click on this Prepare
button. This action is available only for kinetic because the software tests the hardware and
retrieves the real Integration Time value and prepare the experiment to run the kinetic acqui-
sition to minimize the spare time.

Clicking on the Run button will launch the Acquisition measurement. The created file is
called Experimental file and will be recorded in the Result\Acquisition data folder
with a .Kib extension.

21.3 Model Creation

This chapter describes how a kinetic model is created.

Conversion to Kinetic

The structure of the Kinetic Model defers from the standard spectroscopic. If a spectro-
scopic model must be used in a kinetic measurement, the file must be converted. The pro-
cedure is very simple and described on the figure below:

= W Models

B (] tutorial
3couches_refdsp.mdl

avec protection UV.mdl

-fy Bare_Si_NKF.pd

ew Spectroscopic Model

Right-click on the file to convert

echl-ref. md  New Kinetic Model
o} GST_newms:
- Hey Fold
- ITO +2layer: Cz;"f . e
:;'_—O'fpc-';:: Paste Chrl
i Rinelic.m Delete Del : :
@) natox_13020 oo colen Select this ghowe to perform
@) nr75 sur sim gpen T the conversion
nr?5 sur si_c e ]
-~ mld nr75 sur si3.  Open as Text Ctrl+T .
{8} nr75 sur sid.  Todks 5 NOTICE: the conversion can also be per-
o) nr75 sur g4, Find... cul+F formed from kinetic to spectroscopic model.
-l ne?5 sursidt Procedure is the same.
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Getting Started

From the Main Menu, click on the Mod.

icon ,

Model choice.

then select the Kinetic

¢ Application Library

Spectroscopic Model

Kinetic Model

Y o

Serial Multimodel

$ET (2 BT

Bound Multimodel

sce Modeling Scenario

Setup

X Cancel |

OR

Kinetic Measurements

From the TreeView list, right-click on the

Models folder, located in the User Library.
Then select the New Kinetic Model choice.

’7"7%\‘ g‘@i‘m\m Acq. Mod g;d i

Models

[

= W User Library
> Acquisition Routines

nght-cllck

P Data*
P Subsu.

New Kinetic Mode!

The following start screen will be displayed. We can notice that, excepting the Deposition

bar, there is no difference with the other Model Creation profiles.

’7”7%\‘ g|[§£| Rat Acq Mo ra, Rec. Fom

Materials

M| i Kinetic Model - Noname2. mdk

= W User Library

& P Acquisition Routines
- I Data Manipulation
I Substrates

P> Materials

= I Models

B Grids

P Recipes

P> Report Templates
= V Results

P> Acquisition Data

-

P> Model Results
P> Recipe Results
= W Reports
P Model Reports
P Recipe Reports
= W Application Librany
P Acquisition Routines
- I Data Manipulation
P> Substrates

P> Recipes
P> Report Templates

Deposition bar

r‘Eﬁ‘Lr‘f |

Madel structure | Graphic Resuls |
Fiesuls |

Al vl eleln| sl e e

\wlafer Map

EI@IEIM Save resulls lllel Update: | Show

Left: [ = % | Fiant: | =l
Tirietrezs wiit| N <] | I Clearresus befars fit | I Clear graph befars simulation | = Shaw al fiing steps

H e e

a0l:[~[  70.000 * ¥ Eup e ||

Deposition

[~ Modeling description |

— Dutput desanl\un

Fitling choice Fitting procedure
[Detaut =1 ||[Single step |
Add |ﬂ| Edit | Add |1ﬁ'r| Edit |

4

[Defaut

[Dretaur

Add |@| Edit |

Add | ﬁ” Edi

Simulation Save
' Savess §
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* The Kinetic Model can be composed of a substrate, several fixed layers and
a layer with a changing thickness which must always be on the top. As for
the others models, drag the material over the substrate and then the layer
T Coinp_tearef Thickness it | & ][I Clar sz before i | | Clear graph befare amudation | 1 Show 2l fing steps ‘
Cflnﬂisﬂ_rgf J w07 700000 | vEwmFie: || 1

C-insb_asp.ref
(@] C-si_isa.ref
&% oSi_dy.cle
Csi_uv.ref
Csi_wor.ref

C-sihdop_asp.ref
Fe203.ref
Gaas_asp.ref
Gaas_hjy.ref
Gaas_isa. ref
Gaas100_jel ref

rsioz.dsp

l C-si_isa.ref

. ! \Fiting choice Fiting pocedius bodsling desciption | Dutput desciplion |
g:::['u;lj;:i’sepf.ﬂéf IDeFau\t j ISmg\e Step j IDelauIl j |Defaull j Simulation Save
Gel00_jel.ref ol i I e = e i Fi Sevits
Lt Lido o 5

¢ Output Description Setup

Before to continue the explanation of the kinetic feature, verify the Output Description
conditions. These conditions are important because it could impact on the availability of
parameters. For example, to display the n&k parameters on the final output, it is import-
ant to check the n and k as Calculate graph (sce the figure below).
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|

Heh | Output Description

[ iINbO = i

[iNbO Output description name : lDefault

L TO 13 Output Result | Model post-calc. Layers post-calc. ]Scripted post-calc. | Recipe output | Model output check]
MgF2_|

MgF2_| v Adjust graphic X axis after display

MgO.dj
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The Deposition bar can be moved through the layers. Actually, only one layer can be fit-
ted as a deposition; the figure above shows this working structure. Future upgrade will
extend the use the layer(s) etching.
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The figure below shows the deposition configuration.

Click on these arrows to move the deposition bar Deposition/etching switch (etching is for future
extension)

Estimated final thickness value
Estimated deposition rate

KinThickness |Materials | LB.R. | Checks |

' Fit These parameters are used to avoid a
final false result if a datapoint is com-
pletely out-of-range. In such of situa-
tions, the %2 is higher than the
threshold entered value and DP2 will
use the Multiguess values to fit the
next datapoint. The fixed thickness
value (here 1000A) can also be set
when the thickness is approximately

constant (e.g. process control).

Thickness value :

DepositionfEtching rate

¥ Switch to new thickness value when X* >

& Fixed thickness value

. " Fixed thickness value Start - 1000 A
" Multiguess : X

End : 1000.0 A
Increment - 200.0 A

Ok I Cancel | I

Figure 21-1 Fitting choice properties
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The following figure shows an example of a kinetic measurement.
. Calculated thicknesses curve
Thickness  cyjcylated thickness with an out-of- s
A range 2. This value will be kept, but the \ “\'\c\‘“e“.‘c\a\ess
next measurement point will be calcu- \‘eofe“ﬁa’ o e ¢
lated from a fixed value or a multiguess _ t/c, c{(d‘“?’
according to the entered parameters (see P a( ate
the figure 21-1). -
-—
-
-
-
-
-
-
-
-
-
=
=
-

T 1
\ t
e Calculated thicknesses

measurement point
e Theoretical thicknesses

—— Final retained thickness curve

IMPORTANT: The «Multiguess thickness value» will be chosen for a growing thick-
ness (deposition).

The «Fixed thickness value» will be chosen when the thickness is approximately con-
stant during the kinetic measurement (e.g. process control..).

* Once the Model has been built and fitting choice properties defined, it
becomes possible to fit it using the following two methods:

1 From the Model Kinetic Structure screen, with an Experimental file: click on
the Fit button to launch the Fitting process,

Thickness urit : IA VH ¥ Clear results befare fit | [¥ Clear graph before simulation | [~ Show all fitting steps

a0l [ 69.859° ¥ Exp. Fie: I’Wmnamﬂ.LotID.Samp\eID1D.1Dh4?mm23® kil
—— —
E 10000 [msioz.dsp x| x
~ Deposition
. C-gi_isa.ref X|

Fitting choice —— Fitting procedure — 1~ Modeling description — 1 Output description
IDefauIt j ISing\e Step j IDafau\t j IDefauIt j Simulation e
add || Eat. ||| aas || car | aae | @] e || A | @] e Fit S

2 From the Kinetic Recipe by inserting the Kinetic Model with the Acquisition
Routine: see “Kinetic Recipe” on page 303.
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21.4 Simulation

When no experimental file is available or if the Model structure needs to be prepared
before a real acquisition, the Simulation feature can be used. To perform a Kinetic Simu-
lation, enter a Deposition Rate value as explained on the figure below.

Fitting Choice Properties for layer #1
KinThickness | Materials | LB.R. | Checks

¥ Fit

Thickness value : 1000.0 A

DepositionfEtching rate I 1000A/s

¥ Switch to new thickness value when X* > I 5.0

" Fixed thickness value 10.0 A =

2500.0 A
# Multiguess 5000 A

Cancel |

FEsioz2.dsp == Launching
Deposition Simulation

. C-si_isa.ref

Fitting choice Fitting procedure odeling description Output description ] ) X
Crefault j ISingIe Step j IDefauIt j IDefauIt j Simulatior Save
Add a@-l Edit ... | Add | a@-l Edit... | Add | a@-l Edit ... | Add | a@-l Edit ... | Fit Save Az

Right-click on the deposition layer thickness value to display the parameters related to the layer.
From this window, the deposition rate can be entered.

Validate the entered value, then click on the Simulation button to launch the complete process.
The graphics results are automatically displayed in the “Graphic Results” tab.

21.5 Kinetic Recipe

The Recipe feature performs the complete acquisition and fitting process on the fly. That
means that an acquisition routine will be applied by respecting the strict defined timing
and the fitting process will be automatically processed using the multitasking computer
mode.

Before launching the Recipe feature, the Acquisition Routine should already be created
(see chapter “Acquisition Routine” on page 290) and the Model should be built (see
“Model Creation” on page 297)
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BRI R R IR vk B
Models M| & Kinetic Recipe - Noname7_rck KD M= =

£ W User Library Kinetic Recipe Definition | Result |
= W Acquisition Routines

{iwh 1.5-6.5_0.1.acq

|»

fiwiy AM zero calibration.acq
fiwy GST2.acq

@ natif. acq

fiwh) natif2.acq

{@ Noname1.acl

fith Nonamel.acq

@ routine_pkg

@ test.ack

{iw) test.acq

- > Data Manipulation

> Substrates y
& > Materials Acqusition Routine : Nonamel.ack
= W Models

&[] tutorial
3couches_refdsp.mdl
avec protection UY.mdl
Bare_Si_NKF.mdl
cSi-SiN.mdl
echl-ref.mdl
GST_newmap9.mdl
ITO +2layers mdl
ITO-ppc. mdl

natox_130207.mdl
nr75 sur si.mdl A
nr?75 sur si_2.mdl Model - ‘Kinelic,mdk
nr75 sur si3.mdl
nr75 sur sid.mdl
nr75 sur sidb.mdl
nr75 sur si5.mdl
= P Grids

&- B Recipes

& B> Report Templates

m

¥ Results

I Acquisition Data
#- P Model Results
#- > Recipe Results
¥ Reports

> Model Reports
I Recipe Reports

- W Application Library
Pr 7
- I Acauisition Routines = —repare Bun Save Save As ...

=

—

1
Click on the Prepare button to synchronize The Run button becomes active and
software and hardware, and thus optimize launch the full acquisition with the fit-
them for the kinetic measurement ting process.

Results

Once the Recipe is launched, and as soon as a measure is ready, a popup window will be
displayed with the current results. At the end of the process, the overall results are dis-
played in the Result tab.

21.6 Fitting Process

The fitting process is the final step to obtain the results. This final process can be
launched automatically if you are using the Recipe feature but can also be launched man-
ually from the main Model window. This chapter explains this last option.

e Preliminary
The Experimental file (acquisition) has been already created,

The Model is created and ready to be used.
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* Run the main Model Windows (see “Model Creation” on page 297). The fol-
lowing window is then displayed:

EHIEEIEE

LTI I
#at. Acq. mod. Grd. Rec. Tem
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=W User Library
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-
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Fit

~ Fitting choics ’, Fiting procadus ’— Modsling dessription— — Dutput dascription—

acd | i | Ea add | fip | Eat acd | i | e || s || et |

Save
Save ds 1

The above window shows a built Model with the Experimental file. The experimental
file (red circled on the figure) has been previously created (see “Acquisition Routine”
on page 290).

e Click on the Fit button to run the fitting process. The real time process is
then displayed in a pop-up window. Once the fit finds the best xz, the full
resulted parameters are displayed in the Model structure and the Graphics
Results tabs. Figures below shows the displayed windows:
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Once the fitting process is launched a pop-up windows shows the real time process. Once the best xz
is found, the final results are displayed. To see the detailed results, close this window. The following
Graphic results screen will be displayed: up to 4 windows can be shown and configured at will.
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On the bottom right corner, select the number of wished graphics windows, then click on
one of the icons @ to display the following Kinetic graph configuration screen:

Kinetic graph configuration ﬂ

| Select the Left-bottom-right axis units

Left Bottom Right =
I'I'hickness j lﬁ jﬁlng vi
Maz =
Left auis: BqMa3 J Fiight awiz:
M4
.- i
Left Fitted | ©
n
» K = . .
@ Select the graphics colors and line styles
Ling ; [ Paints
Colar : ] |'| Style | ] 'l
Style : I 'l Height |3 vl
3 -

Thic:kness:l'I vl width I I
él | | ﬂ Cloze

If some parameters or observables are not available, see Qutput Description Setup in the
chapter “Setup” on page 298.

Once the graphs configuration have been made, you can studies them by using the time
slider located below the graphs.
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« To visualize the text mode results, click on the Model Structure tab. The fol-
lowing screen will be displayed:
Graphics Mode Results Text Mode Results

i Kinetic Model - Kine tic mdk

» raphic Fesults |
Resuls | Layer post caleulftions | él | ﬂ-l Save results fileI pdate | Show reportl
INEAE NN S E =t B e e = T
T

Left : Ils Ll\x IPhoton Energy = | thht'lln =l

F0 200

| 0.150

0100

L0080

* Fo.000

: E-0.050

Is 0000 f----mmmomo oo e E 0 100 Ic

|-0.150

| -0 200

|--0.250

-0 300

|--0.350

~1.000 : g -0.400

2
Photon Energy (eV)

Fit | 1 | Is = 0.927 | Photon Energy = 2.85 e\ k = 0.041 _,|;|
Thickness unit : [ ~]| & Clear results before fit | % Clear graph before simulation | T~ Show all fitting steps |
A01: 70.000 * ¥ Exp. File:_|[2009.07.09.Noname1 LatiD. SamplelD 1010 47mm 23z kib il

i x| =
T WiEisios den
ENs eposti
. C-si_isa.ref x|
Fitting choice Fitting procedure Modeling description Output description —
[Dratauit =1||[5ingle Step =1 | [oetaut =1 || [Defau =[|  Simulation Save |
aad | i | Eat.. ||| add [ | ear ||| ada || Ede ||| ada || et | Fit | Sevele |

e All of the others feature, including the Report Template, are operational
and identical to spectroscopic acquisition.

21.6.1 Saving Kinetic results

Kinetic results can be saved using 3 different formats:

kin extension: this format arranges all the data according to each time increment.
To visualize the data, right click on the file (from the TreeView) and select the
Open as Text choice.

.kib extension: it is a binary file which cannot be modified or visualized. This file
takes less size on the hard disk with a higher safety protection.

.cle extension: This format rearrange data using the CLC (CaLCulation) format.
The data are organized in function of the wavelength. In other words, all the data
are arranged for each wavelength increment. Additional Manipulations can be
performed using the Data Manipulation feature (see “Data Manipulation” on
page 117)

This format allows the Excel import for a data processing.
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22 Checking files

DeltaPsi2 includes a powerful files checking feature. The advanced properties described
in this chapter are recommended only for expert users. The user can precisely analyze the
files properties and will able to answer the following types of questions:

*  Which file is linked to a recipe, a model etc....

e Which file is not linked,

*  Which file is corrupted,

*  Which file can be deleted...

i NOTICE: The checking procedure will only check the current user profile.

22.1 Accessing

Click the Check files integrity icon ﬂgﬂ:" located on the Button Bar.

. Y [

X

The following screen will be displayed:

Checking the "Peter” User Library and Application Library . 5'

Please choose checking options below :

¥ Check references loading!

[~ Check acquisition results loading

[~ Check calculated files loading

™ Include non-DeltaPsi 2 files

If you activate this option, the checking routine will try to read every reference files. Reference files have
the .ref extension. This option will slow down checking process.

é Go \ ﬂ Close |
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The Checking screen shows additional selective options for analyzing and checking files.
Each choice can be added to another for a complete (but time consuming!) files control.

The table below shows which format and how each format will be checked according to the
selected checking options:

Files formats

Checking Status

.REF

Listed or fully checked if the additional option «Check references
loading» has been selected.

.SPE
KIN

Listed or fully checked if the additional option «Check acquisition
results loading» has been selected.

.CLC

Listed or fully checked if the additional option «Check calculated files
loading» has been selected.

PKG, .RCR
.MDR, MMR
.SCR, .RAF

Listed but never fully checked.

MDT, .RCT
MMT, .SCT
DSP, . ALY

.ACQ, .PPC
SPL, MDL
SCE, .GRD
RCI, .RCM

.UDF, .UDA
BMM, .SMM
DMN, .RSN

ACT

Listed and always fully checked

.HTML, .DOC
JPG, WMF
.EMF, .TXT
.CSV, .RTF

and other exten-
sions

Listed if the additional option «Include non-DeltaPsi2 files» has been
selected, but these files cannot be fully checked

Once the options have been chosen, click on the button to launch the process.

Figure 22-1 shows an example of a resulted checked screen. Many different properties are
available from this screen and are detailed below.

«Processed files» tab

On the top, «radio» buttons allow the user to select the sorting list type:

e TreeView file names,
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* group by file extensions,

* most corrupted files listed first and valid files sorting by TreeView order.

The listed files are organized in three columns:

¢ A check in selection which validates the ’ 1 Delete and close | button: the selected file
can be then deleted. Take care.

¢ A file name list with location.

* The status for each file:
loaded means that the file has been fully checked and loaded properly,

loaded, X error(s) means that the file has been fully checked and loaded properly but X
linked files are missing or corrupted,

reference by N file(s) means that the current selected file is linked and used by N other
files. Click on a file to highlight it, the complete information will be then displayed on
the bottom screen area. The linked or referenced files are also listed.

It becomes easier to manage, control, test and verify the integrity of all of the files.

Checking the "Peter” User Library and Application Library 4 ll

Processed files |Empty Folders | Statistics |

& Sort list on name ¢ Sort list on file type " Sort list on checking results

5... |File name and location Status ﬂ
I_ <Uszer Librarp\Acquisition Routines> natif.acq Loaded. referenced by 1 files(s)
E <User Librarp\Acquisition Routines> natif2.acq Loaded
I_ @(Usm Library\Acquisition Routines> tine.pkg
E @ <User Lihlaly\Acquisiliun Routines> test acq Loaded. referenced by 3 ﬁles[s]
S 7 L
L . (ds# <User Librarp\W ials> Recif\phot ._protect uv_dsp Loaded. referenced by 1 files(s)
L . (reft <User Library\M aterials> reference\C-INPabs_ref Loaded. referenced by 1 files(s)
I_ . <User Library\Materials> referencei\C-5i_isa.ref Loaded. referenced by 1 files(s)
E . <User LibrarpiM ials> 3 ls\Woid.ref Loaded, referenced by 1 files(s]
L (s¢) <User Library\Samples> 3couches_refdsp.spl Loaded. 1 I=). ref 3 files(s). ref d
E—Im T e Ay S R . W) | B W a0 I S T S (:I;llﬂ

File informations

----- File name : <User LibraryiMaterials> SiOx.dsp
----- File type : Dispersion Formula

----- File date : 26/02/2003 16:43:12

----- File size : 1.15 KBytes

i s File loading : Correct

- Referenced by these files

-[# <User LibranASamples> nr75 sur sispl
<User LibranASamples> nr?5 sur sid.spl
{5 <User LibranASamples> nr75 sur sid_spl
-[# <User LibranASamples> nr?5 sur si_2 spl

)
R

i Delete and close | [ Close ”

Figure 22-1 Checked screen

«Empty Folders» tab

Click on the Empty Folder tab to list the empty folder(s) founded during the checking pro-
cess. This feature is useful to clean a DeltaPsi2 profile.

Figure 22-2 shows an example of an Empty Folders screen:
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Checking the "Peter” User Library and Application Library
Processed files Empty Folders | Statistics

510

Folder location |

ol

(L] <Results\Recipe Results> 2003.02.24\Noname4

1f Delete and close | i Close ”

Figure 22-2 Checking Empty Folders

Checking files
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«Statistics» tab

The Statistics tab summarizes the general checking results. Figure 22-3 shows an example
of the displayed information.

Checking the "Peter” User Library and Application Library i ll

Processed files | Empty Folders Statistics

Total processing time : 00 hours 00 minutes 07.166 seconds d
Humber of empty folders Lty

Statistics on processed files :

File type | Humber | Total =ize | wf/Errors | wi/Warnings

| |
Package File 1 628 Bytes = =
Recipe Result 16 102.35 KBytes = =
Model Beport Template 1 282 Bytes = =
Reference Data 171 1.02 MBytes = =
Spectroscopic Data 4 40.48 KBytes = =
Dispersion Formula 12 9.18 EBytes = =

Alloy Data

|
|
|
|
|
|
1] 131 Bytes
1
|
|
1
|
|

Total | 259 | 1.48 MBytes | 6 | 0|

Aciguisition Routine 5 4.71 EKBytes 1 =

Sample Definition 19 152.27 KBytes 1 =

HModel 21 109.52 EBytes 4 -

Grid 4 41.63 KBytes . .

Immediate Analysis Recipe 1 162 Bytes = =

Mapping Recipe 3 3.05 EBytes = =
|

kil _>IJ
1f Delete and close | i Close ”

Figure 22-3 Statistics
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23 Cooling/Heating Stage

23.1 Definition

Optionally, your Ellipsometer can be equipped with a Cooling/Heating Linkam T9X Stage.

DeltaPsi2 controls the Cooling/Heating Stage by using a Temperature Control Routine
which can be fully arranged by the user. The Temperature start and final values, the incre-
ment as well as the ramp rate with the stabilization delay can be fully setup.

Before using the stage, a driver installation must be performed.
Preliminary requirements:

*  Your System must be compatible with this option,

¢ DeltaPsi2 Software must be already installed,

* RS232 communication port must be available on the PC Workstation and the
Cooling/Heating Stage properly connected. Read the Hardware installation
described in the Stage manual.

23.2 Driver Installation

Two steps are required for installation. The driver is delivered on a CD with the cooling/
heating stage.

1%t Step: Locate the Setup TCC Server installation file igé%;ﬁi’mi‘fs‘“ on the CD, then dou-
ble-click on it. Follow the procedure explained below:
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& Setup - TCC Server,

1B Setup - TCC Server

Select Destination Location / Select Additional Tasks
Where shoud TCC Server be installed? wihich additional tasks should be performed?

1B Setup - TCC Server
Explore the fuur

‘Welcome to the TGC Server Setty
Wizard

This wil instal TEC Server 2,6,5.1 on your computer,

Select the addtional tasks Jd ke Setup o pesform phil instaling TCE Server,
[ Setup et TCC Server s the Flloing flder i s e e R

It is recommended that you close ol other applications before
continuing,

To conkinue, dlick Nexct. IF you would like to select 3 dfferent folder, click Browse. Additional icons:

lick Next to continue, o Cancel to ext Setup [ Ereate a deskiop icord

|

Atleast 2,4 B of Free disk space is requred,

(i Sl [tk ]t et

Cancel

1B Setup - TCC Server

1 Configurator for the TCC Server.

" Selectyour "Temgeratire Controller®

Ready to Install

© Enulation Contraller & Tinkam 46 Contralian Setup is now ready to beain instaling TCC Server on your computer.

.
Select the cooling/

1 —————— Click Install ke i ith the installat lick Back if It b
heatlng stage Gk ndaltocone wehthe otletion, o Bk you wan o v

This mode handles a Lnkam T85 "Temperature controllzr"

connected to & serail port of he computer Destination location:
C:\DelkaPsi2\TCC Server

Seral port numbe’ COM1 ]
Select the RS232 =

Communication
port

X Sancel

‘1 e o] oo

18! Setup - TCC Server

Information
Please read the Follawing important information before eontinuing

Completing the TCC Server Setup,
Wizard

When you are ready to continue with Setup, click Next,

Setup has finished instaling TCC Server on your computer.
- The application may be launched by selecting the installed
[Version 2.6.5.0001 - 06/12/10 icons,

Click Finish to exit Setuf
 First offcial version i

+ Manage the « Emulation mode » and the Linkarm TMS9x controller.

Validate to finish )
driver installationj

d

2" Step:The new TCC Temperature Server must be added to the ShellServer. Follow the
procedure described below:

1 Close DeltaPsi2 Software if it is running,

2 From the taskbar located on the bottom right hand side of the desktop window, right-
click on the Shell Server icon, then select Exit,

Shiow »
Exiting Shell Server - Hide k 4

Hide shell Server

g0 @ 1m0

DeltaPsi 2 Software 316



05/20/2016

HORIBA

Sci

entific

Cooling/Heating Stage

3 From Windows Explorer, double-click on the ShellServerConfig.exe program located
in the C:\DeltaPsi2 folder. Follow the procedure described below to add the TCC

Server:

Shell Server configuration tool

Shell Server configuration tool

Local hardware servers

Enter the sensor and actuator servers which are directly connected to this

&dd to this list the sensor and actuator servers directly connected to this computer.

Server ype |

Server path |
CADelaPsiZ\dequisiion'F astACHSimulalor. exe

Fastbcg Server

Add local server 2] Updalelucalsewerpathl B Remove local server |
N

io 0o [on]
o]

Local hardware servers

Enter the sensor and actuator servers which are diectly connected 16 this
.
HORIBA

Add to this list the sensor and actuator servers directly connected to this computer

Server ype Server path |

Shell Server configuration tool

Final check before saving
Check. the selected options and save the configuration...

Fastéeg Server C:ADelaPsi2vbeguisitiontFastd Tl Simulator exe

C:\DeltsPsi2voquisition'E lipsometiicS erver exe

Elipsometric Server

Hardware configuration
Select which type of computer you are cunently instaling..
& Rifokstationt Select this option f DeltaPsi softwars is supposed to be installed
on this computer
© Conlroller Select this option if this computer is used ol as 3 hardware
contraller for sensors and other devices.
e | et _>
¥
Local hardware servers
Enter the sensor and actustor servers which are dirsclly conf—
machine...
Local hardware servers
aPsiz's Add to this list the sensor and actustor servers dire )
Enter the sensar and actuator servers which are diectly connected to
machine
oca p
Select the type of setver and the path to the server exec e fapsiz's Al ta this st the sensor and actuator servers diectly conn
Server tlype : - —
Server path: |Fastdc Server Select the type of server and the path to the server executable file.
Elipsometic Server
Reflectometric Server Server type
LCE Server :l x
HatorS | Sciverpath: [CADeltaPsi\TCC ServerhTooServer exs
rary
lations. Ok qﬁ
Iations Add local server | B Update lacal servs|0rars
nMT | lations.
s @ E
ations Addlocalsever | B Update localserver path |
nMT =
omanc] B Est [

Pleass, review the selected options befare saving
Current confiquration is for a workstation

There are 3 lacal servers defined -
Fasthog Server (CiDehaPsizvhcquisiion’Fast 0% mulator exe)
Elipsometric Server (C\DeltaPsizbcquisition\E lipsometricServer ste]
Temperature Controlled Cell Server (CADekaPsiZhTED Server\TecServer exe)

Save the new settings

Add local server | 8 Update\u:a\servelpalhl B Remove local server

(EER S,

B Ei | Bl Back

Shell Server configuration tool

Remove server connection

Indicate if this machine connects to one or more controllers o access
hardware:

I this wirk station connected to & distant contraller to access the hardwate sensors and actuators ?

B Esit |

23.3 Accessing

[ Back

B Esit |

There are two ways to access to the Temperature Control Routine window:
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Click on the Acq icon located on the Main icons bar

AEEEIE] B

=K S

+ B User Library

- > Results

+ I Reports

& [+ Application Library

Create new acquisition routine ...

& User Library: © Application Library

Reflectometer | RN-1 r| LCE |ETR‘ Temperature |S>E
Temperature Control

Select the Temperature Tab

Then select the Temperature Control choice

@ Acquisition Scenario | ‘
X Cancel

OR

"‘"""’“Eét\ Eﬁ###### EEEE‘;,
| ’E | B’ | ‘ #hat. Acq. mod. Srd. Resc. Tem. Eﬁ Ri ht Cl. k th
— - -CIlICK on the
Acquisition Routines Ll et g
.« o e o
U Lo Acquisition Routine folder
28 3 Acquisition Routines
P Data Manipulation Mew Ellipsometer Calibration Routine
e Spectroscopic Acquisition Routine Mono
Substrates Mew Spect ic Acquisition Routine M
’ Materials Mew Spectroscopic Acquisition Roukineg MWL
E, I+ Samples Tew Kinetic Acquisition Routine Mono
_ ' Models Mew K?net?c Acqu?s?t?on Rout?ne MWL
E_ ' Multimodels :ew :;:t:: AC.qL.ItI.SItIDRn R:-Utm; LZE
=N Modeling Scenarios e cqu!s! !on o !ne e
£ % Mew RET Acquisition Routine MWL
= [ Grids i
% P Recipes Mew Reflectometer Calibration Routing
I [ p Mew Reflectometer Acquisition Routine
Bl Report Templates Mew RM-100 reflectometer routine
FJ B> Results Mews LCE Calibration Routine
B : Reports Mew LCE Acquisition Routing
- [ Application Library Mews LCE Iritial Acquisition Routine
Mew LCE Advanced Acquisition Routine Then’ seleCt the
Mew LCE-RM Acquisition Routine New Tem perature Control
Mews LCE Reflectivity Acquisition Routing . .
Mews LCE Transmission Acquisition Routine g Routlne ChOlce
Mew ETR. Acquisition routine
Mew Temperature Control Routine
Mew Simulated Acquisition
Mew Acquisition Scenatio
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23.4 Creating a Temperature Routine

The Temperature Control starting window will be displayed. The displayed default values
shows the lower/upper temperature limit of the delivered Stage. The other parameters can
be set according the measurement procedure.

— —
Tt | @) Auto | =
g ELLLLELL R @ O KE B = Q¢

| & Routine “Temperature Contral” - Nonamel.acq

+- P> User Library

+ B Results

= B Reports

= I Application Library

Parameters 1 Graphs ]

Step definition

First temperature [ -196.0 ‘C
Last temperature | 600.0 °C
Temperature Increment | 796 C
Ramp definition

Ramp rate | 101 *C/mn
Stabilization delay | 5 alvl g

|

Save | Save As | Save as Default

23.4.1

1

How to set the Routine

Enter the temperature limits of the experiment: first temperature is the lower,
last temperature is the upper.

Enter the Temperature Increment: according to the entered value, the routine
steps are automatically calculated below.

Enter the Ramp rate: this value limits the temperature growth calculated by min-
ute. This parameter is necessary for some samples which cannot withstand a fast
temperature variation. Please notice that 20°C/min. is the maximum Ramp rate
(according to the hardware capabilities).

Enter the Stabilization delay: a high performance temperature stabilization cir-
cuitry has been integrated to the system, however the user can apply an additional
scrutinizing. The temperature control scenario is organized in two steps:

* As soon as the temperature is reached, the hardware regulation circuitry is
activated and the target temperature tries to be stuck within 0.1°C.

* DP2 keeps watch on it and as soon as the target temperature is reached within
+0.1°C, DP2 starts the Stabilization delay. During this period, if the tempera-
ture moves outside the £0.1°C range around the target temperature, the Stabi-
lization delay stops and will restart as soon as the target temperature will be
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inside the £0.1°C range. If, during the Stabilization delay, the target tempera-
ture remains stable inside the +0.1°C, the Stabilization delay stops and the
routine temperature step ends.

5 The diagram below shows the temperature progression to a defined target tem-

perature with the Stabilization delay.
Hardware Stabilization Temperature is stable: end
Temp. stabilization delay of Stabilization delay
A <>
target temp.
Ramp rate
. » Time
1min

23.4.2 How to use the Routine

As shown above, the Temperature Routine includes a step for each programmed
temperature. These steps will be used in the Recipes.

The Temperature Routine is programmed as a continuous loop. Each Run action
moves to the next step.

23.5 Creating an Immediate Recipe with Temperature Control

In the previous chapter, we have seen how create a Temperature Routine. This routine is
organized by steps. We will create now an Immediate Recipe which performs an acquisi-
tion at each temperature step. Follow the steps described below:
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1 Create a new Immediate Analysis Recipe: see “Immediate Analysis Recipe” on
page 254. The following screen will be displayed.

s - e

o O = @)

= T%\ A '/?cq P o, IEEHEB = = 9@
Results Pd| & Immediate Analysis Recipe - Nonas EIS BEE

¥ User Library Reporting and Export | Data History |

= W Acquisition Routines Definition | Recipe Steps | sample Judgement Criteria Final script Execution Criteria |

@ 2009.07.09.Noname1.LotiD.S:
(@ Example JY.11h 04mm 20s ki | Create umup‘ Delete umup‘
@ LotiD_SamplelD.17h 23mm 10
@ Noname1 acn
(@ Noname1.acq
(& Noname2.acq
{w} Noname3.acq
@) second.acq
@@ Temperature Routine testac:
P> Data Manipulation
P Substrates
+ B> Materials
+ B> Samples
=¥ Models
#- (1 Modeling scenario test
2tmdl
2 WithVF_mdl
2mdl
saphir_back mdl
saphir_rough.mdl
Si0 on PET.mdl
% B> Mulimodels
% B> Modeling Scenarios
« B> Grids
« P Recipes
= B Report Templates
B> Results
> Reports
B> Application Library

Acq. Routine Sampling Interval

2 Save [sﬂvegs, + Run Output Description ‘

2 The aim is to perform an acquisition at each temperature step, which means that the
Temperature Routine must be alternated with the Acquisition Routine.

Click on the Create group button to add a new group.
4 From the TreeView, drag and drop the previously created Temperature Routine to the
15t group.

NOTICE: The Temperature Routine must always preceded the Acquisition Routine
concerned by the temperature steps.

Acq. Routine column of the

From the TreeView, drag and drop the Acquisition Routine and the Model.

In our example, we have 4 temperature steps. If we want to really analyze the sample at
each temperature step, we must change the Repetition count parameter to 4 for the both
groups. The figure below shows
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.
R L LR

Results

W User Library

=W Acquisition Routines
{3 2009.07.09.Noname1.LotiD.S:
@ Example JY.11h 04mm 20s_ki
@ LotiD SamplelD.17h 23mm 10

Reporting and Export I
Definition

group ‘ Delete groupy

Data History
Recipe Steps

e & Auto o
Rewd (]| KB

_vJ @ Immediate Analysis Recipe - Noname4.rci

] Sample Judgement Criteria

Final script

5 ¢

Execution Criteria ]

-

R T e

fii) Noname1.acn
{wh) Nonamel.acq
fw Noname2.acq
@ Noname3.acq
@ second.ac
{i) Temperatur

P> Data Manipulatio

P Substrates

P Materials

I Samples

¥ Models

#- (] Modeling scenario test

2 tmdl

2 WithYF.mdl

2. mdl
saphir_back mdl

saphir_rough.mdl
Si0 on PET.md |

B Multimodels

I Modeling Scenarios
P Grids

> Recipes

> Report Templates

B> Results
I Reports
B Application Library

|~

outine test ac:

Repetition

Acq. Routine

44~ vemperature Routine |esl,tm

4 «| v fecond.acq 1} Si0 on PET.mdl

Sampling Interval

T

& Save

I Save As + Bun Qutput Description I

% TIP: To avoid the continuous heating of the sample when the last step is
reached, a good idea is to add a temperature routine step at the end of the analysis
Recipe. Thus, after the last acquisition Routine, the last Temperature routine will
be launched and will load the next Temperature step which will be in fact the first
Temperature step (Temperature Routine steps are programmed to be running in
continuous loop). The sample heating will automatically decrease to the tempera-
ture set in the first step.

In practice, add one more Repetition Count for the Temperature Routine com-
paring to Acquisition Routine. In our example, we have not added a Tempera-
ture routine as a last step.

Now we must arrange our analysis to alternate the routines. Click on the Recipe Steps
tab located above the Acq. Routine column. We obtain the following window:

I

Routines
M9.Nonamel LotlD.S:
Y 11h 04mm 20s ki
plelD.17h 23mm 10
.acn

.acq

.acq

.acq

cq

ure Routine test.ac
lation

scenario test

W % o T
Ahat. Acq. Mod. Grd. Rec. Tem.

IR

@ Immediate Analysis Recipe - Honame4 rci

Recipe Steps Sample Judgement Crileria

Reporting and Export
Definition
- Step sort order

Final

« by up. " by lteration Index
Step |Group| [lteration Index Acq. Routine Model
1 emperature Ro

Temperature Routine test.al
Temperature Routine test.al

Temperature Routine test.ar
second.acq

Si0 on PET.mdl
Si0 on PET.mdl
Si0 on PET.mdl
Si0 on PET.mdl

second.acq
second.acq
second.acq

N RN - T S P
MR R R = =
EE R I S AL
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As shown on the figure above, by default, the steps are listed by Group and the steps are
not temperature/analysis alternated. Click on the «by Iteration Index» to reach the
wished result. The following window is displayed:
% ?Aéat. :it::q ﬁod.éﬁ'd. ‘b?;c. %m Eﬁﬁ;ﬂ [E"? )“\ = ﬁ @
~ @ Immediate Analysis Recipe - Moname4.rci
Reporting and Export ] Data History ]
utines Definition Recipe Steps lSampIe Judgement Criteria Final script
MNonamel LotlD.S: | _ Step sort order
I;:S:];;"Z";i?sré " by G.ruup @y Iteration !ndex
cn Step |Group| [lteration Index Acq. Routine Model
cq 1 emperature Ro esia
cq 2 2 1 second.acq Si0 on PET.mdl
cq 3 1 2 Temperature Routine test.a(
- 4 2 2 second.acq Si0 on PET.mdl
e Routine test.ac .
bicin 5 1 5] Temperature Routine test.a(
] 2 3 second.acq Si0 on PET.mdl
7 1 4 Temperature Routine test.al
8 2 4 second.acq Si0 on PET.mdl
cenario test
We have an Immediate Analysis Recipe which contains alternated temperature/analy-
sis steps.
Click on the Save As button to save the Recipe.

9 If necessary, click on the Output Description button to adapt the output parameters to
your needs.

10 Click on the Run button launch the Immediate Analysis Recipe. A first window asks for
sample information. Enter the informations, then click on the OK button to Run the
Recipe.

11 At the end of the Recipe, the following window will be displayed:

Graphic presentation results Select each step to display the detailed results on the frame

located below

Execution of the Retipe “<User Library\Recipes > Temp test.rci"

| v Sutometic tracking
£8 000.000
E Fz7 ooo.aoo ttem Delay Acy il Aducgment
4 |26 000000
£4.000000 o Recipe e [ 3
i |24 oo0.000 Step 1 v s The step is GOOD
23 000000
f 2z ooo.ooo Step 2 o W The step is GOOD
21 000,000 %
Step 3 Y The step is GOOD
Fz0 000,000 i ! i
19 ooo.ooo Step 4 W W The stepis GOOD
Fig 000,000 ”
Bl =i Step 5 W The step is GOOD
\ 16 non.oo0 3 [lgiens W w  [The stepis GOOD
m I Fic ooo.ooo &
A NI B i Step 7 vy The step iz GOOD
|12 qoo.ooo @ Step 8 E [ The step is GOOD
Fiz ooo.oo0 & & v v i
F11 ooo.ooo
Fio ooo.ooo
|2 000.000
|8 000._000
|7 000_000
i |6 000._000
B |5 ooo_ooo | 5
R Eenae o~ —————————— =
1 |3 0o00.000 " "
e Identification
. . . . = Lot Mame : Lot Id
250 300 350 400 450 Sample Neme : Sample Id
FRelative time in = Fun actor
| Curment values [Left, Relative time. Right] Judgement
&1 633006 486,375 1645153 Status @ Success
L < | >
ﬁglose i
Cone ,_:'

Results of the above complete Recipe

Click on the Close button to close the window.

DeltaPsi 2 Software 323



05/20/2016

HORI BA Cooling/Heating Stage

Scientific
12 The Results Recipe file has been created and the parameters can be consulted. Double-
click on the .RCR file to display these results. Several parameters windows are avail-
able. The Result tab, located on the top allows the user to navigate along the results.
Recipe information: the Recipe information window groups the general information
about the Recipe analysis conditions.
T e | O | B o o ot B oo T RN ED| (5| ) O OB EIKS
Recipe Results M @ Recipe Result - Lot Id.Sample Id.10h 41mn 30s.rcr EIx BEE
5V Usor Libvery [Recips informatin | Recipe fies | Steps | Tables | Mapping | | RESUILS 14D
. = B Acquisition Routines _— =
- P Data Manipulation Q@‘ i ecipe general information
> Substrates ldentification
} Lot Name : Lot Id
Sample Name : Sample Id
Fun actor
‘ P Modeling Scenarios ﬂ:%en(: .
I B Grids
I Recipes Judgerent table
- > Report Templates
¥ Results Criteria Boundary | Value Judgenent
- : SE‘L‘ZIS::‘:::“?(:‘“ Stopping code of the recipe | O o GOOD, no sever error.
P Muliimodel Resulis Count of the BAD Steps a8 i} GOOD, at least one step is GOOD.
I Modeling Scenario Results
. = ¥ Recipe Results Message @ GOOD, all criteria are GOOD
+ 1 20101217 i ety
=0 2010.12.21 gEc].pE IN‘amL : <User LibraryRecipes> Temp test.rci
&1 2010.12.23 Recipe Type @ [mmediate analysis
B D 20101227 Start : 11/01/2011 10:41:30
3 2011.01.06 End : 11/01/2011 10:49:38
20110111 Recipe steps : 8
i £y Temp test Fun steps b <)
L Lot Id.Sample 1d.10h 41mn 30s.rcr
: {ih 964 Points_rcr
& B+ Reports
= & Application Library
Double-click
on the .RCR file
to display the Recipe
results
Save configuation Shaw a report Print a report

Recipe files: the Recipe files window lists all the files used by the Recipe.

@ Recipe Result - Lot Id.Samnle Id 10h 41mn 30s_rcr

Recipe informatiorl{_ Recipe files | Bteps ]Tables Mapping

Original files package
Extract selected file | Extract all files l

o <U=ser LibraryyRecipes> Temp test.rcoi

i <Uzer Libraryhicguisition Routines:> Tewperature Routine test.aco
-<User Libraryhyicguisition Routines> second.aco

<Uzer LibraryyModels> 3i0 on PET.mdl

<U=zer LibraryhySamples> $i0 on PET.=pl

i <Resultsh Acquisition Datar Z003.05.154%31i0-1%LotId.PET.17h Ofmm 00s.spe
. «<User LibraryiMaterials> 510 evap 15-5-2003.dsp
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Steps: the Steps tab shows the complete information by steps from the steps sequencing
to the sample Acquisition and Modeling.

(@ Recipe Result - Lot Id.Sample 1d.10h 41mn 30s.rcr

Recipe information | Recipe files _Steps | Tables | Mapping |

 Tables ® Statistics ¥ Mapping

Modeling name = | Judgement | Tables [Statistiv.[Mappi.
GOOD ~ [

GOOD

Timfl ~[ Acquisition nalew

Termperature Fo.

Kl

Ci0 on PET radl

Temperature Fio
second.acy

Si0 O PET md|

Temperature Fio
second.acy
Temperature Fio

(o]

£

(=]

T3
SIS
SIS
SIS

cs, grouped by re
Delete

11 UT@H 1 wa:u ﬂD on EET Leia]a]n]
EEET Step general information
Recipe step number : 2
Jud
The step is good | Acquisition data operations ¥
|£couisiton phase Al%|ziv| @a | &lem| @[ B o k|
eauioieion fi1e o sccond.aca [ Loti[E B e e ] =g
Execution
server to - awezon 1 Alzlziv| @o] 1] &mm| @[¢ B ol k-
Pumsein N e o7 Lot [ =] x:[pratoneveray <] igh:[c E
Joteing phase U g
Hndzllng file = 510 on PET.md. 0 075
i
buration - 0,796 e ; 1 { g . 07
064
Modeling Result A 1 065
L1 Thickness (i1 p o " b p
510_evap_15-5-2003 0 ol Ol
Ei e R A I i = oss
510 evap_15-5-2003 a1 K | R -
510 evap_15-5-2003 il | | i 4 . *: 08
530 evap 15-5-2003 1 o5 5 = 5 —
¥ ] = ] [ 1 . o
Iteration Count I / I / Py ry
| Tudgement 0. | I ] 3 4
el TN / Preton Enrey ()
odeTI v i iy | i s i Frton Energy - 2562 a6
vl |
MH[ / P,
i ]
poed 11 v ¥ minimization on Is,Tc
1) o Sin (%) Sin 3, To = Siniz9) ~Cosit)
T ¥ = 82.200900
0. Iterations Number = 19
0.
g 1) LT Thickness (4] - 1640.105 % 2779.048
2 3 510_evap_15-5-21 Eg =  0.7098859 +  1.0433920 ||
Phaton Energy (V) = = 1.9568330 + 4.6253890
i - ailova0s0 & 154.3390000
= . - 23379300 = 15.6346300
Is=0274 [ Photon Energy = 1.51] C = 14.2200100 + B52.5444800
-
oo 4

Tables: the Tables tab displays the results by step and by parameter and also statistics
according to the previous entered criteria.

@ Recipe Result - Lot 1d.Sample 1d.10h 41mn 30s.rcr

Recipe information I Recipe lllesl Steps ' apping!

e group index

Export dﬂlﬂ!

cs for group 2

Recipe group number 2, Modeling: 5i0 on PET.mdl, Acquisition: second

Recipe information | Recipe file:

ables |Mapping|

iverage P 2 - Steps, grouped by recipe group index I ;]
- 1 Add | Modity | Delete | 5| B3 Export data |
L1 Thickness [4] 8114.417 28103.455 I
510 _evap 15-5-2003 Eg 1.3255762 2.3056041 [||Steps for group 1 ) o )
Recipe group number 1, Modeling: NAA, Acquisition: Ternperature Routine test.acy

510 _evap_15-5-2003 &= 1.2591696 1.9568334
510 _evap_15-5-2003 A 141.0430870 421.2600403 Step Judgement.
510 _evap_15-5-2003 E 1.9494951 3.5416813 1 GOOD
510 _evap_15-5-2003 C 7.4951146 14.2200060 3 GOOD
W 82.598337 84.252190 5 GOOD

7 GOCD

Steps for group 2
Recipe group number 2, Modeling: Si0 on PET. mdl, Acquisition: second.acy

Save corfiguiation

Step | L1 Thickness [L] | $10 evap 15-5-2003 Eg | 510 svap 15-5-2003 == | 510 svap_15-5-2003 4 | S10_evap_
2 1640.105 0.7088858 1.9568334 41,9790643
9 28103 . 455 1.7240340 1.5040553 80.9612427
3 1068.955 2.3056941 0.0632877 421.2600403
g 1645.153 0.5626907 1.5125020 19.5720001
£ il £
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Mapping: the Mapping tab shows a 3D presentation of the Recipe. Of course, a real
mapping with many acquisition points will render the overall view more usable.

= || e = o =
AR R AL I IREarsa Z 0o
Recipe Results » @ Recipe Result - Lot Id Sample 1d.10h 41mn 30s.rer
W User Library Recipe information | Recipe files | Steps | Tabled Mapping

# B Acquisition Routines
> Data Manipulation
~ P> Substrates

I Displayed values ——
||l 8i0 on PET.L...
[~ Si0 on PET.

View type: |Kinetic View

Title: Auta I

= I Materials - |
1 B Samples :—‘] |
P Models ¥ Display mean
| Mullim_ﬂdels . [ Si0 on PET. 420.0000000 Line:
- : ggselmg Scenarios SRR Colr —
1 ik [~ |Si0 on PET x*
P Recipes 3800000000 Style E—
B Report Templates GREOGED el =
¥ Results
= B+ Acquisition Data 340.0000000 Pointe:
: :"I"?' 23?;“;:5 . 320.0000000 Visible I
ultimodel Results
B Modeling Scenario Results SO0 0o0n000 Style u :"
v gacipa Results 2600000000 Height 3 -
20101217 - =
: 1 201012.21 | 260.0000000 Width 3 =

(1 2010.12.23 2400000000

[ 2010.12.27

o 03 2011.01.06 220.0000000
=23 2011.01.11

= 3 Temp test

@ Lot I1d.Sample 1d.10h 41mn 30s.rcr f1e0,0000000)

{ich 964 Points ror 160.0000000

& I Reports |

- > Application Library Usze Cirl + Click to select

mare than one value 1200000000

200.0000000

1400000000

[ Reporting views 100.0000000

60.0000000

£0.0000000

40.0000000

20.0000000

250 300 350 400 450
Time (=)

Kinetic View

| Save configuration Shaw arepatt.. | Prirt arepar..
=
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24 Troubleshooting

In order to best respond to any bugs you may encounter with DeltaPsi2 Software,
please provide the following information:

Company Name:

Name:

E-mail address:

DeltaPsi2 version number:

A brief description of your system:

A description of the problem. Please include any actions that produced the error, and if
the error is reproducible.

Please include any screen shots or error warning text if possible.

Send your bug reports to Services.jyfr@horiba.com. If possible, please attach screen-
shots zipped in .jpg or .gif format.
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Index

Numeral
2D/3D switch 33
3D layout 265

A

Accumulation 55, 60

Accumulation Number (MM-16) 82
Acquisition 42

Acquisition (kinetic) 290
Acquisition (UVISEL Ellipsometer) 43
Acquisition Conditions (kinetic) 294
acquisition data format file 28
Acquisition MM-16 80, 84
Acquisition parameters 46
acquisition routine format file 28
Acquisition Scenario 132
Acquisition setup (standard) for MM-16 80
Acquisition with UVISEL2 70
Advanced Acquisition (MM-16) 83
AF 260

angle 55

Angle of incidence 45

Angle of incidence (check) 203
Angle of incidence fitting 183

AOI 45

AOI fitting 183

Application Library 14

Application library 29

AutoFocus 260

Autofocus Adjustment (UVISEL VIP System) 144

Automatic Update 185
Axis attributes 36
Azimuth 186

B

Background 48

background (MM-16) 82

Binary format 293

Bound Multimodel format file 28
Bruggeman effective medium 200

C

calculated file 34
Calibration MM-16 78
Cartesian Array Grid 236
Check 202

check criteria 202

Check Files 24

Checking files 310
Circular Grid 230

clc extension 308

Clear Results before fit 204
clipboard (copy to) 34
Coherency Length 191
Color 36

Color Grid Setup 227, 245
Color selection 39
Complex Grid 244
Conversion to Kinetic 297
Conversion to spectroscopic 297
Cooling/Heating Stage 315
Copy to clipboard 34
Correlated 197, 201

Correlated (layers fitting) 184, 197
Correlated layer 201

Cross Grid 235

Cursor 35

Curve Attributes 37

D

D AOI Settings 180, 194
Data files 12

Data Manipulation 39, 117
Data Manipulation Scenario 132
deletion 21

Deposition bar 298
Deposition Rate 303

Die 272

die (adding on grid) 248
Dispersion Parameters 203
Display Mode 40
Displayed data selection 38

E

Edit Feature 120

Eg 209

Ellipsometric (Measurement Mode) 174, 188
Ellipsometric Data 50

Ellipsometry configuration 174, 189
EMA 200
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eServer 25
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Evaluated Values (MM-16) 82
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Export/Import Package 14
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Files formats 311

Fit Volume fraction 199
Fitting parameters 195
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Fitting process (launching) 203
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Flow Report 283
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Font Size 37
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Formatted Report 281
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Full Screen 34
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Generating report 285
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HTML Report 284
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Materials Choice (fitting) 198
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Micro-Spot 47

MicroSpot 53, 294
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MM-16 Advanced Setup 81
MM-16 calibration 78

MM-16 Views 75

Model Building 166

Model Creation (kinetic) 297
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Modeling 157

Modeling Conditions 174, 188
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Modeling Results (simple grid) 263
Modeling results file format 28
Modeling Scenario 219

Modeling Scenario format 28
Modeling Scenarios format file 28
Models update 32
Monochromator/Multiwavelength switch 44
Motor 51

Motor increment value 51
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Motors (control panel) 50

MS Word Report 284

Multiguess 197,200
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Multispectra files 174, 189
Multistart 197,201
Multiwavelength Acquisition 58
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MWL acquisition 45

MWL Acquisition Setup 58
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n 50

Navigation Display Mode 41
New Curves Attributes 37
Noise correction 120
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Observable Setup 17
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Post-calculation (Model) 206
Post-calculations (Layers) 208
Post-modeling 220

PR 260

Precision setup (modeling output 18
Pre-modeling 220

pre-modeling 224

Print 34

Profile (create) 13

Profile (user) 12

Progress Screens Setup 17

Psi and Delta 50

Q
Quality (MM-16) 82

R

R2w 46

real time acquisition 51

Real Time Graphics Screen 46
Recipe 254

Recipe (kinetic) 303

Recipe Environment Restore 114
Recipe files 277, 324

Recipe information 277, 324
Recipe Options 19

Recipe Results (complex) 275
Recipe Results files format 28
Recipes format file 28
Reflectance (AutoSE) 95
Reflectance (UVISEL) 88
Reflectance (UVISEL2) 99
repetition (layer) 173

Report activation 283,286
Reporting 280

reports files format 29
Reprocessing 113

Results deletion 21

Right slope projection 186
Running DeltaPsi2 11

Rw 46

S

S0 46

SO (range setup) 45

S0 Min/Max 54, 60, 296

S1 46

S2 46

Sample format file 28

Sample Vision (UVISEL2) 68
Screen management 27

script 220

Script (Modeling Scenario) 221
Search feature 24

Segments number 178, 192
Serial Multimodel 210

Serial Multimodel format file 28
Shape 179, 193

Show/Hide button 25
shutter 44

Simple Grid 226

Simplex 195

Simulated Acquisition 109
Simulation 173

Simulation (kinetic) 303
slope (grating) 186

Smart merge 53

Software options 14
Spectral Data 174, 189
Spectral Range 174, 188
Spectral Range (MWL) 62, 73
Spectral Resolution 191, 192
Spectroscopic Acquisition 51
Spectrum Range 55

SSC 200

Standard merge 53

Start 51

Steps 278, 325

Steps (recipe) 259,271

Stop (motors) 51

substrate format file 28
Substrate Setup 228, 246

T

Tables 278, 325

Target value 51

TCC Server 315
Temperature Routine (create) 319
Template (create report) 280
templates files format 28
Text Display Mode 40

Text format 293

Text Mode Switch 33
Thickness (fitting) 196
Thickness calculation 207
Thickness Fitting 196
Thickness table 207

Tilt Vision 68

Title Font Size 37

Tool Bar setup 16
Transmittance (AutoSE) 95
Transmittance (UVISEL) 88
Transmittance (UVISEL2) 99
TreeView 11, 24

TreeView description 28
TreeView Options 29
Troubleshooting 327

U
UDF 160
Up 51
Update Models 32
USB Server 25
User defined formula 160
User Library 29
User Target (MM-16) 82
User unit (Spectro. Acq.) 54
UV Filter 44
UV protection 54, 295
UVISEL VIP
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V.A.S.E. (Measurement Mode) 174, 189
Vacuum activation (stage) 49

value (motors) 51

View screen 22

Views (UVISEL2) 65
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