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1 Overview

11 About this document

Spectrum interpretation by simulation

written by W.Theiss

W. Theiss — Hard- and Software for Optical Spectroscopy

Dr.-Bernhard-Klein-Str. 110, D-52078 Aachen, Germany
Phone: +49 241 5661390 Fax: +49 2419529100
e-mail: theiss@mtheiss.com web: www.mtheiss.com

January 2012

The goal of optical spectroscopy is - in most cases - the determination of microscopic quantities
such as resonance frequencies of oscillating atoms, impurity concentrations or thin film thicknesses
from macroscopic experiments. This is possible if the microscopic phenomena are coupled to the
electric fields of the probing radiation. The key property of a material representing this connection is
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the dielectric function or its square root, the complex refractive index - both quantities are more
generally called 'optical constants'.

In the case of layered systems a very powerful technique to interpret optical spectra is given by a
simulation of the experiment (based on a physical model) and adjustment of the model parameters to
fit the measured data. Fortunately, rather simple models of optical constants lead to realistic
simulations of optical spectra. This enables fast parameter fits from which the wanted information
can be obtained.

The interpretation of optical spectra is the central task of SCOUT - this manual gives technical
information about the program features. Discussions of successful SCOUT applications are found on
our homepage www.mtheiss.com and in the tutorials accompanying this document.

The next section gives an oveniew on this manual - from there you can jump to the individual parts of
this documentation.

This text was written using the program Help&Manual (from EC Software,
http://www.helpandmanual.com). With this software we produce the printed manual as well as the
online help and HTML code for the internet verion of the document - with exactly the same text input!
This is a very productive feature and makes the development of the documentation quite easy.
However, for this reason the printed manual may sometimes contain some 'strange' text fragments
which seem to hawve no relation to the rest of the text. These might be hypertext jumps in the online
help system which - of course - lose there function in the printed version of the manual.

About SCOUT

SCOUT is a Windows NT/2000/XP/Vista software for the analysis of optical spectra by computer
simulation. At program start the main window opens which may look like this:

= sC0

Method  Import Stat  Export  Workbook  View

Welcome to SCOUT!

Replace this starting configuration start.sc2 by your
favourite configuration. SCOUT automatically loads this
configuration when it starts.

See a demonstration of the new SCOUT 3 user interface
by clicking on the menu item ?|First steps ...

The main actions are
- F7: Toggle between main view and treeview level

Treeview level
- Right mouse click in treeview: Object selection
- Drag treeview items with left mouse button to desired 'landing zone'

Main view level

- Shift + mouse drag = Move objects

- Shift-Alt + mouse drag = Move object edges to resize objects
- Ctrl + mouse click = Open object window

o)
o
N
—
D
O
O
n

Deviation:  0.0356677 Rejected

The main window has 2 levels. When the program starts, you see the so-called 'main view level'
which consists of the

o menu, from which all parts of the program can be reached

o the toolbar (below the menu), featuring selected commands for easy access
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e the drawing area (the blue part in the example abowe) showing the main view (text, spectra,
parameter values or illustrative graphs, see user-defined views)

¢ and the status bar at the bottom (including information and some control elements for the
displayed graphs)

Pressing F7 the main window switches to the 'treeview level' which looks like this:

Fetrn to main view

On the left side you see a treeview of all objects in the current SCOUT configuration. With a right
click on an object in the tree you can open it - most objects will display their controls or graphs in
the right gray section. Whereas some objects will display only a few items or even nothing, others
will show a graph, buttons and an object menu. Here is the example of an opened spectrum window:
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- (5]
Stat  Export  Workbook View Mem [
R
Layer stacks - — -
Sinulated Spectra Layerstack  Spectmmtype  Awgle  (Polarization Manipulation Pazam,| ATE diel const
Layer stack ‘Rzﬂer:(am:e L‘uun ﬂ‘s—pﬂl jy(x_yp‘ 117
1.0
8
= 08
=
=
3]
=
s 0.6
o~
0.4
0.2
0.0
500 1000 1500 2000 2500
Wavelength [nm]
Deviation 0.0356677 Weight formala; |
Feturn to main view

Pressing F7 again switches SCOUT back to the main view level. Alternatively, you can press the
large 'Return to main view' button at the bottom of the window.

See the chapter !Quick start: Getting around in SCOUT for a deeper user interface description.

Working with pre-defined configurations, using the main window only
If you belong to the lucky people that can work with pre-defined SCOUT configurations, and you don't
have to develop optical models of your own, it might be sufficient for you to only read the section
about using the main window. However, if you are eager to know how the program works, you can
read the other parts of this manual as well. This will certainly help to improve your SCOUT skKills.

Required steps for developing optical models

Advanced spectrum simulation is not easy. Setting up realistic optical models, you have to define a
large number of parameters which reflect the complexity of the problem. Concerning its structure,
SCOUT tries to be as close to the physical problem as possible and groups the many parameters of
spectrum simulation according to the scheme described below.

1. Define the optical constants of all relevant materials

All optical constant definitions are done in the so-called material list which you can access
from the main window by pressing F7. Materials are managed in the first branch of the object
tree called Materials. Here you can define objects representing fixed optical constants
(imported from files) or optical constant models that give you flexibility if you want to adjust
optical constants to fit experimental data.
Optical constant models are composed of susceptibility terms which are managed in
susceptibility lists. At present you can use the following types:

Drude model for free carriers

Extended Drude model for free carriers with frequency dependent damping

harmonic oscillator

extended oscillator model suggested by Brendel
extended oscillator model suggested by Kim
oscillator model suggested by Gervais
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OJL interband transition model

Campi-Coriasso interband transition model
Tauc-Lorentz interband transition model

user-defined expressions for optical constants

Both fixed optical constants and models can be imported easily from the built in database of
optical constants.

For the description of heterogeneous materials (two-phase composites) you may want to
mix optical constants. This can be done in SCOUT using various effective medium concepts
for inhomogeneous materials. Besides the classical Maxwell Garnett and Bruggeman
approaches we offer the Looyenga formula and the general Bergman representation which is
certainly the most advanced concept.

2. Define the structure of the layer stacks

The tree branch Layer stacks shows the list of layer stacks. In most cases you will
investigate one layer stack only, but SCOUT lets you work with several stacks if you want to
(or have to).

Each layer stack may consist of an unlimited number of layers which are again managed in
lists, called layer stack. For simple layers you can select coherent or incoherent
superposition of partial waves. Several types reflect a certain choice: A Thin film' is always
handled with coherent superposition whereas a layer of type Thick layer' is treated with
incoherent superposition. For cases in between full coherent or incoherent superposition we
have implemented an efficient averaging algorithm for lateral layer thickness
inhomogeneities. You can define optical superlattices, corrections for scattering losses at

rough interfaces and gradually changing optical properties. Anisotropic layers (with heavy
restrictions at the moment) may also occur in the stack.

3. Define which type of spectra are to be simulated and compared to experiments

After the definiton of all optical constants and layer stacks you have to tell SCOUT which
spectra it should simulate and compare to experimental data. These spectra are collected in
the spectra list which is the Simulated spectra branch in the treeview. The following types
of spectra can be used at present:

Reflectance

Transmittance

Absorbance

ATR

Layer Mix (computes the average spectrum of a patterned sample)

Ellipsometry
Ellipsometry stack average
PL spectrum

EL spectrum
Layer absorption (computes the absorbed fraction of incident light intensity in a

certain layer in a stack)
o Charge carrier generation (computes the number of photon-generated charge
carriers in a layer)

4. Select the fit parameters
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The treeview branch Fit parameters holds the list of fit parameters. These are the
parameters of the model that are to be adjusted in order to reach optimal agreement
between simulation and measurements. Besides fitting to experimental data, you can also
select a model parameter as fit parameter if you want to compute its value by a user-defined
function (which may contain master parameters, optical function values or the time).

5. Fit of the model (manual, visual, automatic)

SCOUT lets you fit model parameters manually (type in new values) or visually, i.e. by
mouse-driven sliders. With the 'fit on a grid' feature you can automatically scan a certain
parameter range for the best starting value for the final completely automatic optimization.
Using sequences of fit parameter sets (available in the treeview branch Fit parameter sets)
you can develop efficient optimization strategies which enable SCOUT to adjust many fit
parameters completely automatic.

In cases for which completely automatic parameter fitting is possible you can process a
whole series of input spectra in a batch operation. SCOUT will import the spectra, do the fit,
and store the obtained results in appropriate tables.

Enhancing your SCOUT work

Customizing SCOUT for routine spectroscopy using Views and the toolbar

Once you have dewveloped a convincing optical model that reproduces your measurements in a
high quality you may want to make that solution accessible to other people which are probably
less experienced. In this case, you can hide all the complexity of the model and show in the
main window only the information relevant to the final result. Using Views and the flexible
toolbar you can achieve this goal and create nice and simple user interfaces.

Inspecting the influence of model parameters on optical spectra

Some automized actions help you to find out how model parameters affect optical spectra.
You can vary one selected parameter on a set of equidistant values (in a user-defined range)
using the Parameter variation action. SCOUT will compute all defined spectra for the set of
values, and you can generate quite useful plots visualizing the parameter influence.

In order to check how production tolerances influence the optical properties of your multilayer
stack, you can compute the spectral variations for the case that some model parameters
fluctuate randomly in user-defined intervals (Parameter fluctuation action).

Working with databases

You can work with SCOUT very efficiently making use of databases. A SCOUT database
contains materials with pre-defined optical constants and pre-defined layer stacks. If you save
your favourite substrates and materials to your personal database these objects can be used
to quickly build SCOUT configurations from scratch.

You can also benefit from the large collection of optical constants which is stored in the
SCOUT database.

Programming SCOUT by OLE automation

You can control the actions of SCOUT from external programs by OLE automation. Create
automated reports and batch operations with the Windows Scripting Host (WSH), MS Word,
MS Excel, LabView or any other OLE automation controller. Using OLE automation you can

© 2019 Wolfgang Theiss



SCOUT technical manual Overview 8

1.3

even hide SCOUT completely, feed it with spectra and have it doing the analysis in the
background while your data acquisition hardware collects already the next set of spectra .

To get a quick start into the details of spectrum simulation you should follow the
introductory SCOUT tutorials (which are distributed with SCOUT and also available
on our homepage www.mtheiss.com in the support section).

You can also have a look at the following documents which are distributed as PDF
documents on the SCOUT CD (folder docs). You can also download these
documents from our homepage using the link http://www.mtheiss.com/?
Support:Downloads:Things_to_read:

¢ Analyzing optical spectra by computer simulation - from basics to batch
mode (a PDF-document about spectrum simulation, summarizing the background
and typical applications of this technique)

e Developing optical production control methods for SCOUT (a PDF-
document about developing SCOUT methods. Good to read if you are looking for
a thin film production control solution - even if you are not developing the method
yourself but let us do the work)

About the author

Responsible for all good and bad program features:

Wolfgang Theiss
Consultant for Optical Material and Process Control
Dr.-Bernhard-Klein-Str. 110

D-52078 Aachen
Germany

Phone: + 49 241 5661390
Fax: + 49 241 9529100
e-mail: theiss@mtheiss.com
web: www.mtheiss.com
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2 Quick start: Getting around in SCOUT

21 Key commands in the main view

Having started SCOUT, you see the main view:

Method  Import Stat Export Workbook View

SCOUT 2.99

Selecied graph: Y| e sample ID Devistion: 00358877

K| m o] ] 10|

The following key commands can be used to configure the main window:

¢ Pressing m you can switch on and off the menu

e The key b switches on and off the toolbar

o With s the statusbar at the bottom is shown or hidden

¢ Both the toolbar and the window frame and caption can be hidden or shown pressing p
(presentation mode). If you switch off the menu and the statusbar as well and the SCOUT window
is maximized, the whole screen is filled with the main view (presentations are discussed below):

Welcome to SCOUT!

Replace this starting configuration start.sc2 by your
favourite configuration. SCOUT automatically loads this
configuration when it starts.

See a demonstration of the new SCOUT 3 user interface
by clicking on the menu item ?|First steps ...

The main actions are
- F7: Toggle between main view and treeview level

Treeview level
- Right mouse click in treeview: Object selection
- Drag treeview items with left mouse button to desired 'landing zone'

Main view level

- Shift + mouse drag = Move objects

- Shift-Alt + mouse drag = Move object edges to resize objects
- Ctrl + mouse click = Open object window

(@)
%
AN
—
)
O
@)
7))

¢ If you have a SCOUT configuration which is configured to perform a parameter fit, you can start and
stop the fit pressing the f key.
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Pressing e opens the list of view elements of the view which is currently displayed.

A time ewlution of a model (this will be explained later) can be started and stopped with t.
Pressing h jumps to a "home configuration" that you can set using the command
File/Options/Default home configuration.

In order to setup a new configuration or to modify an existing one, press F7 to switch from the
main view level to the treeview level. The treeview level is discussed in the following section.

Working in the treeview level

Having pressed the F7 key in the main view you enter the treeview level which is used to make
changes to the SCOUT configuration:

Retum to main viewr

We will setup a simple SCOUT model now in order to show how to work in the treeview level. The
goal is to compute the reflectance spectrum of a silver layer on a glass substrate, load experimental
data and fit the silver thickness. The relevant items are to be placed in the main view in order to give
a good overview.

Let's start to modify the main view: The current view items will be deleted and a new background
picture will be loaded. In order to do so, open the item Views in the treeview (by clicking at the plus
sign to the left) and right-click the item 'Start screen'. On the right side the list of view items appears:
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s Stat Export Workbook Wiew Mem [
Start screen
Layer stacks =
Simulated Spectra F -8 4+ |
Left  [Top  [Width  [Height [Sowre [Tope
B [ 93 100 Barkground
i i g 100 Background
Sons text lines 1368 366 20 4 Lines
[ 4]scouT 298 1 2 20 ] Versionriew

|w

Fetum to main view

Note that the view item list has a menu and controls of its own - in fact, it's a frameless window of its
own, displayed inside the area of the main window. Use the menu item Delete all to delete all
items. Then select in the dropdown box to the right of the + sign the new object type 'Metafile view'.
Then press the + sign or use the menu command New. Click on the new object in the list which is
called 'No picture yet' and use the menu item Edit to change the object. Alternatively you can right-
click the list item in order to edit it.

Editing a metafile object means to load a metafile graphics from a datafile. Select the file 'silver.emf

in the subfolder pictures in the SCOUT program directory. Then press F7 which switches back to
the main view level:

> 0

Method  Import Stat Export  Workbook View Mem [

Selecied graph: R AE

I e v 0 sample 10 Devistion: 0.0356577
J e o ]

[-]L<]

o

In order to get a background picture, the graph should fill the whole main view. The size and position
of a view element (all view elements are rectangles) is given by the parameters Left, Top, Width and
Height in the list of view elements. These numbers are percentages with respect to the full size of
the view (current values are 1,1,40,40). Press F7 again and type in the numbers 0, 0, 100, 100 as
shown below (having typed in a number, press Return to close the edit mode of this parameter):
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B SCOUT C:\delphi_theiss\scout_9B\start.sc2 [- B[]
File lUpdate Ohjecks Rsnge Start Stop Fit parametsr ssb Actions Tools 2

Method Import Stat Export Workbook Wiew Mem [

= Cusrent objects Start screen
% Materials
= Layer stacks

File Mew Edit Paste Copy Delete Export Deleteal Automation Source Update Color 7

+ [Metatile view ~qH- 4 ¥ B

Hams Lot Top  Width  Height  Sowre Type

Mo picturs yet 0 0 100 100 Ciidelphi_thsisslscout_92\pictures Ietafile vie

&) ]

Fetum to main view

Now press F7 again:

B scouT C:\de Iphi_theiss\scout_9B\start.sc2

File Update Objects Range Skart Stop  Fib parameter set Actions Tools 7
Method  Import Stat Export  Workbook View

: : : Mo sample I} Deviation: 00358677
u o] ] B

Selecied graph: R AE

L]
L]

Now we will add some text. Press F7 and generate a new view item of type 'Text view": Select this
type in the dropdown box and then use New to generate an object of this type. The new object is
called 'Dummy name'. Select it and press Edit. You can now enter the text to be displayed. Type in
'Demo: Getting a layer thickness from a reflectance fit".

Modify text X

Enker mew bext

1] a lawver Ehick am a refleckance Fit

(0] 4 I Cancel
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The next dialog lets you define a tilt angle. Keep the value of 0° for the moment - we do not want to
rotate the text. Finally a color selection dialog is shown. Set the color to black which means we will
have black text.

Make sure that the text view object in the list of view items is positioned underneath the metafile view
object. The view elements in the list are painted from top to bottom. Hence background objects must
be on top of the list so that they are painted first. You can change the position of an object in a list
by using the red Up and Down arrows.

Pressing F7 should give something like this now:

B SCOUT C:\delphi_theiss\scout_9B\start.sc2

Fle Updste Objects Range Start Stop Fitparameterset Actions Tooks ?

Method  Import  Start Export  Woskbook View

Demo: Getting a layer thi

Selected graph: R AE |; L i) r| Mo sampls D Dewation:  0.0356677

] i o o

In the next steps, we will define the optical model and show the reflectance spectrum and the layer
stack in the main view.

Building a simple optical model

We will now setup the optical model the following way:

Take the optical constants of glass and silver from the database
Compose the layer stack

Setup the reflectance spectrum

Select the fit parameters

All required actions are done in the treeview lewvel. Right-click the treeview branch 'Optical constant
database' and select in the list of database materials the one called 'Ag model (TL)":
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Method  Import Stat Export

Workbook  Viewr Mem [
Optical constant database
Update list Delete  Rename Cdelphi_theissiscout_98idatabase [
Ag model (TL)
Type: Dislectric finction model Agmodel
Spectral zange: 200 - 1600 run
Author W Theiss § 7
Date 04.01.2007 P
Comment: g 3
Based on Johnson and Christy data +
3
2
1
-
W 0 mn Mo se om0 Lo
Expiott this W bagth [man]

N [(41(0,7)Gar0,31)0,5 In(0, 5)F 1 micron  W.Theiss 27041999 A
(A11,00G(0,0)0,5 In(D, )P 1 micron  W.Thsiss 27041999
42 (JC) 1 micron  W.Theiss 15011998
g (Jotuson & Chaisty) 50000 liem W.Theiss 08.07.1996

1 micron  W.Thaiss 15.01.1998
66 o W.Theiss 27.04.1999
66 o W.Thaiss 16.04.1993
1 micron  W.Theiss 15.01.1998
1600 nm W.Theiss 04.01.2007
50000 Lim W.Thaiss 021062004
0.598 micron  W.Theiss 15.01.1998
0.598 micron  W.Thsiss 15011998

With the left mouse button, drag&drop it to the treeview branch called Materials. Repeat this step for
the material called 'Glass (microscope slide), Vis'. Now right-click the treeview branch Materials in
order to open the current list of materials. It should look like this now:

Mathod  Impost  Stast  Export

Workbook  View

Mem [

Dielectriz function model

Retum to main viewr

Iaterials
+ [Diclectric fmctionmodel | & = 4 ¥ B
Hare Type |
1 [Farwum Farmm
£ mods] (TLY Diclectric funstion model

With these materials in our configuration, we are now ready to define the layer stack. Open the
treeview branch Layer stacks. This list may contain several layer stacks. In this simple example, we
need a single stack only. Right-click the treeview item 'Layer stack' which should look like this at

the moment:
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B SCOUT L:\help\SCOUT3\scoutmain_window_usage\step0_view_elements.sc2
Fle Updste Ohjects Rangs Start Stop  Fikparametsrsst Actions Tools 2
Method  Import  Start Export  Woskbook View
= Current ohjects
#- Materials
=- Layer stacks

Layer stack
File Edit Delete Delete all Manipulate Updatelists Check Fluctuation 7 Wizards

C8- b Y

& Simulated Specira

Select the bottom halfspace in the layer stack and use the + button in order to create a layer of type
Thin film'. This will be used to represent the silver layer. Afterwards, select the new layer type Thick

layer' and generate an object of this type which we will use for the glass substrate. Using the red
arrow buttons, bring the objects into the following order:

B scout L:\help\SCOUT3\scoutmain_window_usage\step0_view_elements.sc2

- [B]x]
Fle Update Objects Range Start Stop  Fit parameter seb Actions Tools 7
Method  Import Stat Export  Workbook View Mem [
Layer stack
File Edit Delete Delete all Manipulate Update lists Check  Fluckuskion 7 ‘Wizards
+ [Thick layer 8- ¢ ¥ B
Type [MMaterial  |Thickness  [Va
Halfspare Vacnurn
Thin filra 100.0 1
Thick layer Vacnurn 1.000 rara
Halfspare Vaenurn
2] £

Retum to main viewr

We will now assign materials to the individual layers. Open the Materials branch in the treeview.
Drag the treeview item 'Ag model (TL)' to layer #2 in the stack and drop it there. Repeat this
drag&drop for the glass material. The layer stack should look like this after these actions:
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B SCOUT L:\help\SCOUT3\scoutmain_window_usage\step0_view_elements.sc2 E\@”X|
Fle Updste Ohjects Rangs Start Stop  Fikparametsrsst Actions Tools 2

Method  Import  Start Export  Woskbook View Mem [
B Cu jects Layer stack
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+ [Thick layer 8- ¢4 [=]
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Panes _1 Halfspare Vaom
'+ Stacks in this configarat | 2 | Thin fil Az moce] (7L SSUIITIEYSY
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4

Mew single Juyers Halfspace Varuum

3

[~

< i} [

Fetum to main view

Having defined all required materials and the layer stack, we can now compute the reflectance
spectrum of the layer stack. The experimental data that we are going to load have been measured in
the spectral range 200 ... 1100 nm. Hence it makes sense to compute the optical model in this
range. Since the loaded materials are models for optical constants (indicated by their type 'Dielectric
function model') it is useful to compute the material models as well as the spectrum in the same
wavwelength range 200 ... 1100 nm. We can achieve this by using the global Range command in the
main menu of SCOUT. A spectral range dialog appears and you should do the following settings:

Spectral range |X|
MinirLm |2|:||:| Uit
M axirnunm |-| 100 Inm LI

Mumber of paints 200

0k, Cancel

The reflectance spectrum must be defined in the list of simulated spectra. Open the corresponding
treeview branch which contains an object already (if not in your situation, please select the new
object type 'R, T, ATR' in the dropdown box and generate an object of this type):
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ESCDUT L:\help\SCOUT3\scout\main_window_usage\step0_view_elements.sc2

Method  Import  Start Export  Woskbook View

Surulated Spectra

- [O]x]

Mem [

- 8- ¢++ B

[Type
ETATR

Weight
1000

Fetum to main view

In order to have a closer look at the spectrum, open the tree branch 'Simulated spectra' by clicking at

the + symbol and right-click the object 'R".

ESCDUT L:\help\SCOUT3\scoutmain_window_usage\step0_view_elements.sc2 B@@
Method  Import Stat Export  Workbook View Mem [
= Cugrent of R

- Materials
! Layerstack  Spectrumtype  Angle 4 (Polaization Mampulation Pavam,| ATR diel const
Laperstack  |Reflectuncs = 0.00 ﬂls-pol ] T 11.70
1.0
v
2 08
=
S
=
v 0.6
[+
0.4
0.2 -\
0.0
500 1000 1500 2000 2500
Wavelength [nm]
Devistion  0.5365359 Weight formula: |

Retum to main viewr

This shows already the wanted reflectance spectrum (the angle of 0° is a good approximation in the
present case). We only have to adjust the axis settings for the graph which we can do using the
local menu item 'Graphics|Edit plotparameters'. Please use the following settings in the graphics

parameters dialog:
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e ___[x)

Title: |Reﬂeclance Height: | 7 p
Load Frame mode: | 3 Pen data: 4
Line mode: | { Pen frame: 1
Save
Gnid line mode: |4 Pen gnd: 7
X-axis y-axis
Text: |W'avelenglh |Re[leclance
Height: | 7p 7.0
Unit:  [qm
Unit factor: | 1 pE+000 1.0E+000
Minimum: 200.00 0.000
Maximum: (1100 1.000
Tick spacing:  [2pp 0.200
Decimals: ’T ’1_
Offset: 50.00 35.00
Length: 200,00 150.00
[ logarithmic scale [ logarithmic scale
X cea

After pressing OK the graph is updated and looks like this now:

S SCOUT L:\help\SCOUT3\scout\main_window_usage\step0_view_elements. sc2 - 2]

Method

Import  Start Export Workbook View e g
Cu R
Materials
Layer stacks " " "
: . Layerstack  Spectrumtype  Angle 4 (Foluization Manipulation Pavam | ATR diel. const
- Simulated Spectra
Laperstack  [Reflectance = 0.00 ﬂls—pnl ] v 1170
Reflectance
1.0
3
= 0.8 A
j3
3
7]
=
v 0.6 1
=]
0.4
0.2
0.0 T T T T
200 400 600 800 1000
Wavelength [nm]
Deviation (0.5365353 Weight fomuls; |

Eetum to main view

The optical model is ready now. The simulated reflectance can be compared to measured data. Use
the local menu command Import|from file to load experimental spectra from data files. The spectra
we are using here are distributed with SCOUT tutorial 1. Open the file ag_20.std from the SCOUT
tutorial 1 subfolder using the file type 'SCOUT standard format' as indicated in the following

screenshot:
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R data import

Look in: [\ SCOUT tutarial 1 ~ = @3k E-

L;é # ag_t.std ag_L4.std
A ag_z.std ag_L5.std
My Recent F# ag_z.std ag_ié.std
Diocuments [# ag_a.std ag_17.std
['_? # ag_5.std ag_18.std
- # ag_s.std ag_19.std
Deskiop @ ag_7.std ag_20.std
# ag_g.ctd ag_21.std

N E ag_9.skd ag_22.skd

&

=
3 ag_10,std
My Documents Eag_ll.std
p—— E ag_12.std
8’ E ag_13.skd

Iy Computer

My Network  Files of tpe: ISCDUT standard format
Places

File name: Iag_2U. std j Open |
j Cancel |

[ Open az read-only

Make sure that you select the spectral unit nm in the following dialog which shows the spectral
range covered by the data found in the file:

Spectral range

Minirmurm I 20000 Lirit
b airvivarn I 100,00 i |

Mumber of paints |05

0k, Cancel

After pressing OK the spectrum window looks like this now:

B SCOUT L:\help\SCOUT3\scoutmain_window_usage\step0_view_elements.sc2 |;H§||X|

File Updste Objects Rangs Start Stop Fitparametersst Actions Tooks 7
Method  Import Start Export Workbook View Mem g
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0.4
0.2
0.0 T : : :
200 400 600 800 1000
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Feturn ta main wiewr
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The red curve shows the loaded experimental data whereas the blue one represents the current
model.

Obviously there is a significant disagreement between model and measurement which is a good
reason to modify the model. The thickness of the silver layer is the parameter of the model which
needs to be adapted in order to improve the agreement. We have to declare the silver thickness to be
a fit parameter in order to do an automatic parameter adjustment (fit). Right-click the treeview branch
Fit parameters:

0 (=]
Method  Import  Start Export  Woskbook View Mem [
Fit parameters
= =an ¥ B
Walue Mame Variation Low limit  |High limit |Factc|

[~
v

Fetum to main view

Note that the list of fit parameters has no dropdown box in order to specify object types. There is
only one type of objects in this list. Press the + button and you will get a dialog which displays all
current model parameters. Select the silver thickness as shown below (while holding the ctrl-key
down, you can select and de-select multiple items in this dialog by mouse-clicks):
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H Fit parameter selection

damping
distribut

Concal_|

With this selection, leave the dialog pressing OK. The list of fit parameters is now the following:

B SCOUT L:\help\SCOUT3\scoutmain_window_usage\step0_view_elements.sc2
Fle Updste Ohjects Rangs Start Stop  Fikparametsrsst Actions Tools 2

Method Import Stat Export Workbook Wiew Mem [

5l Current objects Fit parameters
- Materials Fie Mew Edt Delete Deleteal Sider Ftongrid Limits fromsliders Update 7
4 Layer stacks -
o Simulated Spectra gl 4 ¥ |
AR Hame [Variation |Low it |Highlirit [Factc
Stask | Layer 2 fig modsl (TL): Layer thickt Dovdall sitplex. | 0.0 [ 17

Fetum to main view

The current problem is quite simple, and we can hope that the automatic fit routine of SCOUT can
find the best value for the thickness without further help. Press Start in the toolbar to launch the fit
routine (this button becomes a red Stop button while the fit is running). After a very short time the fit
finishes and the red Stop button becomes a black Start button again.

Right-click the spectrum object R in the treeview and see the following fit result:
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24

Method  Import  Start Export  Woskbook View Mem [
jects R
| Materials
 stacks Laysrstack  Spectrum t & Polavization Blamipulat ATR diel somst
ated Specira ayer stacl pectnm type gle o ion  Manipulation Param J—
Laperstack  [Reflectance  ~ [ 000 ﬂls-pnl v rend 1170
Reflectance
1.0
©
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We have now an optical model matching the experimental results. If we want to do parameter fits for
several experimental input spectra it might be useful to build a simple user-interface which offers the
required actions in the main view. This will be done in the next section.

Generating the user interface

We will now configure a simple user-interface in the main view of SCOUT which will show the
reflectance spectrum, the layer stack, the value of the silver thickness and some information on the
fit quality. There will also be a slider for manual thickness variation. For all these things we will
generate view elements which are able to draw the wanted items in the main view.

Let's start with the display of the reflectance spectrum. Open the treeview branch Simulated
spectra. In addition, open the treeview branch Views and there the subbranch Start screen. SCOUT
should look like this now:

ain_window age'step1_optical_mode

Method  Import Stat Export  Workbook View Mem [
[ Curent o Start screen

|- Materials

+ | AT 7]
Harz Left  [Top  [Width  [Height [Sowre |Type
o picture e 0 0 100 100 Cihdelphi theissiscout DE\pictures Metafile viey
| 2 |Demo: Gretting a luye:1 1 120 s Text wiew

Retum to main view

© 2019 Wolfgang Theiss



SCOUT technical manual

Quick start: Getting around in SCOUT 24

A view element that displays the reflectance spectrum can be generated by a drag&drop operation
from the treeview to the list of view elements on the right. Start to drag the treeview item 'R' and drop

it in the list to the right:

B SCOUT L:\help\SCOUT3\scout\main_window_usage\step1_optical_model.sc2

Fle Updste Objects Range Start Stop Fitparameterset Actions Tooks ?

Method  Import  Start Export  Woskbook View Mem [
5. Current objects .,
- Materials File Mew Edt Paste Copy Delcte Export Deleteal Adtomation Source Update Color 7
4 Layer stacks
5 Simulated Spectra R il B
[Top  [Widith  [Height  [Sowee |Tpe
i 1m0 1 Cielphi_theisslssomt_DE\pistures Metafils vies
1 120 H Test wisvr
7 W 50 i3 Fieldisve

Fetum to main view

Press F7 to see the new view element in the main view:

B scout L:\help\SCOUT3\scout\main_window_usage\step1_optical model.sc2

Fle Update Objects Range Start Stop Fit parameterset Actions Tooks 7

Method  Import Stat Export  Workbook View

Demo: Getting a layer thicl

Reflectance

200 1000
Wavalength [run]

View elements can be moved within the main view with the mouse while the Shift key is pressed
down. Try to mowe the reflectance spectum to the center of the window. Holding both the Shift and
the Alt key simultaneously down, you can mowe the left, top, bottom or right side of the rectangle
individually by mouse drags. This is a very convenient re-size mechanism. Try to position the

spectrum like in the following example:
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Demo: Getting a layer

The manipulation of view elements is explained more detailed in the introduction to views.

Fle Updsts Objscts Range Start Stop Fit parametersst Actions Tooks 2
Method  Import  Start Export  Woskbook View

B SCOUT L:\help\SCOUT3\scout\main_window_usage\step1_optical_model.sc2

Mem [

A view element to display the layer stack can be generated the same as shown for the spectrum.
Simply drag the layer stack item from the treeview to the view element list:

Fle Update Objects Range Start Stop Fit parameterset Actions Tooks 7

B scout L:\help\SCOUT3\scout\main_window_usage\step1_optical model.sc2

Method  Import Stat Export  Workbook View Mem [
Start screen
File Mew Edit Paste Copy Delste Export Delete all  Automation Source  Update Color 7
+ | &= 44 E
Left  [Top  |[Width  [Height  [Sowee |Tpe
i C 0 100 100 Cidelphi_theisslscout_9%lpictures Ietafile vie
1 120 5 Text viewr
2269 14238 513 871 R Field view
392 571 0 5 Layer stack s
¥
Retum to main view

The result is shown below:
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E 5COUT L:\help\SCOUT3\scout¥main_window_usage\siep1_optical_model.sc2
Fle Updste Ohjects Rangs Start Stop  Fikparametsrsst Actions Tools 2

Method  Import  Start Export  Woskbook View

acuum

Layer stack view elements can be moved with the mouse using the bottom halfspace as 'mouse
sensitive area' (click_here for details). Drag the layer stack item to the right as shown here:

B 5COUT L:\help\SCOUT3\scoutimain_window_usage\step1_optical model.sc2
Fle Update Ohjects Range Start Stop Fitparameter st Actions Tools 7
Method  Import Stat Export  Workbook View

Demo: Getting a Iz

Vacuum
Agmodel (TL)

268 nm

Glass (microscope

Now a view element is created which shows the current value of a model parameter. In the list of view
elements, select the new object type 'Parameter view' in the dropdown box:
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B SCOUT L:\help\SCOUT3\scout\main_window_usage\step1_optical_model.sc2
Fle Updste Ohjects Rangs Start Stop  Fikparametsrsst Actions Tools 2

Method Import Stat Export Workbook Wiew Mem [

Start screen
File Mew Edt Paste Copy Delete Export Deleteal Automation Source Update Color 7
kT B
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Vertical bay :
Fit peramaters 13 mn R Fieldvizwr
,,,,,,,,,,,,,,,,,,,, 728 633 Layer stack s

Workbook graph {calums)
Workhook graph (rovs)
Batoh control graph (columns;
Batch control graph (rows)

Eating view

Start button

Autoraation button

Pavazeter animationbutton
Parameter variation button
Parareter fluctuation button
Hext configuration button hdl

Fetum to main view

Then press + in order to create a new object of this type. You will get the following dialog for
parameter selection. Mark the silver thickness as indicated:

B4 Parameter view selection |:||§||g|

distribution w Ll

=

Parameter range:
Mirimum Faints I aximum

|D |11 |1
Cancel |

Then press OK. The new view element is created with the name 'No assignment yet'. Click on the
name and overwrite it with 'Ag thickness [nm]' - then press Return:
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B SCOUT L:\help\SCOUT3\scout\main_window_usage\step1_optical_model.sc2
Fle Updste Ohjects Rangs Start Stop  Fikparametsrsst Actions Tools 2

- [O]x]

Method  Import  Start Export  Woskbook View

Mem [

Start screen
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Fetum to main view

Pressing F7 shows that 2 view elements are in conflict with each other:

B scout L:\help\SCOUT3\scout\main_window_usage\step1_optical model.sc2

File Update Objects Range Skart Stop  Fibparameter seb Actions Tools 7
Method  Import Stat Export  Workbook View

Bghicl@etimfnenlayer thi

Vacuum
Agmodel (TL)
268 nm
Glass (microscope

Move the blue parameter view element from the upper left corner down as shown abowve. Note that
text is moved with the mouse using the lower left corner. Pressing the Ctrl-key and clicking on a view
element raises the Edit action of the element. In case of the parameter view element a color

selection dialog is shown. Use this to assign yellow to the element. In the end the main view should
look like this:

© 2019 Wolfgang Theiss



SCOUT technical manual Quick start: Getting around in SCOUT 29

B SCOUT L:\help\SCOUT3\scout\main_window_usage\step1_optical_model.sc2
Fle Updste Ohjects Rangs Start Stop  Fikparametsrsst Actions Tools 2

Method  Import  Start Export  Woskbook View

Demo: Getting a laye

Ag thickness [nm]

WVacuum
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268 nm

Glass (microscope

Now we will create a slider for manual parameter variation. In the list of view elements, select as new
object type 'Vertical bar' and create an object of this type. The parameter selection dialog appears
again and you should select again the silver thickness parameter. In the following color selection
dialog, select yellow. Finally set the slider range. The minimum is 0 and the maximum 50. Change
the 'No assignment yet' text to 'Ag thickness [nm]'. Finally move the new bar to the left side of the
main view and try to re-size it as shown here:

B scout L:\help\SCOUT3\scout\main_window_usage\step1_optical model.sc2
Fle Update Ohjects Range Start Stop Fitparameter st Actions Tools 7

Method  Import Stat Export  Workbook View

Demo: Getting a lay

ckness [nm]
23

Vacuum
Agmodel (TL)

223nm

Glass (microscope

You can now use the mouse to move the parameter value by the slider position.

Use the Import button in the toolbar to load a new experimental spectrum. First you are asked for a
sample name. Enter 10 s' (10 seconds sputtering time)
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Sample ID %

Enker the sample descripkion
ICE

(04 I Cancel

and select the spectrum ag_10.std:

& SCOUT L:\help\SCOUT3\scout\main_window_usage\step1_optical_model.sc2
File Update Objects Range Start Stop  Fit parameter st Actions Tools 7

Method  Import  Start Export  Workbook View

Ag thickness [nm]

Wacuum
Agmodel {TL)
223 nm
Glass (microscope slid

Try to fit the thickness manually with slider motions. Then press Start for an automatic fit.
Now, as an exercise, we do several steps at a time. Generate the following view elements:

An object of type 'Rectangle’ (this should product a gray background for the following items)
A 'text view' object called 'Sample:'

An object of type 'Sample view' (this will display the name of the sample

A text view object called 'Fit deviation:’

An object of type 'Deviation view' (this shows the mean square deviation of model and
measurement)

Try to get a main view appearance similar to the following:
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& SCOUT L:\help\SCOUT3\scoutimain_window_usage\step2_user_interface.sc2
Fle Update Ohjects Range Start Stop Fitparameterset Actions Tools 7

Method  Import St Export  Workhook View

Demo: Getting a

Ag thickness [nm)]

Wacuum
Ag model (TL)
13.1 nm
Glass (microscope slide

In order to make the work with this method as simple as possible we will hide the menu when the
configuration is loaded. This is done by de-activation of the menu option File|Options|Appearance]|
Menu visible at start.

We can also hide the toolbar items 'View' and the 'Autoscale button'. This is achieved by de-
selection of the menu items File|Options|Toolbar|[View button an File|Options|Toolbar|
Autoscale button.

Once this is done, you should save the new configuration using the File|[SaveAs command. When
you load it again with File|Open the following main view should appear:

& SCOUT L:\help\SCOUT3\scoutimain_window_usage\step2_user_interface.sc2
Method  Import St Export  Workbook

Demo: Getting a

Ag thickness [nm)]

Wacuum
Ag rnodel (TL)
13.1 nm
Glass (microscope slid

In the following chapter we will see how such a SCOUT configuration can be used by operators in
order to analyze measured spectra.
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3.2

Mastering the main window

Main window overview

This section explains how you work with the main window. It is assumed that a working optical
model exists and the main window has been configured in a user-friendly way. Since there is a large
variation of possible designs we cannot cover all variations of the main window appearance. The
following example shows a typical case covering the most important features.

The example used here is a simple thickness determination. The task is to get the thickness of a
sputtered silver layer on microscope slide glass from a measured reflectance spectrum in the
spectral range 200 ... 1100 nm. This configuration has been made in the previous 'Quick start’
section. The main window looks like this:

H scout L:\help\SCOUT3\scout\main_window_usage\step2_user_interface.sc2

Method  Import Stat Export  Workbook

Demo: Getting a layer thickn

g thickness [nm]

Sample:
10s
Fit deviation:
0.0000265
“Wacuum
Ag model (TL)
13.1 nm
04 Glass [microscol
0.2
0.0 T T
200 400 600

The task of this configuration is to provide a user-interface for importing spectra, do the analysis, and
export the results. In the ideal case of a well-defined and tested configuration the user has to handle
only a small number of commands in routine work.

Sometimes the graphical settings are not appropriate and the user may want to change it. How this
is done is explained in a separate section.

A little more advanced is the combination of the main window and the batch control window. This is
also explained separately.

Routine work

Here is the sequence of commands for a simple routine case with spectrum import, analysis and
export of the results.

Spectrum import

Use the Import command to load new spectra. First the user is asked to enter a short text
charcterizing the sample. This text will replace the text 10 s' which is shown in the upper right
rectangle underneath 'Sample:".
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Type in "14 s' and then select the file ag_14.std (SCOUT standard format) that comes with tutorial 1.
Make sure the spectral unit in the following range dialog is set to nm:

Spectral range

Mirirnuirn I 200,00 Uit
b aimrn I 100,00 nim |

Murmber of paints | 200

ak. Cancel

The SCOUT window should now have changed to this:

& SCOUT L:\help\SCOUT3\scout\main_window_usage\step2?_user_interface.sc2 |z\|§||z|
Method  Import St Export  Workbook Mem [

Demo: Getting a layer

Ag thickness [nm] Sample:

14 s
Fit deviation:
0.0189791

Wacuum
Ag model (TL)
13.1 nm
Glass (microscope slid

Doing the analysis

You can change the silver thickness value in the optical model by moving the height of the yellow bar
on the left with the mouse. In this simple example it is very easy to find a good solution just be
manually trying different values.

You can also press the Start button to tell SCOUT to do the analysis. The progress of the fit is
indicated by the number given underneath the label 'Fit deviation'. This number describes the average
difference between model spectrum and measurement - it should be as small as possible. While the
fit is running, the Start button becomes a Stop button. Use this button to interrupt the fit, freezing
the current best parameter values. When the fit stops the Stop button turns into a Start button
again. The fit result for sample 14 s'is this:
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& SCOUT L:\help\SCOUT3\scoutmain_window_usage\step2_user_interface.sc2
Method  Import St Export  Workbook

Demo: Getting a lay

Ag thickness [nm)]
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Write the results to the Workbook

Apply the Export command to write the obtained parameter values for this sample to the workbook.
The values of all defined optical functions are written to the workbook as well. If this is the first time
you write to the workbook, SCOUT will erase the workbook page for the results and create a new
one. It will ask you for the permission to do so:

9P ) Wiorksheet Format does nok match the present configuration! Erase the worksheet?
-

Yes Mo |

Having answered 'Yes', you can now go back to the import step and analyze as many spectra as
you like, exporting for each one the results to the workbook.

Saving the results
Once you have processed all samples, you have to save the results that are listed in the workbook.
In order to do so, open the workbook with the Workbook command:
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H_Wurkhunk
| E11 |
A | B | ¢ | o | E | E =
1 |Fit results ]
2 |[Sample 14 = 16 5 18 s 205
3 |Parameter
4  [Deviation 0.00001250.0000153 0.0000222 0.0000131
3 |[Infa
6
i |k Chcoded3 Choodensi CheodehSl ChcodehZCOUT tute
8
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10
11 I _|
12
13 -
4| »[% Fit results & Tntegral quantities /4 Object info /& Sheet] ] ¢ | v

If you like you can use the Autosize cells command to adjust the size of the cells automatically:

E_Wurkhunk
| N1 |
A | B | -
1 |Fit resulis ]
2 |[Sample 14 = 16 5
3 |Parameter
4 |Deviation 0.0000125
5 |Info
6
I |R ChoodedSCOUT tutonial 1hag 14.std | CheodebVICOUT
8
9  |Stack 1 Layer 2 Ag maodel (TL): Layer thickness 18.9696
10
11
12
13 -
4| v [y Fit results ﬂ Integral quantities é Object infa é Sheetl [4] | v

The workbook has file commands to save its content in various formats, including text files and Excel
5 format. You can also select a range of cells or the whole sheet and use the Copy command to
copy the cell content into the clipboard (for a subsequent paste action into Excel, for example).

3.3 Manipulation of the displayed graphs

Sometimes you may want to change the pre-defined graphics settings in a view in order to inspect
details of a spectrum. The statusbar provides (on the left side) some controls that you can use to do
so. If the statusbar is not visible, press the key s on your keyboard to let it appear:
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Method  Import Start Export  Workbook Mem [H
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Graph selection

Before you use one of the controls you must make sure that the graph you want to change is
selected. The name of the selected graph is indicated in the bottom left corner of the status bar. You
can change the selection by a simple mouse click on the graph you want to modify.

Automatic scaling

Press the speed button labeled 'A' for automatic scaling. SCOUT will determine the required range of
the x- and y-axis to display both the measurement and the simulation. If the measurement contains
large fluctuations due to noise the automatic scaling may fail to give a good ovenview about the
spectra. In this case, you have to do the settings manually or using the sliders described below.

Edit graphics parameters manually
If you want to set the displayed region manually, or change other parameters like the frame mode (to
display grid lines, e.g.), apply the 'E' button which opens the graphics dialog of the graph:
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3.4

Title: |Flelleclance Height: | 7 p
Load Frame mode: | 3 Pen data: 4
Line mode: | 4 Pen frame: 1
Grid line mode: | 4 Pen grid: 7
¥-axis y-axis
Text: |’w’avelength |Flellectance
Height: 7.0 70
Unit:  |nm
Unit Factor: 1.0E+000 1.0E+000
Minimum: 200.00 0.000
M aximum: 1100.00 1.000
Tick spacing: 200.00 0.200
Decimals: IT ,1_
Offzet: %0.00 35.00
Length: 200.00 150.00
[~ logarithmic scale [~ logarithmic scale
|¢ (1]4 | X Cancel ‘

See the section 'Graphics course' delivered with SCOUT for more details of graphics settings.

Changes by slider motions
The status bar has four sliders which can be used to change the displayed range of a graph
conveniently. Here is how they work:

As soon as you mowe one of the sliders, automatic scaling is performed. The computed ranges for
the x- and the y-axis are stored internally. With the two top sliders you can now set the size of the
displayed range for the x- and y-axis, respectively. The left slider position means 0%, the right
position 100% of the maximum range.

The two bottom sliders are used to set the position of the center of the graph (left slider: x-axis, right
slider: y-axis): The left slider position sets the center of the graph to the minimum of the range found
by auto-scaling, the right position corresponds to the maximum of the range.

You are encouraged to play for a while with the four sliders to get used to their function. After a short
time of practise it should be clear how to move around.

Restore graphics settings

Once you have zoomed into the graph or auto-scaled the graph and you want to go back to the
original display, press the 'R’ button. This restores the graphics parameters that were set in the last
edit operation (button 'E'). If you did not edit the parameters manually, the initial settings of the
loaded SCOUT configuration are restored.

Working with the batch control window

If a SCOUT analysis method works fine for almost all input spectra, you may want to process the
spectra to be analyzed completely automatic. You can do so using the batch control window as
explained below. The proper configuration of the batch control window should have been done by an
experienced SCOUT user (the batch features of SCOUT are explained in a separate section). This
section describes how to use such a solution.
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In order to work in batch mode, you hawe to have access to the main menu of SCOUT. If the main
menu is not visible you can make it appear pressing m on your keyboard. The menu command
Actions|Batch control opens the batch control window. The batch window is a kind of workbook
which will hold the names of the input spectra and - after having completed the batch fit - the results.
It may look like this:

EBalch control g@@

SCE =B FF --= 3C2 BF = 3C2 FP+3P --= 3C2 Acguite
[ ® | |
A | B | ¢ | o | E | F =

1 |Sample 1
2 |Mame

3  |Parameter

4

5 |Spectrs

6 |F I _|

T

8 |Fi

9  |Prefit set

10 |Fit deviation

11

12 |Fit parameter sets

13

14 |FParameters

15 |Stack 1 Layer 2 Ag model (TL): Layer thickness

[T i
4| v [\ Results A Input options A, Pre-fit N«] | W[

First you should inspect the 'Input options":

“Batch control g@@

3CE = WE FP --» 3C2 3P --» 302 FP+3F --= 3C2 Acquire
| B2 |C:codeASCOUT tutorial 1% ||
A | B | ¢ | o | E ] F | 6 =«
1  [Spectrum Path Input format | Input option Extension Data smoothing 1
2 |R T codedSCOUT tutarial 101 1 1
3
4
5
B -
| E Results h Input options ﬂ Pre-fit / N4] | v

Check, if your input files are really available in the specified path, and if the input format matches
(see the section about preparing batch files for more information). Then go back to the 'Results' page
and place the cursor in the row of the spectrum for which you have measured spectra (row 6 in our
case). Use the batch control menu command Add multiple files and select the last spectrum you
want to load in the following dialog (note that the file ag_22.std is selected). Do not press the Open
button yet:
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Look ife | _) SCOUT tutorial 1 x| = E e E
@ E ag_1.std % ag_l4.skd Eltul_el_exp_data.spc |E
: Eag_&std Eag_lS.std @tul_el_stepl.sgs |E
MyRecent  |[# ag_3.std [# ag_t6.std =] bl _e1_stepz.s98
Documents Eag_‘}.std % ag_17.skd @tul_el_step&sgs
[__‘: Eagj.std Eag_ls.std @ltul_el_step‘}.sgs
- E ag_bk.std E ag_19.std @l tul_e?_exercise.s95
Diesktop E ag_7.std % ag_20.skd @ tul_eZ_skepl, 593
. E ag_&,std ﬁ ag_z1.skd @I tul_eZ_stepZ,s93
’) E ag_9.std E ag_zz.std @l tul_e?_step3.s98
My Documents E ag_10.std ﬂag_glass.xls Etul_exz_exp_datal.spc
E ag_11.std ﬂangles.xls tul_ex2_e><p_data2.spc
, ~ E ag_12.std First.spc @l tul_ex3_stepl.s98
g’ Eag_lS.std  Thumbs. db @tul_exS_steszQS
by Conputer ¢ | »
.
Q File: narme: Iag_22.std j Open |
My Metwork,  Files of tupe; I LI Cancel |
G [~ Open as read-only

Now hold the Shift key down and click on the first file to be loaded, in our case ag_1.std. This will
select all spectra in between:

s e =

@ ag_l4.skd
E ag_15.std
% ag_la,skd
E ag_17.skd
E ag_18.std
% ag_19.skd
E ag_z0.skd
E ag_z1.std
% ag_22.skd
ﬂag_glass.xls

ﬂangles.xls
Efirst.spc
2 Thumbs.db

Eltul_el_exp_data.spc |E
=] tul_e1_stepl.s98 e
=l tu1_e1_stepz.s98

=1 _el_step3.s98

=] tul_e1_step4.598

@ tul_eZ_exercise.s95

=1 _ez_stepl .98

=]t _ez_stepz.598

=l tu1_ez_step3.s98
tul_ex2_e><p_datal .5pc
tul_ex2_exp_data2.spc

@ tul_ex3_stepl.s93

@l tul_ex3_step?.s95

I"ag_1.std" "ag_2.std" "ag_3.std" “ag_4.std"" j

2l
Open |

Logk in: | _) SCOUT tutarial 1
_ E ag_1.std
@ [# ag_z.std
gi_l,l Recent E ag_3.std
acuments @ g
i # ag_4.std
@ E ag_5.std
E ag_6.std
Degklop E ag_7.std
. E ag_&.std
"\’-> E ag_9.std
E ag_10.std
ty Documents Eag_l e
. E ag_12.std
: E ag_13.std
iy Conmputer <
= -
ﬁg File name:
My Metwark, Files of type: I
Flaces

[ Open as read-only

;I Cancel |

Now press Open and \erify that all flenames have been entered as input spectra into the Results

page of the batch control window:
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I3 Batch contral

File ©Copy Paste Autosize cells Mainwiew Prepare  Go!  Fit current sample Clock.  Actions
BC2 > WEB FF > 3C2 5P > 3C2 FP+3F --> 502 A couite
| WE ag_22.std |
A [ B | ¢ [ o [ E | F | &6 | ®w [ 1 [ .=
1 |Sample [ 1
2 |Mame 1 2 5 4 5] 4] 7 g
3 [Parameter
4
5 |Soectra
6 |R ag 1.std ag 2.std ag 3.std ag 4.std |ag S.std ag 6.std ag 7.std &g B.std ag 9
T
8 |Fi
9 |Pre-fit get
10 |Fit deviation
11
12 |Fit parameter sets
13
14 |Parameters
15 |Stack 1 Layer 2 Ag model (TL): Layer thickness
16
1T | Functinns hd
BN oo, L =

Finally press Go! and wait until the batch fit finishes to process all input spectra.
written to the batch control window:

E3 Batch contral

The results are

File ©Copy Paste Autosize cells Mainwiew Prepare  Go!  Fit current sample Clock.  Actions
BC2 > WEB FF > 3C2 5P > 3C2 FP+3F --> 502 A couite
[ = |
A [ B | ¢ [ o [ E | F | &6 | ®w [ 1 [ .=
1 |Sample [
2 |Mame 1 2 5 4 5] 4] 7 g
3 [Parameter
4
5 |Soectra
6 |R ag 1.std ag 2.std ag 3.std ag 4.std |ag S.std ag 6.std ag 7.std &g B.std ag 9
T
8 |Fi
9 |Pre-fit get Set 1 Set 1 Set 1 Set 1 Set 1 Set 1 Set 1 Set 1 Set
10 |Fit deviation 0.0003169)0.0010484 0.0006475 | 0.000282 2.69E-005 3.02E-005 3.28E-005 3.22E-005 2571
11
12 [Fit parameter sets
13
14 |Parameters
15 |Stack 1 Layer 2 Ag model (TL): Layer thickness 0.7520679 1.697 1824 2.3869147 3.8397772 B.3048539 7 6462736 B.9435101 10.225013 11.8°
16
1T | Funectinns hd
AN oo, L =

Save the batch control window with SaveAs (you could generate Excel files, for example) or paste
the data to the clipboard for subsequent processing. More information about inspecting the results is

given in a section below.
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4.2
421

The optical model

Overview
The optical model in SCOUT is composed of three types of objects:

e Materials (selected from the database or user-defined)
e Layer stacks (selected from the database or user-defined)
e Spectra (user-defined)

For each object type there is a list that manages the individual objects (create, delete, modifiy).
Please read the section about lists if you are not used to work with SCOUT lists.

Defining Materials

Introduction

In order to use a material in SCOUT you hawe to define its optical constants (see below). In addition,
you can define several other quantities such as thermal conductivity, density or deposition rates
which may be required by some SCOUT or CODE computations. These numbers are stored together
with the material's optical constants. Each material window has a menu item called Properties
which has submenu commands to edit the available material properties.

Optical constants
In most cases it is the electric field of the probing light wave that interacts with the sample. Hence

excitations can be observed in optical experiments that are going along with a polarization. The
polarization P induced by an externally applied electric field E in a homogeneous material is given by

the electric susceptibility y:
P=cyE

The dielectric function & which connects the dielectric displacement and the electric field vector is
closely related to the susceptibility:

D=¢geltl, s=1+yg

The frequency dependence of the susceptibility is very characteristic for a material since it
incorporates vibrations of the electronic system and the atomic cores as well as contributions from
free charge carriers.

The complex refractive index n + i k is the square root (with positive imaginary part) of the dielectric
function. Both the dielectric function and the refractive index are called optical constants. Internally
SCOUT uses the dielectric function for all computations. In a material's window you can display both
quantities, as described below.

The list of materials in SCOUT can exchange objects with a database of materials.

The SCOUT software offers several ways to define the frequency dependence of real and imaginary
part of the dielectric function. You can import fixed data sets, i.e. tables of real and imaginary part for
seweral spectral points, or you can setup models that give some mathematical expressions for the
optical constants.

Optical constants can be displayed in various ways: As dielectric function or complex refractive
index n + i k. In addition you can show the absorption coefficient o or the energy loss function.

The following sections give more details on the individual types of materials available in SCOUT:
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422
4.2.21

4.2.2.2

Imported dielectric function (fixed data sets)
Dielectric function model

KKR dielectric function models
Master models
Effective dielectric functions

Properties

Overview

Each material window can display different representations of the optical constants.
In the following the computed quantities are demonstrated using a dielectric function for quartz glass
in the mid infrared. It looks like this:

SiO, dielectric function model

(V)]

Dielectg.c function

W
|

O
1

S5 . ;
500 1000 1500 2000

Wavenumber [cm 1]

Use the Properties submenu to select the property which is to be displayed in the material's
window. At present, the following properties (besides the dielectric function) can be computed and
displayed:

o Refractive index
¢ Absorption coefficient
e Energy loss function

If you change the selection of the displayed property the graphics parameters are automatically
changed and auto-scaled.

Refractive index

If the display property is set to 'Refractive index' the refractive index n + i k will be computed from the
dielectric function and displayed. The real part n is drawn in blue, the imaginary part k in red if the
default graphics settings have not been changed.

For the glass example you get here the following graph:

© 2019 Wolfgang Theiss



SCOUT technical manual The optical model 45

SiO, dielectric function model

Refractive index

—
1

500 1000 1500 2000
Wavenumber [cm]

4.2.2.3 Absorption coefficient

Here the absorption coefficient is computed from the corresponding dielectric function data. It is given
in 1/cm. For the glass example one gets the following values:

§ Si0, dielectric function model
540000 -
Q
3
S 30000 -
.S
=]
_c% 20000 -
<
10000
500 1000 1500 2000
Wavenumber [cm1]
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4.2.2.4 Energy loss function

Here the energy loss function is shown. The glass example has these values:

SiO, dielectric function model

500 1000 1500 20

000
Wavenumber [cm ]

Huergy loss function

—
1

4.2.2.5 Others

Besides optical constants, a material in SCOUT can hawve the following properties:

Thermal conductivity
Density

Dynamic viscosity
Specific heat
Etching rate
Depostion rate

The menu item Propterties offers submenu commands to set the numerical values of these
quantities. Please not the indicated unit if you type in new values.

4.2.3 Material types

4.2.3.1 Imported dielectric function: Fixed data sets

Fixed data sets are tables of the real and imaginary part of the dielectric function given in a certain
spectral range. Most of the data are obtained from literature somehow (by typing in or scanning
published table values or digitizing published curves). Some may have been obtained from more or
less direct evaluation of measured spectra (like KKR analysis of reflectivity data or spectroscopic
ellipsometry).

Importing external optical constant data into SCOUT

If you want to work with fixed data sets for optical constants you have to create an object of type
'Imported dielectric function' in the list of materials. Objects of this type have an Import command
that is used to import optical constant data from text files. In addition you can import data from the
workbook.

The import of n and k data from textfiles is explained in a step-by-step example. Getting data from
the workbook is also explained below.
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Comments on spectral ranges of different objects

If you import fixed data sets from the database and you use them for a computation, the spectral
range of the spectrum to be computed may differ from that of the fixed data set. Like in all SCOUT
objects linear interpolation is applied to obtain dielectric function values in between two specified
spectral positions of the dielectric functin object. In case of extrapolation the dielectric function
values of the closest specified spectral point are used — this means that you should avoid
extrapolation unless the dielectric function is almost constant.

4.2.3.1.1 Importing data from the w orkbook

If you have original optical constant data in a spreadsheet format (e.g. in Microsoft Excel) and you
want to use them in SCOUT you can import the data via the built-in workbook. In the list of materials,
create a new object of type 'Imported dielectric function' and open its window (Edit):

B[=1E

File Import Export Update Graphics Property ‘Workbook 7
5 Setup E
20
E
:
= 10
B
(<]
o
=
e L S
.10 4
20 T T T T
oo 0z 04 0a U] 10
Energy [e¥V]
Ref Il

Use the Workbook|Open workbook command to open the workbook.
Now copy and paste the data to be imported into one of the sheets of the workbook. It should look
like this:

Workbook |:| |§| Pg|

File Copy Paste Clear Graph  Autosize cells  Test
51 | |
A | B | ¢ | b | E | E=
1 |
2
3 Mew data from literature
4 % n k
5 260 2408627 04156654
6 255 2.4118736 03320514
7 280 2 4125633 03499037
8 245 2 4109764 03193622
9 2.40 2. 4074607 0.2905051
10 2,35 2.4022388 0.2634026
11 230 2. 3956075 0.2380615
12 2,26 2.3878107 0.2144838
13 2,20 2.37895738 01926634 -
<[ >\ Sheetl / 4] | am
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423111

Place the cursor in the upper left corner of data block that you want to read, in this case the cell C5
that contains the first energy value of 2.60 eV:

=1

Workbook Z

File Copy Paste Clear Graph Autosize cells  Test
5 |2.B |
A | B | ¢ | b | E | E=
1 i
2
3 Mew data from literature
4 2 n k
5 I 2.EEI_| 2408627 0.4156654
6 2562 4118736 03320514
i 2,50 2.4120633 0.3499037
8 2,45 2.4109764 03193622
9 240 2 4074607 02905051
10 235 2 4022388 0 2634026
1 2,30 2.3956075 0.2330615
12 2,26 2.3878107 0.2144835
13 2202 3789578 01926634 -
1 b:Sheeﬂf el | a2l

Now go back to the new 'Imported dielectric function' object. If the workbook data contain n and k
values, use the command Workbook|Import x,n,k and press 'a' to autoscale the graph:

=, Oxide
File Import Export Update Graphics Property  ‘Workbook 7
) Setup "]
15
’ _F—r_ﬂ___/_r__
=
H 20
w
g
1.5 4
&
i
1.0 A
0.5+
DD | ‘/_//
1.2 14 18 18 20 223 24 14
Energy [eV]
Ref Ind

If the spreadsheet data block contains dielectric function data, use the command Workbook|iImport
X, real part, imaginary part.

Up to now you cannot change the spectral unit if you import data from the workbook. This will be
improved soon. Use the possibility to import data from text files if your spectral unit does not match
the unit of the 'Imported dielectric function' object.

Importing data from text files

In order to import optical constant data from text files you must create input files of a certain
structure. You can import dielectric functions or refractive index data. In both cases, the files must
consist of three columns. The first column contains the spectral position (wavelength, wavenumber,
frequency, ...), the second and third columns the real and the imaginary part, respectively. The
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columns must be separated by spaces or tab stops. Floating point numbers must be stored using
decimal points, independent of the regional settings in your Windows system.

No header line and no line after the last data point is allowed.

Here is an example for n and k data:

400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700

DD DN DNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDDNDIDN

Once you

its window which should look like this initially:

.408627033
.411873579
.412563324
.41097641

.40746069

.402238846
.395607471
.387810707
.378987789
.369399548
.359213591
.348565817
.337641954
.326568365
.315360069
.304250717
.293296814
.282603025
.272218227
.262247324
.252709866
.24363637

.234975576
.226799965
.219054222
.211731434
.204816103
.198265076
.192091942
.18625164

.180743456

O O O O O O OO OO O OO O OO O OO0 oOo o oo

.4156653583
.3820514381
.3499037027
.3193621635
.2905050516
.2634026408
.2380614579
.2144837677
.1926633567
.1725632399
.1541357189
.1373167932
.12204598¢64
.10827066
.09589903057
.08483409137
.075044974¢68
.06639868021
.0588131547
.05217254534
.04636290297
.04127727076
.036819987
.03293710575
.02952171676
.02650727145
.02387103066
.02153578214
.01947694644
.01764915884
.01603478752

have created a new object of type 'Imported dielectric function' in your material list, open
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B=1/ES
Impart  Export Update Graphics  Property  Workbook 7

Setup [

g
=
:
:
c

Eel Ind

In order to import optical constant data from a text file, use the Import command and select the file
you want to read from. At the bottom of the file dialog you can select the file type. Choose 'Data
table (x, real, imag)' if you want to import dielectric function data, and select 'n and k from data table
(x,n,k)" if the file contains complex refractive index data.

SCOUT reads the file line by line and determines the spectral range covered by the data. The
following dialog gives you a chance to set the proper spectral unit:

Spectral range §|

b irirnamm | It
b airnum | i ﬂ

Mumber of points |3

0k, Cancel |

In this case the spectral range is given in nanometers, so the 'eV' should be changed to 'nm'.

In addition, you can change the number of spectral points in the dialog. SCOUT gives the number
of points found in the file. SCOUT always works with equidistant spectral positions. If the data in the
file are non-equidistant, SCOUT will create an equidistant grid of spectral positions covering the found
spectral range. If you don't change the number of points, it will use as many points as found in the
file. The optical constant data on this equidistant grid of spectral positions are obtained by linear
interpolation of the original non-equidistant data points. If there are large differences in the spectral
distances of the original points it might be useful to increase the number of points of the equidistant
grid.

Having changed the spectral unit to 'nm' and the number of points to 100" the dialog looks like this:
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Press OK and then 'a' to autoscale the graphics. Note that the new 'Imported dielectric function
object might not display the complex refractive index but the dielectric function:

Spectral range [z|

b irirnLarm | [drut

|nm Tl

R |

Murmber of points |-| od

ak. Cancel |

File Impart Export Update Graphics Property  ‘Workbook 7

= Setup

(_\

= L
1 1

Dielectric function
[N ]

A0 450 500 S50 600 650 700
Wavelength [

Rel Inl

If you want to see the complex refractive index, use the Property command and select 'Refractive

index":
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File Import Export Update Graphics Properky  Workbook 7

= Setup E

25 4
i ————______________
-
=
.g 20
2
& 15 -
(&
o
10+
05 4
I:ID | &
400 430 500 550 a00  AS0 0 700
Wavelength [

Rel Inl

It is a good idea to permanently store the new object in your database.

4.2.3.2 Dielectric function models
4.2.3.2.1 Introduction

The dielectric function e which connects the dielectric displacement and the electric field vector is
closely related to the susceptibility y :

[):505/}77, e=1+y

The frequency dependence of the susceptibility is very characteristic for a material since it
incorporates vibrations of the electronic system and the atomic cores as well as contributions from
free charge carriers.

The following susceptibility types are supported by SCOUT:

Constant

Constant refractive index
Harmonic oscillator

Drude model for free carriers
Extended Drude model
Brendel oscillator

Kim oscillator

Genvais oscillator
User-defined formula

Imported data
KKR susceptibility
KKR susceptibility Il
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Appropriate models for interband transitions are discussed in the section on KKR dielectric function
models.

4.2.3.2.2 Susceptibilities
4.2.3.2.2.1 Constant

The figure below shows a dielectric function typical for a semiconductor in the infrared, visible and
ultraviolet spectral region. The very strong structures in the UV can be assigned to electronic
interband transitions (critical points in the joint density of states). In the infrared region one is far
away from the interband transitions which can be noticed only by an almost constant and real
contribution to the dielectric function - the so-called dielectric background. Therefore the optical
properties in the infrared can be described quite well by just the sum of a constant and real dielectric
function (sometimes called ex where « stands for 'very high frequency' from the infrared viewpoint)
and the contributions describing infrared excitations. Free carriers are responsible for the structure in
the dielectric function below 1000 cm-1.

N
S

Dielectric function
B
|

0 10000 20000 30000 40000 50000
Wavenumber [cm!]

Typical dielectric function of a group 1V semiconductor (silicon) characterized by an
almost constant dielectric function in the mid IR in between strong interband transitions
in the UV and free carrier contributions in the far IR.

The dialog to edit a constant susceptibility in SCOUT is the following:

Dielectric background |

Real part: |2_2
Irmaginany part; I [.0000

M arne; IDB

] 4 Cancel | Help |
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Although the imaginary part of realistic dielectric functions is close to zero in regions of a
constant real part you can define a constant imaginary part different from zero for test
purposes.

4.2.3.2.2.2 Constant refractive index

For those who prefer to think of refractive indices when dealing with optical constants here is a
constant refractive index susceptibility. It has just a constant real value the square of which is the
real part of the susceptibility. The imaginary part is zero.

Note the remark about the combination of a constant refractive index susceptibility with interband
transition models given below in the section about KKR susceptibilities.

4.2.3.2.2.3 Harmonic oscillator

Microscopic vibrations involving the motion of the atomic nuclei (which are much heavier than the
electrons) usually have their resonance frequencies in the infrared region. These characteristic
frequencies depend on the oscillating masses and the strength of the bonding between them and
hence can be used for material identification (which is the reason for the dominant role IR
spectroscopy plays in analytical chemistry). In the case of silicon important impurities like carbon
and oxygen are detected by their characteristic vibrational modes. Susceptibilities describing
microscopic vibrations can be modeled by harmonic oscillator terms:

2
QP
X Harmonic oscillator 2 ~2 ~
Qrp =V —ivQ,

Q, gives the

oscillator strength, QT the damping and QTO the resonance position. The index TO is used here

since with the same oscillator model transverse optical phonons (lattice vibrations, TO-modes) are
described.

The corresponding SCOUT dialog is this:

Harmonic oscillator |
Resonance frequency I-I 080
Ozcillator strength IEMI
D'amping conztant I-I a
Name Si-0-5i
] 4 Cancel Help

4.2.3.2.2.4 Drude model

In the case of doped semiconductors the charge carriers set free by the donors or acceptors can be
accelerated by very little energies and hence do respond to applied electric fields with frequencies in
the infrared region. A simple expression for the susceptibility of free carriers (which is also applicable
to metals, of course) is given by the so-called Drude model where the carrier concentration and a
damping constant enters:
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oF ) s nel
V)=- with Q% ="
Zona (V) P4 ivQ Poem

T
€2 : Plasma frequency
€2, : Damping constant
7. Charge carrier density
m: Effective mass

2: Elementary charge

The parameters plasma frequency and damping constant can be set in the corresponding SCOUT
dialog:

Drude model Ed |

|1 500

Flazma freguency

D'amping congtant |45EI

Hlzmie IEIectans

0k, Cancel | Help

4.2.3.2.2.5 Extended Drude model

The classical Drude model works with a damping constant which does not depend on frequency.
This is a good approximation in most cases. However, there are situations where the damping of the
free carriers exhibits a characteristic dependence on frequency, for example in the case of scattering
at charged impurities. A rather simple, but successful choice of the frequency dependence of the
damping term is the following:
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: fe
oy Q5 _ -
Xowa V) =—-———— with Q;=—
+1i T E,:,m
¢ s &
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€, : Plasma frequency

Q_, . Damping constant at low frequencies

r?
€2, sz - Damping constant at high frequencies

Q : Crossover frequency, center of the transition region

T, Cvass over
€2, yian, - Width of the transition region
#1: Charge carrier density
m: Effective mass
2: Elementary charge
The function for the damping constant is chosen to change smoothly from a constant at low
frequencies to another constant level at high frequency. The transition region is defined by the

crossover frequency and the width parameter. A typical case of the frequency dependence of the
damping constant is shown below:

Extended Drude model
2000

1750
1500

Damping constant [1/cim]

0 5000 10000 15000 20000 25000 30000
Wavermumber [ 1/cm]

The parameters of the extended Drude model are set in the following dialog:
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Extended Drude model

Plasma frequency | 1000.00
Damping [low freq.] | 2000.00
Darping [high freq) | 190-00
Crossover freq. | 3000.00
Crossover width | 1000.00
Mame |E|eu:tru:-n$
Ok, Cancel | Help

X

4.2.3.2.2.6 Brendel oscillator

The simple harmonic oscillator model for vibrational modes can be refined by an improved version
(suggested by Brendel) that accounts for local variations in disordered systems by a Gauss-

distribution of resonance frequencies:

o0

(x—QO’j

2
QP,J‘

dx

~ 1
Z;(V):mjexp Y=
j j

—00

2 ~2 0 .
xT=vi—ivQ)

Depending on the values of the width s of the Gauss-distribution and the damping constant QT any

line shape between a Gaussian and a Lorentzian can be achieved. Due to this flexibility the 'Brendel'
model has turned out to be very useful in many cases.
The four quantities of Brendel oscillators can be set in the following SCOUT dialog:

]|

Brendel oscillator
R ezonance frequency |2‘I 50
Dzcillatar strength |35
D armping |2
Distribution width [12
M arne ISi'Hl
k. Cancel Help
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4.2.3.2.2.7 Kim oscillator

An extension of the simple harmonic oscillator model for vibrational modes suggested by Kim et al.
[Kim 1992] allows a continuous shift of the line shape between a Gaussian and a Lorentzian profile.
This is achieved by the following frequency dependence of the damping constant:

Q2 1 (v-Q
Q2 v —ive(V) l+o’( Q

T

2
70

/},/Kim oscillator —

with 7(7)=Q_exp| —

The constant s is called Gauss-Lorentz-switch. Like almost all fit parameters it may vary between 0
and infinity. For o = 0 a Gaussian line shape is achieved. Large values of o (larger than 5) lead to a
Lorentzian.

The Kim model is similar to the Brendel oscillator which also gives lineshapes between a Gaussian
and a Lorentzian. However, the computational effort is much less. Thus, if you have to work with
many oscillators, the use of Kim oscillators instead of Brendel oscillators can save a lot of time.
The four quantities of Kim oscillators can be set in the following dialog:

Kim ozcillator |
Fezonance frequency
Dzcillatar gtrength I 20.0
D amping | 45,000
5 auzs-Lorentz-switch I 0.050
Name K.irn test
(] Cancel | Help

4.2.3.2.2.8 Gervais oscillator

An extension of the harmonic oscillator model described in [Gervais 1974] has been included in the
SCOUT software since it turned out to be useful for the description of infrared active phonons.
The original formula is

2 2 .
(@)= Qo —" —iy,,0

cw)=¢,] |Qz ——
j 2o —@ T1Y i@

and it represents the dielectric function as a product of individual oscillator terms. For each term
there are four parameters, the resonance frequencies QjTo of the TO modes (poles of the dielectric

function), those of the LO modes (poles of the inverse dielectric function) QjLo and a damping

constant for each of the modes (YjTo’ ijO)'

Due to multiplicative form of the expression it is not recommended to mix this model with others. The

parameters of all ten possible oscillators and the dielectric background are set in a dialog box like
the following:
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Gervais oscillator parameters

Diglectric backgraund: I 30

x|

10 dampinig TO LO damping LO MHame
1 | 947.2 |??.9415 | 1654.3 |2n.55t|c| |Main phanan
2 | 14000 [500000 | 15000  [1000000 |
3 | oo [ooooo | oo | 0oooo |
4 | 00 | ooooo | oo | ooooo
§ | 0o [ooooo f on | 0.0000 |
E | 00 [ooooo 0D | 0.0000 |
7 | oo 00000 | oo | ooooo
g | 00 | ooooo | oo | ooooo |
g | oo [ooooo f on | 0.0000 |
m | 0o [ooooo | oo | 0oooo |
ITI Cancel |

Note that only those parameters appear as fit parameters and are used for the computation
which belong to an oscillator that was given a name. In the example above the four parameters
of the 'Main phonon' (and the dielectric background) would appear as possible fit parameters. The

others are completely ignored by the program.

Warning: Not all combinations of the four parameters are reasonable. Large differences of the
damping constants for the TO and LO modes may lead to an unphysical negative imaginary part
of'the dielectric function. This may also happen if the resonance frequency of the LO mode is
chosen to be smaller than that of the TO mode.
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4.2.3.2.2.9 Formula

This susceptibility type gives most freedom to the user who can define arbitrary functions for real and
imaginary part. The dialog looks like this:

Formula

Feal part

Imag. part

C1+C24/5000] 2+ C34/5000]

C4-ExP[C5</30000)"2

oy | 1.0500
0z | 00000

I1ze %4 b refer bo the wavenumber in the formula

03 | 04000 o5 | 7.0000
ca | 00300 e | 00000

IS ellrmeier

I arme

2k, Cancel | Help |

In the formula you can refer to six constants labeled C1 ... C6 which appear in the list of possible fit

parameters.

Frequency dependent expressions can be composed using the symbol X which represents the
wavenumber. The dielectric function computed from the formulas of the sample dialog shown abowe is

the following:

Dielectric function
N SN
(e o
1

=
=
|

00 1

-1.0
0.0
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4.2.3.2.2.10 Imported data
This susceptibility type is used to superimpose fixed, imported data for dielectric functions and
flexible, parameterized susceptibilities. The 'Imported data' susceptibility contributes the fixed data to
the composed dielectric function. The Edit command opens a window that show the fixed data

graphically. Here you can import dielectric function data sets.
There are no parameters and consequently no fit parameters available from this susceptibility type.

4.2.3.2.2.11 KKR susceptibility

Susceptibility objects of this type contain a complete KKR dielectric function model which is
explained below. The reason to have KKR dielectric function models also to appear as
susceptibilities is the following: Often KKR dielectric function models must be computed on a very
large spectral range which prohibits a high spectral resolution if one has to keep the number of data
points low. If you use, for example, 2048 data points between 0 and 200 000 1/cm the spectral
resolution is approximately 100 1/cm. If you have to describe infrared vibrational modes with the
same model you run into severe difficulties with this resolution.

In these cases you can use KKR susceptibilities to describe e.g. interband transitions in the UV as
in this example (1024 data points covering the range between 0 and 100 000 1/cm):

uDielestric dunction

20000 40000 60000 80000 100000
Wavenumber [ 1/cm]

You can then use this susceptibility in a dielectric function model describing the visible and infrared
properties with higher spectral resolution (where linear interpolation is used to get the required

intermediate values for the real and imaginary part):
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The parameters (and possible fit parameters) of KKR susceptibilities are exactly the same as those
of the underlying KKR dielectric function model.

-}

4.2.3.2.2.12 KKR susceptibility Il

4.2.3.3

This susceptibility type is derived from the KKR susceptibility type which is described above. The
only difference is that after the computation of the real part (via the Kramers-Kronig transformation)
the value of the real part for zero frequency is subtracted in the whole spectral range. This drags
down the real part to zero for low wavenumbers.

Note that this behaviour of a susceptibility is quite unphysical. Usually any polarizability mechanism
with some dynamics can instantly follow the slowly varying electric fields for low wavenumbers which
is described by a positive real static dielectric constant. For high wavenumbers with time scales far
below the response times of the mechanism no polarization is excited and the susceptibility should
approach zero. In KKR susceptibility Il objects the situation is - due to the subtraction of the static
real part - reverse and hence not very recommendable from a physical point of view. However, there
might be situations where the introduction of this susceptibility type could be useful.

Susceptibilities of this type must be combined with other contributions that add to the real part of the
dielectric functions. Good choices are the types 'Constant' and 'Constant refractive index'.

KKR dielectric function models

4.2.3.3.1 Introduction

Important note: It is strongly recommended not to use KKR dielectric function models in the
list of materials directly. Please work with objects of type 'Dielectric function model' and
use in their susceptibility list a KKR susceptibility. This kind of susceptibility makes use of a
KKR dielectric function model internally.

In some cases one has only a formula for the imaginary part of the dielectric function. This is
especially true for interband transitions where quantum mechanical expressions can be derived from
the band structure of a material.

Fortunately, with a little luck the missing real part can be constructed from the imaginary part using
the Kramers-Kronig-Relation (KKR) that connects real and imaginary part of susceptibilities.
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Of course, there are some restrictions and requirements. The imaginary part of the dielectric function
must be known in a wide spectral range. To be specific, from 0 to infinity. Using a finite maximum
frequency instead of infinity is acceptable only if the imaginary part approaches smoothly zero as its
high frequency limit.

In addition, the KKR relation can only be used with certain numbers of data points, namely powers of
2 (256, 512, 1024, 2048, 4096, 8192, 16384). This is due to the fact that the Hilbert transformation
that brings you from the imaginary to the real part of the susceptibility is realized in SCOUT using
two successive Fourier transforms. These are programmed as so-called Fast Fourier Transforms
(FFT) which are limited to the restricted number of data points.

Using KKR dielectric function models you can mix susceptibility types that require a KKR
construction of the real part with those that have explicit expressions for real and imaginary part. The
algorithm used for the computation of the final dielectric function is the following:

¢ First the imaginary parts of all KKR susceptibilities are summed up

¢ Then the KKR step is done to construct the corresponding real part

¢ Then all the 'normal’ susceptibility terms are added that do not require a KKR transformation

Although the computational effort is large the time to perform the KKR on modern computers is still
in a range that you should definitely consider using KKR dielectric function models for fitting' work.
This is especially true for UV spectroscopy.

Up to now the following KKR susceptibilities have been implemented:
Free formula
OJL model

Campi_Coriasso
Tauc-Lorentz

4.2.3.3.2 Susceptibilities

4.2.3.3.2.1 Free formula

This is the most flexible KKR susceptibility since you can define an arbitrary function for the
imaginary part, specified by a user-defined formula.
The SCOUT dialog is this:

Free formula |

Farmula

[BTE Pl-C1 1 (Ca72 AR C2A ST 240 H-C1)) 24+ C
272

Ilze 4" torefer bo the wavenumber in the farmula

20000000 10000.0000 0.0000
(0000000 | g [iov00.0000 | g [ 00000

C1 C3

C2 IEEIEID.EIEIEIEI C4 |4EIEIEIEI.EIEIEIEI CE I 0.0000
M arme I
] Cancel | Help |

The formula string represents the formula, of course, in which you can use up to 6 constants (C1, ...,
C6) which all appear as possible fit parameters. You will need to refer to the wavenumber in the
formula which can be done by the symbol X
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The formula in the dialog abowe is taken from literature [Campi 1988] and leads to the following
dielectric function:

Dielectric function
s o 8
| |

()]
1

(=)

- 10 T T T
0 20000 40000 60000 80000
Wavenumber [ 1/cm]

Note that this model (Campi-Coriasso) is also available as a built-in susceptibility.

4.2.3.3.2.2 OJL2 model

This model replaces the OJL model of previous program versions which had a small bug in the
computation of the optical constants. If you import old configurations containing OJL susceptibilities
the old model is still used, however.

The so-called OJL model for interband transitions is due to [O'Leary 1997A] where expressions for
the joint density of states are given for the optical transition from the valence band to the conduction

band. Parabolic bands are assumed with tail states exponentially decaying into the band gap as
sketched in the following graph:

Density of states

A Valence band Conduction band
~exp((E-Ec)/vc)

s ~exp((E-Ev)/y)

>
Energy

Ey Eo Ec

The fit parameters of the OJL interband transition model are the gap energy EO, the tail state
exponent of the valence band y and the owerall strength of the transition.
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The imaginary part of the dielectric function is proportional to the combined density of states
obtained from the above assumption on the density of states of the valence and conduction band.
Without modification, the original expression for the imaginary part of the dielectric function would
increase to inifinity with increasing energy. Due to this unrealistic behaviour the construction of the
real part of the dielectric function by two Fourier transforms is not possible. Therefore, a so-called
decay parameter has been added to the original expressions to drag down the imaginary part to zero
for high frequencies. The OJL term is simply multiplied by the exponential exp(-sqr((wavenumber-

EO)/decay))).

The SCOUT dialog to set these parameters is the following:

0JL2 parameters

Strength |-I 34
[3ap energy |21 M45E
Garmma |EE”:I
Decay | 200000
W ame Interband
0k, Cancel | Help

3

The gap energy, gamma and the decay constant are to be specified in wavenumbers (1/cm).
An OJL dielectric function example is shown below:

o

Dielectric function
N oo
| |

AN
|

[\
|

0

0

25000 50000 75000 100000 125000 150000
Wavenuber [1/am)|

In this case the dielectric function had been adjusted to a transmission spectrum of a thin
amorphous film on a microscope glass slide:
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500 1000 150 2000 2500
Wavdlength [nm]

4.2.3.3.2.3 Campi-Coriasso model

The interband transition model suggested by Campi and Coriasso [Campi 1988A] leads to the
following expression for the imaginary part of the susceptibility:

1 6()123 a)r (a) o a)Gap )
. =— Ol —
& (w) @ Ka) — Wy ) -, ] + (a) — Wy ) ®; (a) o )

The 4 parameters of the model must be entered using wavenumber units in the following dialog:

Campi-Coriasso model |
R ezonance frequency |2EIEIEI
Dzcillatar strength I1 0000
D armping I-I too
Gap | 10000
W ame Interband
k. Cancel | Help

Here the following assignments apply:

o Oscillator strength

Damping constant
T

0 Resonance frequency

e e e &

Gap energy
Gap

The following example shows the dielectric function obtained with this model (the parameters are
those displayed in the dialog above) where a constant dielectric background of 1 has been added:
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S

D

/

Dielectric function

V%

8000 10000 12000 14000 16000 18000 20000
Wavenunber [1/cm]
Note that the peak of the imaginary part occurs at the sum of the gap and the resonance frequency.

Below the gap the imaginary part is exactly zero, i.e. there is no absorption.For large resonance
frequencies the Campi-Coriasso model approaches the harmonic oscillator model.

4.2.3.3.2.4 Tauc-Lorentz model

Another suggestion for an interband transition model was given by [Jellison 1998A]. This model is
called the Tauc-Lorentz model and gives the following expression for the imaginary part of the
susceptibility:

1 Sza)oa)T (a)_ a)Gap)

@ (a)2 —0)027 +w’'w’

lj(a)): ®(a)_a)Gap)

T

The 4 parameters of the model must be entered using wavenumber units (except for S which has the
unit (1/cm)"?) in the following dialog:

Tauc-Lorentz model |
R ezonance frequency I1 2000
Strength IEI:":I
D amping I1 0od
Gap | 10000
W amie Interband
k. Cancel | Help
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The following assignments apply:

S Strength (in the Jellison paper a constant A was used which is the
square of S)

o, Damping constant

o, Resonance frequency

Ogap Gap energy

The following example shows the dielectric function obtained with this model (the parameters are
those displayed in the dialog above) where a constant dielectric background of 1 has been added:

S

Dielectric function
(9]

0 ]

5000 10000 15000 20000 25000 30000
Wavenumber [ 1/cm|

Note that the peak of the imaginary part occurs at the resonance frequency. Below the gap the
imaginary part is exactly zero, i.e. there is no absorption.

4.2.3.4 Master models
4.2.3.4.1 Introduction

Master model objects are dielectric function models with the additional feature that you can compute
the values of selected susceptibility parameters from user-defined parameters by user-defined
formulas. This provides a very high modelling flexibility.

There are two types of situations where master models are useful. In the first one the parameters
that you want to obtain from the optical analysis are not those that appear in the susceptibility types
that the program provides. A typical example is the determination of carrier concentrations by
infrared spectroscopy: This quantity is proportional to the square of the Drude parameter plasma
frequency which is the fit parameter to be used here. In master model objects you can define a fit
parameter called 'Carrier concentration' and compute from its value the plasma frequency of the
Drude model which is then used in the calculation of the optical spectra. The user-defined fit
parameters are called master parameters whereas the model parameters computed from the master
parameters are called slave parameters.

In the second case of problems you want to control many model parameters by only a few master
parameters. A good example is the description of amorphous oxides for various oxygen contents. If
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you use the OJL model for the interband transition and you investigated already how the OJL
parameters like gap energy, mass and gamma depend on the oxygen concentration in the oxide,
you may want to describe the oxide by only one parameter, namely the oxygen content. Applying a
master model object you can define the fit parameter 'Oxygen content' and specify for all model
parameters that vary with the oxygen content how they depend on the master parameter by suitable
expressions. This way a complex optical constant model can be completely controlled by only one
parameter.

4.2.3.4.2 Master parameters

In the master model object window you can access the master parameters by Parameters|Masters
which opens the following dialog:

Master parameters Ei |

Walues Digits  Mamesz
1 IT IEI_ IEI:-:ygen content [atomic percent]
e [ [ |
&3 [owm ||
o [“wn [ |
e [ [ |
e [omon [ |

(] Cancel

g

You can define up to 6 master parameters each of which has a name, a value and the number of
digits that is used to display the master parameter's value. In the formulas of the slave parameters
you can refer to the master parameters by C1, C2, ... and C6, respectively. The master parameters
appear as fit parameters of the master model objects.

4.2.3.4.3 Slave parameters

Master model objects hawe a list of slave parameters the values of which are computed from the
master parameters by user-defined formulas or user-defined lookup tables. Slave parameters are
parameters of the susceptibility contributions that make up the dielectric function model. The list of
slave parameters may look like this:

3 Slave parameters
File Mew Edit Delete Update Color Lookuptable =

BE + - t ¥ [}

Walue Forraula rS

1 |21675.9980 C ce frenue 2AP620%CTA-TTB128*C1 5382795 THC1 433681 101 34325864 C 1 "2+ 50324C 1 +10932
2| 723641 Tawls rength 30466+ C1 G000 C 15 04TEIHCL 3R TITHCTME- 4427 DHC 1 ~0+254 2¥C1+517 88
| 3| 50076074 Taucl: darping SDEZA1FCT M AHI2EE1 101 "5- 1060024 C] MHTE I 3THC T 313545+ C1 2244 A1+ C1+H6132 6
| 4192968594 TaucI: Zap S3031THCLEHT0A3EHCT ~5-52068 1 M+ 631 34C13-3422 1+#C1 "2+ 0969+ 1 +10856

5

259520434 Taue II: resonance frecuency S2AITOFCTAEH5000T34C 17550031 3*C ] MH2004T 3+ C 1 A3 5TO03%C 1 72-406 00*C 1423743
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This list is almost the same as the fit parameter list of SCOUT. With New (or pressing the
corresponding speed button '+') you get a list of all susceptibility parameters from which you can
select those that are to be slave parameters (remember that you can select many items at a time
keeping the Ctrl-key pressed while clicking items). In the example above (the AIGaAs model in the
database delivered with SCOUT) seweral slave parameters are chosen which are computed from the
first master parameter (C1, this is the Al content ranging from 0 to 1) according to the specified
formulas.

Instead of using a formula, you can also define the relation between the master parameter and a
slave parameter by defining a lookup table (at the moment, this is only possible for the first master
parameter C1). This feature is especially useful if you have analyzed a sample series with varying
composition (= variation of the master parameter) in the batch control window: In this case you have
already a table of slave values for certain master parameter values. Making use of the batch control
results, create a table like the following in the workbook (don't mix up the workbook and the batch
control window - these are different objects in SCOUT):

5| Workbook

File Copy Paste Clear Graph Autosize cels  Test
B41 E |l
A [ B | ¢ | o | E | F [ &6 [ H-~-
38
39 [AlxGa(l-x)As example
40
41 |Al content I D! 0z 0.4 06 0.8 1
42 |Tauc Il: resonance frequency | 23743.0000 22501.2148 | 22827 B563 23713.6348 2658529434 255852 9434 —
43
44
n -
» [\ Slave parameters A Integral quantities A Object info A, Sheet! [ <] | v[ ]

In order to use this relation for the parameter 'Tauc II: resonance frequency' select the cell B41 in the
workbook as shown and select the parameter Tauc II: resonance frequency' in the list of slave
parameters. Then use the command Lookup table|Read from workbook rows in order to import
the C1 master parameter values (denoted as 'Al content' in the table) from the selected row (SCOUT
will read to the right until the first empty cell is found) and the corresponding slave parameter values
from the row below (denoted as Tauc II: resonance frequency'). The lookup table is used when there
is no formula that defines the relation of master and slave parameter:

. Slaye parameters

File Mew Edit Delete Update Color Lookuptable 2
+ - ¢ ¥ E
Value |Na.me |Formula ~
1 |15316.494]1 Taue I: resonance frequency 240620+ C1 M6 TTR12ERCT SHEITOSTHCL ML 33681 1+ C 1 3+32586+C 1“2+ 5032+C1+1 0932
2| 1794720 Tane I: strength SS04664C ] G090 54 C 150476 RC T IR TATHCL 234407 OFC 1224254 ZHC1+517 28
| 3| 5041 2417 Tane I: daraping SDEEA1HC] MEHIZEE] 1RO A5 196002 C ] MHETRISTHCL M3 135454 C 1 I+ 244 61 %01 H6132 6
| 4151041143 TaueI: Zap SS031THACLMEHTI0E3E*C 15520684 C 1 M+ 6313401 733420 1*C 1 2+ 0069+ C1+1 0856
| 5 |22283.0293 ance frequency
6| 2723156 | Taus 1I: strength SAA2314C 1A+ 24400%C 1 75- 121 520FC T 520791 A3- 10169+ C 12+ 036, T2 1+779. 44
| 7| 79652822 TaucII: damping T01312 B¥C176-21 06822 PHC1 5423809552 54011 266546 6401 "3+H324002 2RC1 255735 0401
4 >

In order to check or modify the lookup table of a slave parameter, select it in the list of slave
parameters and use the command Lookup table|Write to workbook columns or Lookup table|
Write to workbook rows. The data will be written starting at the current cursor position in the
workbook.

In addition to a lookup table import for every slave parameter separately, you can import lookup
tables for all slave parameters in one step if you prepare a corresponding data block in the workbook.
Here is an example:

© 2019 Wolfgang Theiss



SCOUT technical manual The optical model 71

5| Workbook
File Copy Paste Clear Graph Autosize cells  Test
B2 0 |
A | B | c | D | E | F | 6 I
1
2 |Al content I D.I 0z 0.4 06 [NR] 1
3 |Tauc | resonance frequency  10932.0000 13319.0576 152127676 17913.2500 216759330 216759930
4 |Tauc |: strength 517.8800  &76.9406 7BO.Y953 | B07 5839 7023641 | V023641
5 |Tauc | damping 61326001 B016.0112 | 59458188 5068.2715 4907 6074 | 5907 6074
6 [Tauc |: gap 10856.0000 12979 3360 149832695 16942 7402 19206 8594 19296 5694
T |Tauc ll: resonance frequency  23743.0000 2290121458 225327 8863 237136348 250529434 250529434
8 |Tauc Il strength 7794400 0 839.0980 | 8746394 | YE4.0809  BE4.2000 | 6B4.2000
9 |Tauc lI: damping 17077 6992 11991.7881  8193.8545 5636.6152 42459209 | 42459209
10 |Tauc Il gap 14057 2002 16655.1973 |18793.7109 20315.3281 21680.4316 216804316
11 [Tauc llI: resonance frequency | 23366.0000 246006563 256597 4551 |26864.1367 27998.8435 275955.8438
12 [Tauc IlI: strength 4604500 | 4999453 6303735 | 551.7571 1728235 | 1728235
13 [Tauc llI: damping 16650000  2177.0498 2667 7916 2382 4536 2007 1764 2007 1764
14 |Tauc Il gap 17541.8301 18307 9160 19379.06584 20317 1563 20144 4219 20144 4219
15 |Tauc M resonance frequency  29713.9004 287550032 29371.1133 31962 4746 31418.2109 31418.2109
16 |Tauc IV strength 7854000 | 1726.9529 16525227  1613.0676  1651.3461 | 1651.3461
17 |Tauc M darnping 92117998 84786938 87183975 111998516 90305703 | 9030.5703
18 [Tauc MV gap 24293.0000 27068.8691 264259453 26435 3711 26473 9629 26473 9629
19 [Tauc ' resonance frequency | 24438.0000 26141.7520 27310.3398 28484.1543 29414.4665 29414 4668
20 |Tauc V" strength 1444 4000 | 1131.5055 | 9329470 @ 9051089 | 848.5321 8485321
21 |Tauc' damping 35687000 | 3961.2588 | 3E70.E794 39123513 | 3803.7571 | 3803.7571
22 |Tauc ™' gap 21664.0000 219255809 22494 2168 22718.1895 22711.9492 22711.9492
23 |Tauc VI resonance frequency  36766.0000 36636.0075 355353320 374654258 37441.3345 374413045
24 |Tauc Wi strength B40.6500 | B03.1868 | 5824344 5445126 0 5793859 | 5793859
25 |Tauc W1 darmping 51692998 44260342 42030020 3268.0066 3254 8057 3254 8057
26 [Tauc W1 gap 20753.9004 23932 0605 241309277 235512069 24257 6250 24257 6260
27 |Tauc Il resonance frequency 390401016 335596367 38600.6914 39292 6320 39525.0859 39525.0859
28 |Tauc VIl strength 5583.3100 5087683 | 5889135  3E3.2008 379.7808 | 3797808
29 |Tauc Vi damping 26823000  3369.5930 | 36611416  2577.9028  3303.3755 | 3303.3755
30 |Tauc Vil gap 31620.9004 23886.3535 25145.0840 23396 4980 23814.8047 23814 8047
31 |Tauc Wl resonance frequency 49702.0000 54939.0742 53634.7695 50921.8047 51529.2773 51529.2773
32 |Tauc Wl strength 5673600 | 4768036 4854659 A07.7878 4832701 | 483.2701
33 |Tauc WII: darnping 97629004 37832356 30652429 27559873 25921309 25921309
34 |Tauc Vil gap 348208008 359407891 370484023 402363359 39954 35934 39954 3934
35 |db: real part 0.6650 0.4869 0.9420 0.58204 1.0933 1.0983
36
37 -
« | v [ Slave parameters A, Integral quartities /&, Ohject info A Sheef « | | v[ ]

Note that the sequence of parameters in the workbook and the slave parameter list must be exactly
the same. In order to import the lookup tables, place the workbook cursor in the cell B2 (as shown
abowe) and use the command Lookup table|Read all from workbook rows in the slave parameter
list. Finally delete all formulas in the slave parameter list:
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. Slave parameters
File Mew Edit Delete Update Color Lookopkable ?

BE + - LI

Value |Name |F|:unn1.1]a ad
58951904  Tanc Ik darmping
161963779 Tauc I: zap

[

3

4

5 (233761660 Tauc IT: resonance frequency
6 | 2061926  Tauc IT: strength

T | 66106620 Tauc IT: darmping

& (1973577441 Tane IT: gap

0 (264197480 Tane IIT: resonance frequency
10| 5817021  Tauc IIL: strength

11| 24530488  Tauc III: damping
12201502891 Taue IIL: gap
13200122344 Tanc IV resonance frequency
14| 15200061 Tauc IV: strength

15117154 AASH Tane T davawiner —

Sl d]

Now all slave parameters are computed using their lookup tables.

If the set of master parameter values for the lookup tables of all slave parameters are the same, you
can write the current lookup tables to one block in the workbook. The command is Lookup table|
Write all to workbook rows. You can then modify the relations in the workbook and re-import the
modified lookup tables as shown abowe.

4.2.3.4.4 Fit parameters

4.2.3.5

The fit parameters of master models are the 6 master parameters and, in addition, all those
susceptibility parameters which do not appear as slave parameters. Hence you can work with master
models the same way as with dielectric function models fitting 'normal' susceptibility parameters to
measured data. At any time you can introduce master and slave parameters and refine or simplify
your choice of parameters.

Interpolate n and k tables

4.2.3.5.1 Motivation

A rather simple version of a master model is a linear interpolation of tabulated values of n and k
values (real and imaginary part of the refractive index). Material objects of type 'Interpolate n and k
tables' are made to do this job. This section shows how to use objects of this type. A step-by-step
example will demonstrate how to get a ready-to-use object from scratch.

The example uses n and k data for different stats of WO3 found in literature (Rubin, Michael D.,
Klaus von Rottkay, Shi-Jie Wen, Nilgin Ozer, and Jonathan L. Slack, Solar Energy Materials and
Solar Cells 54, 1996, 49-57). The published pictures show graphs of the real part n and the imaginary
part k for various densities of injected charge:

E

El
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The goal is now to make these data available as a material object which delivers n and k values for
any value of the injected charge in the range O ... 68.

4.2.3.5.2 Data preparation

If you just have got graphs you have to use a digitizer to obtain digital numbers. | have used the Digit
tool that comes with our software packages. In order to import the data into the material object you

have 2 options:

= Generate separate data files for every charge value: In this case you have to produce files
which contain n vs. wavelength data and k vs. wavelength data. The file format must be
readable by our software - in the simplest case you create text files with a wawvelength column
and a column with n values (or k values, respectively). Such a file would look like this:

i

Datei

300,
202.
305.
207.
209.
311.
313
316.
318,
320.
322.
325.
327.
329.
331.
333.
336.
138,
340.
342,
344,

Mj n_0.xy - Editor

Bearbeiten

66449
870313
09418
20002
52383
73868
95352
16837
38321
50805
81290
0277

24255
45740
67224
88708
10193
31677
53159
74643
98127

Fod Pod P Pd Pod P Pd Pod P P Pod B Pl Pod B Bl Pod B Bl Pod B

Format

. 32290
. 51235
. 30180
.49730
49280
48830
48380
.47930
. 46595
45260
44205
.43150
41880
41035
. 40190
. 38790
. 37805
. 36820
. 35130
. 33860
. 33155

Ansicht

i

Y

I?“E“?‘

= You generate a complete table with all n values and a second table with all k values. The table
should have a wawelength column and for each charge value a column with n values. If you
prepare the table in Excel format you can import it into the workbook so that it looks like this:
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[ CODE Ci\live\CODE\start.wcd (===
File Presentation Update Objects Range Start Stop Fit parameterset  Actions Tools Snapshot  Last snapshot  Snapshot history
Mathod  Import Stat Eaport Workbook View Mens [
Current objects Workbook
Materials File ‘/orksheet Copy Paste  Clear  Mainwiew  Format  Select  Actions
Layer stacks
" 1.85695731639% |
Master parameters A B c D E E G I ol
Fit parameters 1 am 0 1 23 36 30 63 |
g eaenE 2 20601 2529 24882 24695 23809 22475 2358
Tyt 3 31823 24669 24014 2371 22733 2174 22190
Final mumbers 1 34043 23520 23101 22403 21692 21011 2.1058
o _ 5 362.66 22528 22212 21502 2.0936 20196 2.0197
Distributions - - -
| computations 6 384.88 21661 21534 20810 2.0166 1.9586 1.9395
e 7 407.10 2.1085 2.0830 20238 1.9632 1.9057 1.8853
ometers g 42032 20721 20505 19762 1917¢ 18636 13333
- s o) 451.53 2.0470 20174 1.9415 1.8817 1.8266 1.7954
TS 10 7373 20234 19888 19150 18512 17953 17627
Batch control 11 483.97 2.0069 1.9704 1.8914 1.8283 1.7720 1.7382
e board 12 518.19 1.9935 19532 1.8743 1.8061 1.7503 1.7154
-onstant database 13 54041 1.9809 1.9363 1.7863 1.7318 1.6983
QL database 14 362.62 19710 19245 1.8428 17724 1.7174 1.6839
zral quantities 15 384.84 19622 19127 1.8286 1.7633 1.7099 1.6724
PDF report 16 607.06 16351 19019 1.8200 17524 L7042 1.6663
17 62923 19474 1.8938 18111 1.7473 1.6982 16626
18 651.49 18415 1.8859 1.8030 1.7436 1.6970 1.6607
19 673.71 19364 1.8761 17978 1.7433 1.6987 1.6626
20 693.93 19319 18710 1.7943 1.7453 1.7017 1.6689
) | 718.15 19299 1.8677 1.7939 1.7521 1.7070 1.6758 ol
4 |_| 3
nik
Eeturn to main view

That was the hard part. We will now proceed and use these data to fill the new object.

4.2.3.5.3 Object preparation

Open the list of materials and generate a new object of type 'Interpolate n and k tables'. Open this

object and

e execute the menu command 'Master parameter / change name' and set the name of the parameter

to 'q' (for charge).

e execute the 'Range' command and set 200 points, covering the wavelength range 300 ... 2500 nm.
¢ Click on Tables / n' to open the following subwindow:
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s

P W03: ntables = =N E
File Range Mew andimport Showlist Update Autocolor Graphics Export  Clearlist Workbook 7 Test

U
B Setup B Left D(,Em Right  Forw. Backw. J— @ % D B

1.0

0.8 1

Data

0.6 -

0.4 1

0.2 1

1000 2000 3000 4000 5000
Wavelength

In this window we are going to collect the n data.

Importing data from single files

Use the command 'New and import' to read data from a file that has been generated as explained in
the last section. For text files with 2 columns (wavelength, n) use the import filter 'xy-format
(spreadsheet)'. After the file has been selected press 'a' on your keyboard for automatic scaling of

the graph:
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P W03: ntables = ==
File Range Mew andimport Showlist Update Autocolor Graphics Export  Clearlist Workbook 7 Test

oy [ . U
& Setup BE Let p,o, Right Forw Backw. @ % D E
| _— D NaEmse |
2.5 1
o 2.4
e
o
O 23
2.2 1
2.1 4
2.0 1
1.9 1
500 1000 1500 2000 2500
Wavelength
A click on 'Show list' opens the list of spectra:
IS List of spectra |E| |E”E|
File Update Import MNewandimport Autocolor Sort Parameters Setall spectral units Color Delete  Actions Delete all
-t ¥ B
Parameter Color  Line Type Active Name Filename Spectral Unit
1 1 active 100 name C:Firma Werbung Fonferenzen ICCG1 0 drift away'danm

Click on 'Actions/ Set filenames as spectrum names' - this replaces the noname name by the

filename without path. Repeat the data import for all files that you have:
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-

IS List of spectra

(== =]

File Update Import Mewandimport Autocolor Sort Parameters Set all spectral units  Color Delete  Actions Deleteall 7
-t ¥ E
Parameter Color  Line Type Active Name Filename Spectral Unit

1 0.00000006 1 active C:\FirmaWerbung Konfersnzen ICCG10'drift away\danm

2 0.0000000 5 1 active 0 J0xy C:'Firma Werbung Fonferenzen ICCG1 0 drift away'danm

3 0.00000004 1 active  n 36.xy C:'Firma ' Werbung Konferenzen'ICCG10'drift away'da nm

4 0.00000003 1 active 0 23xy C:'Firma Werbung Fonferenzen ICCG1 0 drift away'danm

5 1 0.00000002 1 active n_llxy C:'Firma ' Werbung Konferenzen'ICCG10'drift away'da nm

6 0.00000001 1 active 0 Oxy C:Firma Werbung K onferenzen ICCG10'drift away'danm

Now, finally, type in the parameter values that belong to the files into the first column (Parameter).
Click on Sort and verify that your table looks like this:

.

IS List of spectra |E| |E”E|
File Update Import Mewandimport Autocolor Sort Parameters Set all spectral units  Coler Delete  Actions Deleteall ?

i E

Parameter Color  Line Type Active Name Filename Spectral Unit

1 |0.0000000 1 1 active  n_Oxy C:'Firma' Werbung Konferenzen\ICCG10'drift away'danm

2 110000002 1 active 1 llxy C:Firma Werbung K onferenzen ICCG10'drift away'danm

3 23.0000003 1 active 0 23xy C:'Firma Werbung K onferenzen' ICCG1 0'drift away'danm

4 36.0000004 1 active  n 36.xy C:'Firma ' Werbung Konferenzen'ICCG10'drift away'da nm

3 3 1 active 0 J0xy C:'Firma Werbung Fonferenzen ICCG1 0 drift away'danm

1 active  n 68.xy C:'Firma ' Werbung Konferenzen'ICCG10'drift away'da nm

Close the n table and return to the new material object. Pressing 'a' for automatic scaling should lead
to a graph like this:
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[ CODE Ci\live\CODE\start.wcd (===
File Presentation Update Objects Range Start Stop Fit parameterset  Actions Tools Snapshot  Last snapshot  Snapshot history 7
Mathod  Import Stat Eaport Workbook View Mens [
Current objects W03
Materials File Master pararneter  Tables  Update  Range Irport  Export Graphics  Property  Workhook  ?
um - . n
B Bsewy B
Layer stacks
Spectra
Masters ) < WO3
Master parameters -
Fit parameters + 25
Fit parameter sets c )
Optical functions “>'<’
Final numbers )] 2 0 i
Distributions -E )
al computations 6
ectrometers = 1.5 4
°
Workbook ©
Ba ontrol "'q__) 1.0 4
ssage board o ’
nstant database
QL database 0 5 4
Integral quantities
PDF report

500 1000 1500 2000 2500
Wavelength [nm]

Raturn to main view ]

Repeat the steps described abowe for the k values which are collected in a similar object.Once you
have done that the final object is this:

-

[ CODE C:\live\CODE\start.wed [=2=]|=]
File Presentation Update Objects Range Start Stop Fit parameterset  Actions Tools Snapshet Last snapshot  Snapshot history 7
Msthod  Import Start Export Workbook View M [

Current objects WO3
Materials B

Master pararneter  Tables Update Range Import Export  Graphics  Properhy  Workbook 7

Zsewp [

= WO3
Master parameters x
Fit parameters _|__ 2 5 |
Fit parameter sets C )
Dptical functions bt
Final numbers 6 2 0 i
Distributions E .
computations a
2 1.5
Views t"
Wotkbook E
T 1.0
Message board o
constant database
QL database 05 i
Integral quantities
PDF report \
0.0 1

500 1000 1500 2000 2500
Wavelength [nm]

e ]

Now try if the object really interpolates values. Use the command 'Master parameter / set value' and
type in the number 40. Then press Update. The new data should look like this:
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[ CODE Ci\live\CODE\start.wcd (===
File Presentation Update Objects Range Start Stop Fit parameterset  Actions Tools Snapshot  Last snapshot  Snapshot history 7
Mathod  Import Stat Eaport Workbook View Mens [
Current objects WO3
Materials File Master pararneter  Tables  Update  Range Irport  Export Graphics  Property  Workhook  ?
. Bscup B
Layer stacks
Spectra o
Master parameters 'E Wo3
Fit parameters + i
Fit parameter sets c 2.5
Optical functions “>'<’
Final numbers )] 2 0 i
Distributions -E )
[«H]
2z 1.5
T
g
i~
o 1.0~
o
QL database 0 5 4
gral quantities
PDF report
0.0
T T T T T
500 1000 1500 2000 2500
Wavelength [nm]

Raturn to main view

We can now use this material object to deliver n and k values for the charge range O ... 68.

Importing data from workbook table

If you have a data table in Excel format already the import is much faster (because you did the
tedious work before). Open the workbook and select the top left corner of the data block you want to
import:

-

[ CODE C:\live\CODE\start.wed [=2=]|=]
File Presentation Update Objects Range Start Stop Fit parameterset  Actions Tools Snapshet Last snapshot  Snapshot history 7
Msthod  Import Start Export Workbook View M [
Current objects Workbook
Materials File Worksheet Copy Paste Clear Mainview Format Select  Actions
o |
yer stacks A B C D E F G H I I -
Spectra 1 0 1 bE] 36 30 68 )
R r S 2 20601 25220 24892 24605 13809 22473 23528
Fit parameters 3 313.23_ 2.4\?69 24214 2.357! 22733 21734 2.21‘%9
Fit parameter sets -} 34043 23 ?20 23101 2.2;_10) 2.1692 21011 2.1038
. - _ 5 362.66 22528 22212 2.1502 2.0036 2.0196 2.0197
Optical functions N - -
Final mumbers 6 33438 2.1661 21334 2.0810 2.0166 1.9386 1.9395
S — 7 407.10 2.1083 2 O?S? 20238 1.9632 1.9057 1.8855
8 42032 20721 2.0303 1.9762 19179 1.8636 1.8333
computations s 45153 20470 20174 19415 18817 18266 17954
10 473.73 20234 1.9338 1.9150 1.8512 1.7933 1.7627
11 40397 2.0069 19704 1.8914 1.8285 17720 1.7382
Workbook 12 51819 19935 19532 18743 1.8061 17503 17154
Batch control 13 34041 1.9809 1.9363 1.8570 1.7863 1.7318 1.6985
14 562.62 19710 1.9245 1.8428 17724 17174 1.6839
13 584.84 1.9622 19127 1.8286 1.7633 1.7099 1.6724
16 607.06 1.9551 1.9019 1.8200 17524 1.7042 1.6663
al quantities 17 62028 1.9474 1.8938 1.8111 1.7475 1.6992 1.6626
PDF report 13 651.49 1.9413 1.8859 1.8030 1.7456 1.6970 1.6607
19 67371 1.9364 1.8761 1.7978 1.7433 1.6987 1.6626
20 693.93 19319 1.8710 1.7945 1.7433 1.7017 1.6689
i | 718.135 1.9299 18677 1.7939 1.7521 1.7070 1.6758 2
4 |_| 3
njik

Raturn to main view

As described abowve, open the subwindow that will collect the n values:
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-

!WOB:ntables = Tem | ==
File Range Mew andimport Showlist Update Autocolor Graphics Export  Clearlist Workbook 7 Test

U
B Setup B Left D(,Em Right  Forw. Backw. J— @ % D B

2.5 1
2.4 4
2.3 1
2.2 -
2.1 4
2.0 1
1.9 1

Data

500 1000 1500 2000 2500
Wavelength

Execute the command 'Workbook / Import _ p1 p2 ... x y1 y2 ... downwards' and press 'a’ for
automatic scaling:
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-

P W03: ntables (= |[= |[=]
File Range Mew andimport Showlist Update Autocolor Graphics Export  Clearlist Workbook 7 Test
o B U
B Setup B Left D(,Em Right  Forw. Backw. @ % D =]
—_— 0.0
—_— 1.0
23.0
— 6.0
50.0
820
2.4 1
m
e
m
(]

221 "

2.0 - e

1.8 1

500 1000 1500 2000 2500
Wavelength

Very important: Click on 'Range' and set 'nm' as spectral unit in the following dialog:

-

Spectral range =
k irirnar 296.01 Unit
M awirniLim 249557 i M
Murnber of points g
oK. ] ’ Cancel ]

Then click on 'Show list' which opens the list of spectra. In this list, click on 'Set all spectral units'
and choose 'nm'. This action sets 'nm' as spectral unit for all spectra (see last column):
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IS List of spectra = [ =] E
File Update Import Mewandimport Autocolor Sort Parameters Set all spectral units  Color Delete  Actions Delete all
-t ¥ B
Parameter Color  Line Type Active Name Filename Spectral Unit
1 0.00000001 1 active  Column 1 am
2 11.0000002 1 active  Column 2 Column 2 am
3 123.0000003 1 active  Column 3 Column 3 nm
4 36.0000004 1 active  Column 4 Column 4 am
3 1 50.000000 5 1 active  Column 3 Column 3 nm
6 63.0000006 1 active  Column 6 Column & am

You can now close all subwindows and import the k data in the same way.

4.2.3.5.4 How to use the new object

4.2.3.6

You can now use the object for your computations. In the list of fit parameters there will be one
parameter named 'q’ only for this object. Select g and set the parameter range to 0 ... 68. Click on
'Slider to generate a moving slider window which lets you easily change the optical constants of the
object. You can fit the parameter q like any other model parameter.

Since you put a lot of effort in getting all the data into the new material object it is a good idea to

sawe the configuration that you used to generate the object. In addition, you should save the new
material to the database for future use.

Effective dielectric functions

4.2.3.6.1 Introduction

The optical properties of inhomogeneous materials can be described by so-called effective dielectric
functions if the wavelength of the probing radiation is much larger than the typical sizes of the
inhomogeneities of the system [Theiss 1994A, Theiss 1995B]. In this case retardation effects can be
neglected and the response of the mixed material to an incoming electromagnetic wave can be
calculated in a quasi-static approximation, i.e. one has to answer the question which volume
averaged polarization will exist in the sample in response to an applied static electric field.
Macroscopically the inhomogeneities cannot be seen (there is no light scattering in the long
wavwelength limit) and the system can be treated then as being quasi-homogeneous. An effective
dielectric function geff can be introduced which is an non-trivial average of the dielectric functions of
the individual components.

For the case of a two-phase composite the situation is shown below:
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Twi phase composite Effective medm

-r:_p @2 =
Yt

Obviously the microgeometry plays an important role for the effective dielectric function: if, for
example, the embedded particles are metallic and the host material is an insulator the effective
medium can show metallic or insulating behaviour, depending on wether there is a percolating
network of the embedded particles or not. But also other properties of the topology may influence the
effective dielectric function significantly.

Several very simple 'mixing formulas' have been established, the most prominent being the ones of
Maxwell Garnett [Maxwell Garnett 1903A] and Bruggeman [Bruggeman 1935A], both being
implemented in SCOUT. The model due to Looyenga [Looyenga] has been added also since it
leads for some typical microstructures to good results. All these simple effective medium concepts
use just one parameter to characterize the microgeometry, namely the volume fraction f of the
embedded particles. Due to this simplication in many cases quite wrong results are the
consequence. The most general concept due to Bergman [Bergman 1978A][Theiss 1994A] holds in
any case (as long as the electrostatic approximation is valid) and is therefore included in SCOUT
with best recommendations from the author.

Wi ke faction £ = wobme of embedded particles Stotal wohme

All effective dielectric function objects need to point to two dielectric functions, namely those of the
host material and the embedded particles. The assignments are usually done using drag&drop
operations like in the assignment of dielectric functions to layers in layer stacks. To do so, you have
to open both the dielectric function list and the parameter window of the effective dielectric function.
In case of a 'Bruggeman object' this looks like the following:

9% Bruggeman effective medium formula

Wolume fraction f: I'J‘IT D A& G Brugzeman : Berechnung

I atrix material ; (1- £} Fm T Feff + Fp " Fefl " verschiedener physikalischer

Wacuum £ V25,7 £n + 2247 Eonstanten von heterogenen Systemen.
Particle material : Ann. Phys 24, 636, (1935).

Ag [JC]

Start the drag operation by pointing on the wanted material in the dielectric function list, press the
left mouse button and keep it down while you move the mouse cursor to the effective medium
parameter window. If the material is going to be the matrix material place the cursor in the white
rectange below the text 'Matrix material' and release the mouse button. In the case shown above
vacuum was selected as matrix material. In an analogous way, drag and drop the particle material to
the white area under the text 'Particle material'.

4.2.3.6.2 Maxw ell Garnett

The Maxwell Garnett formula [Maxwell Garnett 1903] is the following:

Eqﬂ"_

Eh E— &y
B, +25M 5+35M
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It is applicable to systems of low volume fractions of the embedded particles which must also be far
away from each other.

4.2.3.6.3 Bruggeman

The Bruggeman theory (also known as 'EMA' for effective medium approximation) gives the relation

(- f) M+353ﬁ" f5+25 =0

and is probably the most often used effective medium concept. For very low volume fractions it is
equivalent to the Maxwell Garnett theory, but for increasing volume fraction its results are quite
different. Below f=1/3 there is no percolation, above that threshold the embedded particles are
assumed to be partially connected.

4.2.3.6.4 Looyenga

The Looyenga formula

= f (- e

which is quite unknown is included in SCOUT since it has some features being useful for certain
cases. For any wolume fraction the expression implies a percolation! This means one can try to use
it for very loosely packed systems which have nevertheless a connected network of the particles,
e.g. metal blacks.

4.2.3.6.5 Bergman representation

The so-called Bergman representation of effective dielectric functions is the most general form
of effective medium approaches:

£ (L f|4‘ﬂdﬂ) with = ¥

Epp — &

The function g(n,f) is called spectral density and holds all topological details of the microgeometry. It

is a real, non-negative function, normalized in the interval [0,1] for n. In the case of isotropy there is

also a condition for the first moment of the spectral density:
1

\gtn, fidn=1 and [ngn fdn= %
0 i

Any microgeometry is represented by a certain spectral density. However, in general it cannot be
computed exactly for real systems since the topology is too complicated (and in most cases not
even known).

To gain some insight into the relation of spectral density and microtopology some research projects
in the past had the goal to fit theoretical optical spectra (of systems with known optical constants of
the matrix and particle materials) to experimental ones by adjusting g(n,f). This way a lot of
experience has been achieved being useful in the treatment of new two-phase composites.

In many cases an important property of the microgeometry is the 'degree of connectivity' of the
embedded particles which usually is called percolation strength. Especially metal-insulator
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composites can switch from metallic to dielectric behaviour when the percolation strength is reduced.
It can be shown that this feature shows up in the function g(n,f) as a &function at n=0. Therefore, a
separation of this diverging term from the continuous part of the spectral density is useful:

g, =gl ) 00+ 8ume (11, 1)

The factor gO(f) is called percolation strength.

Implementation

The two parameters volume fraction f and percolation strength g0(f) are specified in the Parameters
dialog of Bergman representation objects in SCOUT. Then, to adjust spectral densities to fit
experimental data, one has to parameterize the shape of the spectral density in a suitable way. We
have chosen to do that in SCOUT by a set of definition points. Each point is defined by a value of n
and a corresponding g(n) value. You can use an arbitrary number of definition points. The position of
the points can be set 'graphically’, i.e. by the mouse.

The shape of the spectral density is then obtained by cubic spline interpolation through the definition
points. Usually, any user-defined shape (drawn visually with the mouse) will violate the restrictions
mentioned above (normalization, coupling of the first moment of the spectral density to the volume
fraction). Therefore, SCOUT adds a smooth peak to the user-defined curve to ensure the proper value
of the 1st moment. This is followed by an automatic rescaling which normalizes the spectral
density.

The Points submenu contains some commands to control the definition points. Add points brings
up a mode where a mouse click creates a new definition point at the mouse cursor position. After the
Move points command you can catch an already existing point with the cursor and drag it to a new
position. If the Continuous update option is selected the spectral density shape is updated with
each mouse movwe. If the option is switched off, the spectral density is updated when the mouse
button is released at the final position of the definition point. Clicking at points after Delete points
deletes the points. Delete all points deletes all points and starts with three new definition points at
default positions.

A typical situation is this:

Spectral Denstty

|:| T T T T T T T T T
oo o1 02 03 04 05 06 07 08 0.9

11

Here the user-defined curve had too much weight on the right side, hence SCOUT added the peak to
the left. If you move down the point at n=0.72 you reduce the weight on the right side and the peak
on the left side is not needed any more:
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Spectral Denstty
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Note the re-scaling of the height of the definition points. If you reduce the height of that point further
on, SCOUT has to add something on the right side to achieve the correct value of the 1st moment:

mpectral Density
4
33
5D
5
1 4
[:I T T T T T T T T T
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424 Database connection

The material list of SCOUT can exchange objects with the database. The Database menu command
opens a window showing the records in the database. At program start SCOUT loads the default
database that was created during setup (located in the chosen program directory). In the Options
submenu of SCOUT you can connect to a database of your choice. The path to the active database

is indicated in the upper right corner of the database window.
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The exchange of material objects is done quite easy with drag and drop operations.

From the database to SCOUT

To export a material from the database to the SCOUT material list, select the corresponding record
in the database table and start a drag&drop operation (i.e. press the left mouse button). Then move
(while the left mouse button is pressed) the cursor to the material list and release the mouse button,
i.e. drop the material object there.

From SCOUT to the database

Start the drag operation at the desired row of the SCOUT material list and mowve the cursor with
pressed left mouse button to the record table of the database window. Release the mouse button

(i.e. drop the material). If the database already contains a record with the name of your material you
will get an error message. In this case, rename your material and try to mowe it to the databasa
again.

If the material has been added to the database you are asked for your name (you will be the author of
this database record) and a comment that describes the material. If you have specified a user in the
Options submenu SCOUT will use this name and fill it into the appropriate database record
automatically.

4.3 Layer stacks
43.1 Introduction

The list of layer stacks is opened by a right-click of the corresponding treeview item (Layer stacks).
In most cases you will investigate one layer stack only, but SCOUT lets you work with an unlimited
number of stacks if you want to. In the list of layer stacks you can create, edit and delete layer
stacks. To change a layer stack, select in the list of layer stacks and open its window by the Edit
command or a right click with the mouse.

You can open the first layer stack in the list of layer stacks from the main window of SCOUT using
the command Actions|Open first layer stack. This is the shortest way to the layer stack definition.
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If a layer stack is displayed in a view you can open the layer stack definition window by holding the
Ctrl key down while you click on the hotspot of the view element.

Layer stacks in SCOUT are defined in a list beginning with the top halfspace of the stack and ending
with the bottom halfspace. In between an almost arbitrary sequence of thick layers or thin films can
be defined. The light beam is incident on the layer stack from the top halfspace. Hence in most
cases the top halfspace should be vacuum (or air) as is the case in almost all experiments (except
ATR, see below). An example of a simple layer stack definition is this:

3 Layer stack

File Edit Delete Check Manipulate Update lists Fluckuation 7

+ [Thin filw 8- 4+ =]

|Th1c:kness |Vanauon |Superpos

The current layer stack definition is shown in the center of the window. On the left side you have
access to pre-defined layer stacks, on the right side the available materials to be used in the
individual layers are given. The assignment of materials is discussed below.

In order to add new layers you can select the type of the new layer in the dropdown box given in the
top of the window (where Thin film' is selected). Pressing the '+' button will insert a new layer of the
indicated type abowve the currently selected layer. Use the - button to delete the selected layer.

An alternative way to add new layers to the stack is the following: Open in the treeview on the left
side the node 'New single layers' by pressing the '+'-sign to the left of it. You will get a list of all
available new layer types:

3 Layer stack
File Edit Delete Check Manipulate Update lists  Fluctuation  ?
+ |Thin film ~I8H- 44

|Thickness | Variatin

10.0 nra
3000 rn

|

Just drag&drop the layer type to the wanted position in the stack and a new layer of this type is
created.
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The individual layer types that may occur in a layer stack are discussed below:
Halfspace

Simple layer

Thin film

Thick layer

Variable thickness
Rough interface

Begin superlattice
End superlattice
Concentration gradient
Anisotropic layer
Included layer stack

Useful commands

Use the command Manipulate|Flip part of layer stack to reverse the order of layers. You are
asked to type in the top and the bottom layer of the section to be reversed. Type in the number of the
layers that is assigned on the left side, e.g. 2 for the top layer and 3 for the bottom layer if you want
to switch 'oxide-air mix' and 'My oxide' in the example given abowe. The situation afterwards is this:

5| Layer stack

File Edit Delete Check Manipulate Update lisks 7

+ | Thin filra 8- 3
+ Substrates Type | Material | Thickness  |Variatin
+ Stacks in this confizuration | | |Halfspace Alr
+ Coatings iThin filrn Iy Chade 300.0 nra
+ New single layers | 3 | Thin film oxdde - air mix 10.0 nem
4 | Thick layer Grafis (Azpnes, Bhat) 0.300 roon
5] Halfspace 1

v, Workbook

File Copy Paste Clear Graph Autosize cells  Test
Lg | |
A | B | C | D | E [ ¢ |-
1  |Layer stack 05.11.2004 16:02:12 1
2
3 Type Material Thickness “ariation Superposition
4 1 Halfspace Air
3 2 Thin film  oxide - air mix 10.0 nm
b 3 Thin film My Oxide 300.0 nirn
7 4 Thick layer Gafs (Aspnes, Bhat) 0.300 rrn
8 3 Halfspace | Air
9 -
< | v % Layer stack A Ohject info A Sheetl T4] | v ]

In the workbook you can Copy text fractions and paste them into your word processor.

Check
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43.2
4.3.21

4.3.2.2

Use this command to check the validity of the current layer stack definition. In a situation like the
following

3| Layer stack @@[X|
File Edit Delete Check Manipulate Update lists #
+ [Thin il |- d E
- Mew single layers A Trype |Material |Thickness |Variation |Superposi
Thin fil 1 |Halfspace Afr
Thick layer | 2 | Thin fil oxide - air mix 100 nm
Simple layer 3 | Thin film Ily Oxide 300.0 nra
EY Pegin superlattice Repeat 1 tirnes
Rough interface i Thick lawer Gats (Aspnes, Bhat) 0.300 rore
Thickness averaging | 6 [Halfspace Ajr
Wariahle thickness
Begin supetlattice _
End superlattice o8 |4l E

you will get the error message

SCOUT X

Beqin supetlattice occured in ilegal position!

which reminds you that something is wrong with the 'Begin superlattice' layer (The 'End superlattice'
is missing).

Layer types

Halfspace

As mentioned above the stack of layers is enclosed in between two semi-infinite 'halfspaces'. Every
correctly defined layer stack must have exactly two halfspace layers, namely the top and the bottom
halfspace. The only thing to be done with halfspace layers is to assign a material to it.

Simple layer

Simple layers are used in most cases to represent a thick or thin layer of a material in the stack.
Simple layers have a thickness (always specified in microns) and you must assign a material to it.
In addition, you can choose between two modes of handling the contributions from multiply reflected
partial waves, as discussed below.

Some considerations about wave propagation through layer stacks are discussed in [Harbecke
1986A], in particular the superposition of partial waves. In the case of thin layers, the partial waves
reflected at the top interface and those that travel through the layer and are reflected back at the
bottom interface must be superimposed to the total reflected wave by summing up their amplitudes,
taking into account the phase. This may lead to constructive or destructive interference, depending
on the wawelength of light. This kind of superposition is called ‘coherent’. The interference fringes
observed in reflection or transmission spectra get very narrow if the thickness of the layer becomes
larger and larger.

Eventually the narrow structures are not resolved experimentally due to the limited resolution of
spectrometers, or due to thickness inhomogeneities over the investigated sample spot which may
lead to a cancellation of the interference structures. In these cases the measured spectra are quite
smooth as the red one shown below, whereas the simulated blue spectrum shows interference
fringes. As can be seen the sharp structures are not resolved completely in the simulation, either.
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0.0 T T T T
10000 20000 30000 40000 50000
Wavenumber [ 1/cm]
Measured transmission spectrum (red) of an ITO layer (90 nm) on top of a
glass substrate (990 micron thickness). The blue curve shows a
computed spectrum with coherent superposition of partial waves for the
glass layer.

Instead of doing the tedious task to compute a lot of spectra for various thicknesses and take the
average to remove the interference fringes in the simulation one can follow a shortcut and drop the
phase terms in the superposition of the partial waves, as suggested in [Harbecke 1986A]. This is
called the incoherent superposition which leads to multiple reflection, but no multiple interference
effects. As shown below the agreement between computed and measured spectra can be excellent if
the layer thickness is really much larger than the wawelength of light:

0. 0 T T T T
10000 20000 30000 40000 50000
Wavenumber [ 1/cm]

Same as above, but now with incoherent superposition of partial waves
for the glass layer.

To switch between coherent and incoherent superposition mode for a layer, select the cell labeled
‘coherent' or 'incoherent' in the layer stack list and press the function key F4 or F5. This will change

from coherent to incoherent treatment or the other way round.

Warning: if you choose incoherent superposition for thin layers your computed spectrum

will be wrong!
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4.3.2.3

4.3.2.4

4.3.2.5

Thin film

Layers of this type are very similar to simple layers. Their thickness is always specified in
nanometers, and the treatment of partial waves is fixed to coherent.

Thick layer

Layers of this type are very similar to simple layers. Their thickness is always specified in
millimeters, and the treatment of partial waves is fixed to incoherent.

Variable thickness

This layer type was introduced for cases where the thickness of one layer in the stack is not
homogeneous owver the investigated sample spot, but varies due to some lateral gradient.

The algorithm used to compute the spectra is described in [Theiss 1997A]. It involves the Fourier
transform of the layer thickness distribution function.

In the layer stack list objects of this type appear as follows:

= Standard =10 x|

File Edit Delete Check Manipulate Update database 7

+ [Varishle thickness MEIEIE W E |

Trpe IM&teﬁal ITI’dckness I?a:riation ISuperpu:usit:iJ:un I
1 |Halfspace Warmm
2 |Vanble thickress  Untversal oxade 10,0000 1.0000  Coherent 2
3 |Halfspace 51 {erystalline, MIB-VTY)
* >l

Unrversal oxade with smrface roughness 51 weafer (HIE-Vis-TTV) |

Universal oxide with surface roughness | [5i wafer (MIR-Vis- UV} |

Three parameters are to be set to define a layer of variable thickness. The average thickness, the
thickness 'variation' and a third one which is an integer specifying the type of thickness distribution
function. Whereas the first two parameters (thickness and variation specified in microns) appear as
adjustable fit parameters, the latter is just a user-defined constant. In the dialog shown above type 2
has been chosen.

The following distribution functions are defined at present:

Distribution function type 1:
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For a single 10 um thick layer of a material with refractive index 1.5 one gets the following reflectance

spectra:

Variation 0.1 um:
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Variation 1.0 pm:
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What can be observed here is the transition from the coherent superposition of the partially reflected
waves (from the front and end interface of the layer) at low wavenumbers to the incoherent
superposition (no interference fringes) at high wavenumbers.

Warning: Layers of this type should not be combined with layers of type thick layer or
simple layers with incoherent superposition!

4.3.2.6 Thickness averaging

This type is almost identical to the layer type Variable thickness. The only difference: Thicknesses
are specified in nm instead of microns.

4.3.2.7 Rough interface

Since many people asked for a convenient description of scattering losses due to interface
roughness we have developed a special layer type which may help in many cases.

To demonstrate the application of this feature we consider a simple interface between vacuum and
silicon in the Vis/UV region. The reflectance (10° angle of incidence) is the following:
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To introduce roughness losses a layer of the new type 'Rough interface' is inserted between the
vacuum and the silicon halfspace:

Of Layer stack _ (O]

File Mew Edt Delete Check 7
L W FLonigh interface & ¥ B |

Type Superposition |Thickness  |Wariation  |Tlaterial
1 |Halfzpace Warmrn
2 1.0000
3 |Halfspace Silicon

To get access to all the layer parameters you have to expand the window a little:

O# Layer stack =] E3
File Mew Edit Delete Check 7
+ [Fough interface MEEE X B |
Tme Superposition |Thickness Warlation Ivlaterial
Waruum
1.0000 10000 |10
Silizon

i

The most important parameter is given in the 8th column ('1.0' is the default). Here you can define a
function which determines a frequency-dependent correction factor which multiplies both the
amplitude reflection and transmission coefficient of the interface. Click on the '1.0" and type a 0.5
instead. Now you have (after a re-calculation) the following spectrum:
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The amplitude reflection coefficients are multiplied by 0.5 which means that the intensity is now one

Of course, you may want to define a frequency dependent correction since scattering losses
typically are more pronounced for small wavelength than for large ones. You can do so. The
wavenumber can be introduced into the formula as the variable X as shown below:

08 Layer stack

File Mew Edit Delete Check

Mk

IS [=] E3

+ IRJ:uugh interface
Superposition |Thickness  |Varation  |Mlaterial
1 Vacmirm
2 1.0000
3 Silicon
Kl i

[

Now for low frequencies the correction factor is close to one and for high frequencies it gets larger:
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Here the blue curve is the new spectrum including scattering losses whereas the red one shows the

original spectrum without interface roughness for comparison.
As you can see you can be quite creative and implement all kinds of scattering loss corrections

specifying the corresponding 'loss function'.
In order to increase your flexibility even more the 6th and 7th column of an interface roughness layer

specify two possible fit parameters that you can use in the formula. As shown in the following
example you can refer to the two parameters as C1 and C2, respectively:

OH Laver stack
File Mew Edit Delete Check

+ IRJ:uughmterf'aJ:e

~I8- 44

=100 ]

[

Superposition |Thickness  |Varation  |Mlaterial
1 Wacunrm
2 1.0000 | Z00000.00
3 Silicon
Kl

il

Of course, the given formula gives the same correction factor as before, but now you could fit the C1

and C2 values to experimental data.

Here is an example: setting C1=0.8 and C2=100000 and loading the previous spectrum (that was
created using the explicit formula 1/(1+X/500000) ) as a 'measured spectrum’ the following situation

is created:
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4.3.2.8

o0

Reflgctance
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Declare the two roughness parameters as fit parameters and start the downhill method. After a short
while the original values are recovered by the fit:

08 Fit parameters
File Mew Edt Delete LUpdate Slder 7

+ - ¥ B
Marme Wariation |Lowr Lirait

Layer no. 0 Foughness pararaeter C1 ] 0.0000
Layer no. 0: Roughness parameter ©2 ] 0.0000

We hope that this explanation of the interface roughness layer type is clear enough and that two
adjustable parameters in a scattering loss model turn out to be sufficient.

Current limitations
e interface roughness layers cannot be used in connection with anisotropic layers.

A 'real world' application example of a roughness correction is discussed in [Valk 1998A].

Superlattice

You can repeat parts of layer stacks by enclosing the layers between 'Begin superlattice' and 'End
superlattice' lines. These lines are no real layers but indicate that the enclosed layers are repeated
as often as stated in the 'Begin superlattice' line. Here is an example:
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4.3.2.9

=
File Edit Delete Check Manipulate Update database 7
+ [T fi IN- 44 0 |
Ilaterial ITh.iJ:kness Iva:riatinn ISuperp-:usitiJ:-n I
1 H ] Wacmirn
2 |_Begin superlattice Repeat 10 tirnes
3 | Thin filin 5102 (WIR-VIIV) 100.0 nxa
4 | Thin filin TiD2 T {Tellison) 2000 rxn
5 |_End superlattice
6 [Thick lasrer (Flags (racroscope slide), Wiz 1.000 rrom
T [Halfspace Warmirn
* o
Supetlattice (5102-TiC12) f Dlicroscope slide (1 roa)
Supetlattice (Si02-Ti0Z) = | [Microscope slide (1 rara) |

Concentration gradient

This type of layer has been introduced for the description of gradually changing composition in a part
of the layer stack. A 'concentration gradient layer' must use an effective dielectric function for which
the first fit parameter is the volume fraction. It is recommended that you use one of those effective
medium theories that have as their only parameter the volume fraction, such as the Maxwell Garnett,
Bruggeman or Looyenga formulas.

Like simple layers concentration gradient layers have a thickness and a dielectric function (once
again: this must be an effective dielectric function). Howewer, the layer will be divided into a set of
sublayers (whose number can be specified by the user). All sublayers have the same thickness (the
total layer thickness divided by the number of sublayers). Each sublayer can hawe its own value of
the wolume fraction which is defined by a user-defined formula.

The graph of the user-defined formula is displayed in a subwindow of the object. It can be displayed
in the main view as well: Just drag&drop the concentration gradient layer from the treeview into the
view element list.

The number of sublayers of a concentration gradient appears as fit parameter. This makes it easy to
find out how many sublayers are sufficient for reasonable computations.

Simple example
The application of concentration gradient layers is demonstrated using the following example. We

consider a reflectance spectrum in the visible spectra range. The layer stack is a concentration
gradient layer on top of a silver halfspace. The light enters from vacuum. The concentration gradient
uses a Bruggeman effective medium with Ag particles embedded in vacuum. The dielectric function
of silver is taken from the dielectric function database (Ag(JC)).

The layer stack is this:
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0% Laver stack [_ O]

File Mew Edt Delete Check ?

By By & |siple layer R S

Type Superposition | Thickness WVariation Llaterial

1 |Halfzpace Warirn
0.0100 Lz in alr 3

AT

i

Note the number three in the 7th column of the concentration gradient layer: This is the number of
sublayers to be used for dividing the total thickness which is 10 nm in this case. With a right mouse
click or the menu command Edit you can open a window which shows the volume fraction profile:

Of Gradient definition
File Import Ewxport Range Parameters Update  Graphics

2

Byseup B2 VAR

Concentration profile

._.
frm]

WVolume fraction
= =
[=29 (=]

04 4

00 02 04 06 0z
Total layer

1.0

In the example a linear profile is defined with the simple formula 'X. At the top of the layer (the left
side of the graph) the silver volume fraction is 0 and at the bottom solid silver (volume fraction 1.0) is

reached.

The reflectance spectrum (normal incidence of light, blue curve) is not very different from that of a

sharp vacuum-air interface (red curve):
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Note that you should sample the total thickness into sublayers whose optical thickness is much
less than the wawelength of light. Otherwise you will see features in the spectra caused by the steps
in the profile. If we increase the total thickness to 100 nm 3 sublayers are not sufficient. The following
picture compares the computed spectrum with 3 sublayers (red curve) to that with 10 (blue):

0. O T T T T T
300 400 500 600 700 800 900
Wavelength [nm]

The difference between 10 (in red) and 20 sublayers (blue) is not very large:
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Hence 20 sublayers seem to be sufficient for this case. Going from 20 (red) to 30 (blue) doesn't
change the spectrum any more:

O. O T T T T T
300 400 500 600 700 &0 90
Wavelength [nm]

Of course, you can define more advanced profiles with the flexible choices of user-defined formulas.
A smoother profile than the linear one is defined by the formula SQR(0.5-0.5*COS(PI*X)), for

example:
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This leads to the following spectrum (red: linear profile, blue: smooth profile):

O. O T T T T T
300 400 500 600 700 800 900
Wavelength [

This example is closed with an interesting spectrum of the smooth profile for a thickness of 500 nm
(blue curve) which leads to a very low reflectivity (for comparison the 100 nm spectrum is repeated

here in red):
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Noble metal/air-composites with low volume fractions are called 'blacks' for obvious reasons!

Advanced example

Now we show some more features of concentration gradient layers using an example of silicon oxide
layers of various oxygen concentration on a 1 mm thick glass plate. The example makes use of two
database entries, namely those of SiO and SiO2. A concentration gradient layer on the glass
substrate is used with a mixture of SiO particles embedded in an SiO2 matrix. The SiO volume
fraction is modeled by the formula C2-C2*COS(2*PI*C1*X) which produces profiles like the following

(for C1=10 and C2=0.25):

Concerntration profile
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The periodical repetition leads to constructive superposition of partially reflected waves producing
pronounced interference maxima:

© 2019 Wolfgang Theiss



SCOUT technical manual The optical model 106

0. 0 T T T T T
30 40 500 60 00 80 90
Wavelength [nm]

You can use the six constants C1, ..., C6 in the formula. Together with the total layer thickness
these constants appear as fit parameters. You can set these constants and their names in the
dialog that you open with the Parameters command in the Gradient definition window:

Gradient parameters |

Walues M ares

C1 IF'eriu:u:Is

Lz | 0250000 | Coefiicient

C3 | o.oooooo [Noname

C4 | 0000000 [Moname

L5 [ 0nooooo [Moname

CE | 0000000 [Moname
QK Cancel

Hence you can select each of the constants as fit parameters and use sliders to learn how profile
changes influence your optical spectra. If you have a fast PC and a large screen SCOUT can be a
very powerful tool for intuitive thin film design!

4.3.2.10 Anisotropic layer

Optically anisotropic layers may occur in the layer stack. They are handled using the wave
propagation method described in [Parikh 1992A]. However, compared to simple layers, there are
some severe limitations due to the more complex algorithm to be used in this case.

First of all, up to now SCOUT supports a special case of anisotropy only, namely uniaxial layers
where the dielectric function in the direction of the layer stack normal (called the z-direction in this
section) may be different from the dielectric function in the plane of the layer stacks, called the x-y-
plane. You can use as many of such layers in the stack as you like.
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4.3.2.11

Another limitation in combination with anisotropic layers is the following: You can have only one thick
layer in the stack for which you want to switch off the narrow interference patterns (e.g. a thick, but
transparent substrate). As discussed above for simple layers, this can be done setting the
incoherent option for the superposition of partial waves. If you use incoherent superposition for one of
the layers in the stack, and there are anisotropic layers defined, SCOUT will do the following:
Lacking an elegant and fast way of averaging out the narrow interference features SCOUT does it the
tedious and stupid way, namely by computing several spectra (at present: 20) with slightly varying
thickness of the thick layer. The average of these spectra is then taken as the result of the
computation and displayed on the screen. Obviously, the computational times will be large since
many spectra have to be computed, and it may occur that the averaging is not complete and there
remain some 'interference artefacts' in the spectrum. To identify these artefacts it is recommended to
repeat the computation for a slightly different thickness of the thick layer and compare the results.

Uniaxial anisotropic layers require the definition of two different dielectric functions for the z-direction
and the x-y-plane, respectively. For this reason, there is no entry in the 'material’ column of the layer
stack definition. Instead, the text 'See parameters' reminds you that you have to do the assignment

differently here. Use the Edit command (or a click with the right mouse button) to open the following
dialog which is used to do the dielectric function assignment:

= Anizotropic Data H=] E3
DF [, v none
DF [z]: none

To replace the 'none' assignments you have to drag the wanted materials from the list of dielectric
functions to the 'none' text and drop them there. Afterwards the dialog may look like this:

= Anizotropic Data _ (O <]

DF [, v Maolecules [x-y]

DF [z]: Maolecules [z]

This example is taken from the second SCOUT tutorial where you can learn how to determine
molecular orientation angles from infrared spectra using anisotropic layers.

Included layer stack

You can include in a layer stack definition another layer stack. This is useful if you investigate a thin
film coating deposited on different substrates, for example. In this case, you should define the
coating in a layer stack definition of its own and include it as a block into the layer stack definitions
for the individual substrates.

Here is an example: Suppose you want to analyze spectra of a thin film system deposited on a
microscope slide and a silicon wafer. You have to create three layer stacks in the layer stack list:
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. Layer stacks
Mew Edit Delete Update Color

+H - + ¥ E

Mame

Test layer
Test layrer on Si-wafker
3 Trt lazrer on roicroscope slide

Open the object Test layer' and define the thin film system between two vacuum halfspaces. Do not
use any substrate here:

Fil= Edit

. Test layer

B EY + |Thinfin 8- 44 [

B=1E3

Delete  Check Manipulate  Update database  *

Trpe

|I‘-.-'Iateriﬂl |T1’d1:kness |?a:riati1:un |Superpu:usii

1 [Halfspace Wammm

S0 (MIR-YUV) 14.2 nm

WYarmirn
»
Superlattice (5102-TiOD) CGaks wafer (FIE)
Superlattice (Si02-Ti02) v | |Caks wafer (FIR)

You can use any kind of layers with the exception that the last layer above the bottom halfspace
must not be a rough interface. As mentioned abowe, this layer stack will be included into the
others (see below) without the top and bottom halfspaces - hence it does not matter which materials
you assign to the halfspaces in this list.

Now open the layer stack 'Test layer on Si-wafer' and define the Si-wafer substrate (it's a single side
polished wafer with a rough backside in this example) as follows:
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. Test layer on Si-wafer
File Edit Delete Check Manipulate Update database
# |Thin film MEEE R,

Type | BTaterial | Thickness  |Variation

¢

Halfspare Warmrm
Thar filim 5102 (MIR-VUY) 20

1
2
3
|

Superlattice {Si02-TiOZ)

Superlattice (Si02-TiO2) v | |3t wafer (MIR-Vis- V)

The test layer is now inserted as an included layer stack by drag&drop. Keep the layer stack Test
layer on Si-wafer' open and open the list of layer stacks as well. Take the object Test layer' in the
layer stack list with the mouse and drag it abowe layer 2 in the Si-wafer layer stack (i.e. 2 nm SiO2
layer) as shown below:

o
5 : 3 Test layer on Si-wafer. _
3 & Layer stacks E File Edit Delete Check Manipulate Update database ?
Mew Edit Delete Update Color E + ITh.i.n film j $ - + * |
+ 8 - + ¥ E Type [iaterial [Thickness  [Variation
Harne 1 |[Halfspare Vacuurm

|1 [Test layer : i Si02 (MIE-VUT) 2.0 nae
3 Tet e o mitoscop 3 I N R

5 |Halfsparce Vacuwrn L‘Z

T o =0 e T 1]

Drop it there and watch the update of the layer stack definition:
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. Test layer on Si-wafer

File Edit Delete Check Manipulate Update database 7

BBy + [Tinfin EETER.

Type |Material |Thickness  [Vaniation |
Halfsparce Warmim

Included layer stack

102 (WIR-VTUV)
31 (cryrstalline, WIR-VTIY)

Superlattice (Si02-Ti02) 51 wafer (MR

|Superlatti::e (5i02-Ti02) j |Si wafer (HIR-Vis- 1TV}

Do the same for the layer stack with the microscope slide substrate:

. Test layer on microscope slide
File Edit Delete Check Manipulate Update database 7

B EY 4 |Thinfim ~N- ¢ ¥

Iaterial |Thickness  |Vaniation  |Sup
Varuum
Test lasyer
Flass (microscope slide), Vis 1.000 roam
Varuum
2
Supetlattice (5102-TiC2) Gata wrafer (FI

Superlattice (Si02-Ti02) j |Gazas wafer (FIR)

You can now use the layer stacks with the two substrates to compute optical spectra. The following
example shows the computation of R and T for the microscope slide substrate and R for the Si-wafer
substrate. If you change the thickness of one of the layers in the Test layer' stack it is automatically
changed in all layer stacks which contain the Test layer' stack as included layer stack:
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3. SCOUT C:\delphi_theiss\scout_98\test.sc2
File Update Objects Range Start Skop  Fit parameter sek  Actions  Tools 7

K|

_| i | T _|

Merm E

o -

Method Import Start Export  Workbook  View
Glass substrate Glass substrate 51 substrate
1.0 1.0 1.0
L
w Q w
203 Zos V. 203
[ E |5
w06 8o 06
£l = / o=
0.4 0.4 j 04 Jn
0.2 v\/ 0.2 J 02 AV U/\ /\ /
0.0 n.a IR 1} T
200 400 600 g00 200 400 a0 00 1000 200 40a 600 00 1000
Wawvelength [nm] Wavelength [nm] Wavelength [nm)
Thickness [tun]
0o 366.3 1ooo.o
Vaomum
Tniversal oxide
Vammrn 366.5 nm
TUniversal ocide 102 (MIE-VIIV)
3663 nm Wampum 14 2 rum
5102 (MIE-VIIY) Universal oxide Tniversal oxide
142 nm 368.3 nm 1234 nm
Universal oxide 502 (MIR-VUY) 8302 (MIE-VIT%)
1234 nm 142 rnm 20 nm
Glass (microscope slide), Vis Urniversal oxide Si (erystalline, MIE-VUY)
1.000 nun 125.4 nm 0.300 nun
Vammum Vammm Vaomum
Selected graph: R A E Kl e v Mo sample IR Deviation: 05382136 Rejected

Note that layer stacks can be conveniently displayed in views. This is explained in the section Layer
stack view' (see below).

Assigning materials to layers

Each layer in the layer stack represents a slab of a certain material. There are several ways to fill' a

layer with a material, either by drag&drop operations or using function keys on the keyboard.

Drag&Drop within the layer stack definition window:

On the right side of the layer stack definition window you see in a tree view the available materials:
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434

5. Layer stack

File Edit Delete Check Manipulate Update lists 7
=+ [Thin il 8- 4 b E

+ Substrates Type |Materia.1 |Th.i1:kmss |Va:iatio - |
+ Stacks in this confizuration | 1 |Halfspace Air P
+ Coatings 2 | Thin film odde - it i 100 nan
+ Mew single layers 3 | Thin film Iy Ozade 300.0 nm

4 | Thick lasrer (ads (Aspnes, Bhat) 0.300 rora

5 |Halfspace Ajr

< >

Clicking the + or - signs in the treeview you can open or close the individual nodes. The first node
called Materials (this configuration) gives a list of all materials in the list of materials of your
current SCOUT configuration. The second one called Materials in database shows all materials
available in the database to which you are connected at present. In order to assign a material to a
layer in the layer stack, just drag it from the lists to the right and drop it onto the layer.

In case you drop a material from the database SCOUT checks if a material of this name is already in
its list of materials. If yes, this material is used and nothing is loaded from the database. If the
wanted material is not yet in the list of materials, it is fetched from the database and entered into the
list of materials. Note that the treeview of the available materials is not updated automatically, so the
new material will not show up in the node 'Materials (this configuration)' unless you apply the menu
command Update lists.

Drag&Drop from the material list:

For this method you have to open both the layer stack list and the material list. In the material list,
point with the mouse cursor on the wanted material, press the left mouse button without releasing it
and move the cursor to the appropriate layer in the layer stack list. Now release the mouse button
and check if the correct material is entered in the layer. Each layer in the stack can be filled by such
a drag-and-drop operation.

Keyboard commands:

If you hawve only a few entries in the list of materials this method is quicker and should be your
favourite one. In the layer stack list, place the cursor in the cell that specifies the material of the
layer of interest. Now press the F4 function key and observe that the material changes. By repeatly
pressing F4 you iterate through all entries of the material list, and you can stop when the appropriate
material appears. You can move backwards in the list of materials by pressing F5.

In the case of anisotropic layers, only the drag&drop assignment from the material list can be used.

Working with pre-defined layer stacks

Saving and loading layer stack definitions
Layer stack definitions can be saved to files and re-imported as components to build complex layer

stacks. These operations are only possible if the assigned materials of all layers are stored
in the database. If you sawe a layer stack definition, SCOUT will check if all used materials are
found in the database. If a layer stack definition is imported SCOUT will load all required materials
from the database if there are not yet in the material list.

You can save the layer stack definition to a file using the command File|[Save layer stack
definition. SCOUT will create a file with the extension *.Is which contains the layer structure and
the names of the assigned materials. Note that only the layers between the halfspaces are saved,
but not the assignments of the halfspaces.
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You can re-import a layer stack definition with the command File|lmport layer stack definition.
First you are asked if you want to delete the current layer stack before you import the new one:

x

@ Clear Stack before loading?

If the current layer stack is not cleared the new layers are added before the currently selected layer.

Then you have to specify if the imported layer stack should be imported in the original order or
inversed:

Coniem T

@ Irverse?

Finally a dialog searching for a layer stack definition file (extension *.Is) is used to specify the layer
stack definition to be imported.

Database access
The treeview on the left side of the layer stack window makes the pre-defined layer stacks of the

database accessible:

3 Layer stack

File Edit Delete Check Manipulate Update lists Fluctuation 7

+ [Thin film | N- 4+ ¥ B

‘Thickness |Van'alion |Superpos

+ Substrates

+ Stacks in this configuration
+ Coatings

+ HNew single layers

The nodes Substrates and Coatings show pre-defined layer stacks in the subfolders 'Substrates'
and 'Coatings' of the database (SCOUT looks for layer definitions in the subfolders 'Panes' and

'Gases' as well which are mainly used by users of the CODE software). Clicking the + or - signs you
can open or close the nodes of the treeview:
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43.5

5 Layer stack

File Edit Delete Check Manipulate Update lists 7

+ [Thin filra Sf- 4 ¥
- Substrates Type Iulaterial Thickness  |Variation  |Sug
(rakss wafer (FIE) 1 |Halfepare ﬁ

Gahs wafer (NIR-Vis-1I' Thin filra oxide - air mix 10.0 nza
Ilicroscope slide (1 rar) Thin film Urniversal oxade 3000 nr
Si wrafer (MIR-Vis-UV) Thick laser Gatis (Aspres,  0.300 mm
+ Stacks in this confizuration Halfepare Ay
- Coatings
Superlattice (Si02-Ti02;
Universal oxdde layer
Untversal ocdde with surf
>

H
B
4|
B

Drag a pre-defined layer stack from the treeview and drop it into the layer stack definition. You will be
asked, if the partial layer stack should be inverted before it is inserted in the stack definition:

Coniem T

@ Inverse?

If you drop it on a layer, the coating will be inserted above this layer.

Insertion of other stacks of your SCOUT configuration

If you work with several layer stacks in your configuration, the treeview node 'Stacks in this
configuration' will show all the stacks (Use the menu command 'Update lists' to update the treeview).
If you drag one of the layer stacks in your layer definition it will be entered as an 'Included layer
stack’ (see abowe).

Thickness fluctuations

Designing new layer stacks, you might be interested in the change of properties, e.g. color
coordinates, due to thickness uncertainties in the production of the stack. Special objects like the

ColorBox object compute property variations as the result of thickness fluctuations. Before you can

do these kind of special computations you have to set the fluctuation properties of each layer that
may have a thickness uncertainty. This is done by the menu command 'Fluctuation' which opens a
dialog like this for the currently selected layer:
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Parameter fluctuation ==
Layer of 5002
Fluctuation type: |Equal distribution j
Current value: 478 nm

+i- |2]

[ Apply these settings to all thin films

QK Cancel |

Select the type of distribution (equal distribution, Gaussian) and the 'amplitude’ of the fluctuation in %

or in absolute values:

-

Parameter fluctuation [T |
Layer of 8n02
Fluctuation type: |Gau55ia.ﬂ distribution j
Current value: 478 nm
Sigma: |3 |n.m j

[~ Apply these settings to all thin films

QK Cancel |

If you check the option Apply these settings to all thin films the selected fluctuation parameters
will be assigned to all thin films in the stack. Be sure that you really want to havwe the same
fluctuation settings for all thin films if you activate this checkbox.

A summary of all fluctuation settings of the current configuration can be displayed using the menu
command File|Report|Parameter fluctuation settings in the main window of SCOUT:
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43.6
4.3.6.1

4.3.6.2

Coating Designer £

Parameter fluctuation settings

Layer stack

Layer of 5n02 Current thickness: 47.8nm  Fluctuation range: 2.00% Gaussian distribution
Layer of Ag Current thickness: 10.8nm Fluctuation range: 2.00% Gaussian distribution
Layer of TiQx Current thickness: 199nm Fluctuation range: 2.00% Gaussian distribution

Ok

Wizards

Overview

If you are in a hurry and you have no time for detailed optical modelling, one of the following wizards
may help you.

e The Pane wizard determines optical constants of thick, transparent substrates such as glass
panes or pieces of plastic.

e The Eoil wizard helps to determine the optical constants of plastic foils enclosed between two
glass panes (safety glass).

e The Glass coating wizard extracts intensity transmission and reflection coefficients for coatings on
glass panes. You can use these numbers to compute spectra of the coating on different types of
glass - since this wizard does not compute optical constants, there are severe limitations of the
application of glass coating wizard results.

Pane wizard

This wizard determines the optical constants of transparent, thick substrates such as glass panes.
You must provide a reflectance and a transmittance spectrum, both recorded at normal incidence of
light. In the case of reflectance you can use a spectrum recorded at 8° angle of incidence if the
measurement has been performed at random polarization. This is usually achieved by applying no
polarizor in the measurement.

Before you apply the wizard by executing the layer stack command Wizards|Pane wizard you
should check the following settings:

e Select the database (menu command in the main window: File|Options|Database) where the new
pane should appear

¢ Clear the layer stack and create a new single layer of type Thick layer. The material assignment
is not relevant at this time - it will be modified by the wizard. The thickness of the layer will also be
set by the wizard.

e Be sure that you hawe data files with the reflectance and transmittance spectra which can be
imported by SCOUT. Both the reflectance and transmittance must be larger than 0, and their sum
should not exceed 1.

In the following starting situation
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CODE Z:\help\vircoc\database\software configurations\code\substrate test.wcd
File Update Objects Range Start Stop  Fit parameter sek  Actions  Tools 7

Method  Immport  Start  Export Workbook  Wiew Ilerm I

Layer stack

File Edit Delete Delete all Manipulate Update liskts  Check  Fluctuation 7 Wizards

 |Thin film N - 4+ ]
Type |ndaterial ~ |Thickness  [Varia
Halfspare Varmmn
Thack lagrer Vacmmn
Halfsparce Vacmirm

| E S i | =

now execute the layer stack command Wizards|Pane wizard. The pane wizard window opens:

Pane wizard o

1.0
3
= —
= 08
—
=
=
2 0.6 1
[

0.4

0.2 1

0.0 T T T T

500 1000 1500 2000 2500
Wavelength [nm]
Step 1: Import the reflectance spectnam of the pane.
The spectrum must be scaled from 0to 1.
Use the "Divide by 100" if your spectra ate given in % (1.e. scaled from 0 to 1000 > [
Import reflectance spectrum | Divide by 100 |
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Now simply follow the instructions given by the wizard. First action is to import the reflectance
spectrum (press the corresponding wizard button at the bottom). After you have selected the file
make sure the spectral unit in the following dialog is set correctly:

Spectral range

b irirnLarm | [drut

b axirnum | hl

Murnber of points

ak. Cancel |

If the data are scaled in % (as in the example below)

Reflectance

500 1000 1500 2000 2500
Wavelength [nm]

dtep 1: Import the reflectance spectrum of the pane.

The spectrum must be scaled from 0 to 1
Use the "Divide by 100" if your spectra are given in % (Le. scaled from 0 to 1000 =

Import reflectance spectrum ‘ Divicle by 100

press the button 'Divide by 100"
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Pane wizard

Reflectance

1500 2000
Wavelength [nm]

500 1000

Step 1: Import the reflectance spectram of the pane.
The spectrum must be scaled from O to 1
Use the "Divide by 100" if your spectra are given in % (Le. scaled from 0 to 100

Import reflectance spectrum | Divicle by 100
Now click on the > button to go to the next step:
Pane wizard x
1.0
g
g 08 -
E
7
2 06
H
04 4
0.2 4
00 T T T T
500 1000 1500 2000 2500
Wavelength [nm]
Step 2: Import the transmittance spectnum of the pane
I BN
Import transmittance spectrum | Divide by 100 |

Import the transmittance spectrum and divide by 100 if necessary:
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0.9 4

08 - f\ﬁ/\
0.7
0.6
0.5 4
0.4
0.3

0.2 4

0.1 _J
0.0

Transmittance

500 1000 1500 2000 2500
Wavelength [nm]

Step 2: Import the transmittance spectrnam of the pane

< | =

The method used by the wizard requires that the transmittance is larger than 0. Please check out in
which wawelength range this condition is true.
When you are done with transmission, click on >:

Import transmittance spectrum | Divicle by 100

Pane thickness [microns]: 1.00

3tep 3: Set thickness of pane and spectral range of output data.

Both R and T must be larger than 0 for walid results.
= | _> |

Set thickness and spectral range

Now click the button 'Set thickness and spectral range' and enter the thickness in the following
dialog (be aware of the unit micrometer):
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Thickness

Uit : Micrometer

(04 | Cancel

Finally set the spectral range for which you hawe valid reflectance and transmittance data (T>0, R>0,

1-R-T>=0):

Spectral range

Minirurm |3|:||:|

[t

b amirnLinm | ZR00.00

nm

Murnber af paints

500

O

Cancel

We are now almost through. Click on > again to activate the final computation:

Refractive index

<

1.6 4 -

14 -
12 -
1.0 -
08 -
0.6
04 -
0.2
0.0

500 1000

1500 2000
Wavelength [nm]

Step 4 Check and format results to create optical constants

for database.

Change graphics settings ‘

25|00

Fimsh!

The wizard window now displays the computed complex refractive index. Click the 'Change graphics
settings' button if you want to modify the graphics settings. Note that this graph is the one that will
be displayed in the database of optical constants. After your modification the graph may look like

this:
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Refractive index
—
[
=]

Float glass FG123

500

1000 1500

Wavelength [nm]

Step 4 Check and format results to create optical constants

for database.

Change graphics settings

2000 2500

‘ Finish!

Now click Finish. The wizard asks you for a name which will be used for the material in the

database:

Hew material

Material name:

FG123|

:

K, Cancel |

In the next dialog you should enter your name since you are responsible for the new database item:

FG123

Enkry created by

|W.Theiss|

j

I Cancel |

Next you can enter a comment for the new database material:

FG123

Cammenk:

|C|:umputeu:| by Pane wizard|

j

I Cancel |
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Finally a database item in the folder Panes is created using the new material and the thickness you
have specified in the wizard dialog above. You can set the name of this pane item in the last dialog of
the wizard:

New pane X

Enkter descripkion of new pane in
database:

(04 I Cancel |

The wizard now closes and you will find a new pane item (after execution of the menu item Update
lists) in the panes subfolder of the database:

CODE Z:\help\vircoc\database\software configurations\code\substrate test.wcd [:”E|[z|
File Update ©bjects Range Start Stop  Fik parameter sek  Actions Tools 7
Method  Import  Start  Export  Workbook View Merm E

Layer stack
File Edit Delete Delete all Manipulate Update lists Check  Fluctuation 7 \Wizards
'I'IThj.nf'ﬂm &= + ¥ E
+ Substrates Type IMateria.l 'T_hickmss
s Halfspace
Thick layrer
Halfspace

5.000 1

- Float 5 mrn 5 moor
- Float 5 mrm
- Float & (10 )
- Float & (4 ram)
- Float & (5 ram)
- Float & (6 rorn)

' Float & (8 mm)
~ Foils
+ (rases
+ Stacks in this confizu
+ Coatings
v Mew single layers

1
2
3

o e b e [

< 1|

|

< 1l | ¥

Eetum to main wiewr

4.3.6.3 Foil wizard

The foil wizard computes optical constants of plastic foils embedded between 2 glass panes. Before
you apply the wizard by executing the layer stack command Wizards|Foil wizard you should go
through the following preparational steps:
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¢ Select the database (menu command in the main window: File|Options|Database) where the new

foil should appear

o Clear the layer stack and create a new single layer of type Thick layer. The material assignment
is not relevant at this time - it will be modified by the wizard. The thickness of the layer will also be

set by the wizard.

¢ Be sure that you hawe all required data files which can be imported by SCOUT. You will need 6
spectra: Both the reflectance and transmittance of the two panes that enclose the foil, and
reflectance and transmittance of the laminated package pane top / foil / pane bottom.

The starting situation is the same as in the case of the pane wizard:

CODE Z:\help\wircoc\database\software configurations\code\substrate test.wcd
File Update oOhjects Range Start Stop  Fit parameter seb  Actions  Tools 7

Method  Import Stat Export Workbook View

S[=1E3

Meim i

Layer stack

File Edit Delete Delete all Manipulate Update lists Check  Fluctuation ?  \Wizards

HCi13 + |Thin film | ®N- 4+ ¥ E
Layer stacks + Substrates Type |mtaterial 'T_hickness
+- Laye 3 --Pa.nes Halfspace Vacuura

1
2

Varmrm
3 |Halfspace Wacumurn

Simulated Spectra 1.000 1w

I

+ Stacks in this configm
Fit param -- Coatings
+ New single layers

< ]|

|l

£ 1 | ¥

Fetum to main viewr

Start the wizard with the command Wizards|Foil wizard:

Foil wizard

Welcome to foil wizard!

First set the wanted spectral range (must be fully covered by the input spectra)
Be prepared to supply 6 spectra:

- reflectance of the top pane

- transmittance of the top pane

- reflectance of the bottom pane

- transmittance of the bottom pane

- reflectance of the laminate

- transmittance of the lammate

If your spectra are scaled in %, please use the "Divide by 100" button to scale them to the range 0 ... 1

(3]

Please read the information abowe.

-

> |
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Click on > to start the work:

Welcome to foil wizard!

First set the wanted spectral range (must be fully covered by the input spectra)
Be prepared to supply 6 spectra:

- reflectance of the top pane

- transmittance of the top pane

- reflectance of the bottom pane

- transmittance of the bottom pane

- reflectance of the lammate

- transmittance of the laminate

If your spectra are scaled in %, please use the Converter tool to convert them to therange 0 .. 1.

Step 1: Het the foil thickness and the wanted spectral range

The range must be fully covered by all imported spectra,
< =
Set thickness and spectral range |

First click on Set thickness and spectral range. This will guide you through the following dialogs to
enter the foil thickness

Foil thickness

Uit : Micrometer
1175]

(04 | Cancel |

and to specify the spectral range of the analysis:

Spectral range

Mirirnirn |3EIE1 Uit
Maximum [~ 2500.00 nim |

Murnber of paints |5|:||:|

ak. Cancel |

When you are done with these settings, press > to go on. You now hawe to import the 6 spectra,
starting with the reflectance of the top pane:
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Foil wizard x|
Reflectance of top pane

0.08
0.07

0.06

Reflectance

500 1000 1500 2000 2500
Wavelength [nm]

Step 2: Import the reflectance spectrum of the top pane.

The spectrum must be scaled from O to 1
= >
Timport reflectance spectrum of top pane | Divide by 100 |

When you are ready with the import of the current spectrum, check if you have to divide by 100 (click
the corresponding button, if necessary). Then press > to go to the next step. The last spectrum is
the transmittance of the laminate:

Foil wizard [x]
Transmittance of laminate

Transmittance

500 1000 1500 2000 2500
Wavelength [nm]

Step T Import the transmittance spectium of the floatffoil/float laminate.

The spectoam must be sealed from 0 to 1
=< =
Import transmittance spectrum of the laminate | Divide by 100 |

Finally press the Finish button to enter the result in the database. You have to set a name for the
new material
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enter your name

and a comment

Mew material in database

Enter the name of the new material;
PvE=Z

Ok | Zancel

New foil material PYBF2 x|

Enkry created by
|W.Theiss|

(04 | Cancel |

New foil material PYBF2 B

Cammenk:

|Data created with Foil wizard. . |

(04 | Cancel |

After the material has been entered to the database, the wizard suggests a name for the new foil
item in the foil subfolder. In the following dialog you get the chance to modify this identifier:

Enker description of new Foil in database:

(04 | Cancel

After the command Update lists you will find the new foil item in the Foils subfolder of the database:

© 2019 Wolfgang Theiss



SCOUT technical manual The optical model 128

CODE Z:\help\wircoc\database\software configurations\code\substrate test.wcd B@w
File Update ©Ohjects Range Start Stop  Fit parameter sek Actions  Tools 7

Method  Import  Start  Export  Workbook  View Merm i

Layer stack
File Edit Delete Delete all Manipulate Update lists  Check  Fluctuation ?  \Wizards

+ |Thin il ~SN- 4 ¥ =]
Dhammy Type |Materia.1 'T_hickness
Laye: ‘stat:.ks 1 |Halfzpace Wamuura
L " Em PYBF2 0175
Simulated Spectra 3 |Halfspace Vacurn
atheters + Cases
+ Stacks in this configm
--Coatings

-- Hew single lagrers

Fetumn to main viewr

4.3.6.4 Glass coating wizard

4.4
441

Coming soon ...

Spectra
Overview

After having defined the materials of your project and the structure of the layer stacks you have to
specify which spectra are to be computed. This is done in the spectra list which collects all spectra
that you want to calculate. Each spectrum is defined in its own window where you can also import
an experimental spectrum for visual comparison and automatic fitting of the model. The goal of the
automatic fitting is to minimize the deviation (mean squared difference) between simulated and
measured data.

If you fit several spectra (Reflectance and transmittance, transmittance and ellipsometry, reflectance
spectra at various angles of incidence or polarization) the total deviation is computed as the sum of
the deviations of the individual spectra. The latter are multiplied with a weight factor that you can set
for each spectrum in the list of spectra.

At present the following types of spectra can be simulated with SCOUT:

e Reflectance
e Transmittance
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Absorbance

ATR

Layer Mix (computes the average spectrum of a patterned sample)
Ellipsometry

Ellipsometry stack average

PL spectrum

EL spectrum

Layer absorption (computes the absorbed fraction of incident light intensity in a
certain layer in a stack)

e Charge carrier generation (computes the number of photon-generated charge
carriers in a layer)

In addition to 'real' optical spectra there are also objects that compute angular scans for a single
spectral position:

e Angle scan
¢ XRR

Assigning layer stacks to spectra

When a new spectrum object is created the first layer stack of the list of layer stacks is assigned to
the new spectrum. You can assign a different layer stack to a spectrum by the following drag&drop
operation:

o Enter the tree view level (Press F7 if you are on the main view level right now)

o Open the subbranches of the 'Layer stacks' branch

o Right-click the spectrum for which you want to change the layer stack assignment

o Start a drag&drop mouse action dragging the wanted layer stack from the tree view to the
spectrum and drop it below the caption 'Layer stack' in the upper left corner of the spectrum
window

o Verify the new assignment: The name of the assigned layer stack should appear underneath the
'Layer stack’ label

Here is a screen shot showing the situation:
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Introduction

Reflectance, transmittance, ATR and related spectra can be computed using objects of type
'R, T,ATR'. Opening these objects with a right mouse click in the treeview you get access to a

window like this:
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Layer stack Spectrum type Angle Polarization Manipulation Param.| ATR dizl const.
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Reflectance
fa]
-]
|

500 1000 1500 2000 2500
Wavelength [nm]

Deviation 00000424 Weight formula: |

Penalty shape: |
You have to set several items to uniquely define the spectrum to be simulated:

Laver stack
If you work with several layer stacks you have to assign the layer stack for this spectrum. Open the

list of layer stacks with Objects|Layer stacks in the main window:

3 Layer stacks =10 x|

Mew Edt Delete Update

+H - ¢4 B
0 I_ill‘IIIIl"].:l.. ............................................................................
2 [Layer on silicon
3 |Lager on rough polymer ;I

Start a drag&drop operation from the layer stack you want to use. Drop it onto the white field below
the label 'Layer stack' in the spectrum window. Convince yourself that the right layer stack has been

assigned after this action.
If you want to compute reflectance and transmittance spectra for laterally structured samples you
can use spectra of type 'Layer mix"' instead of the type 'R, T,ATR".

Range
The Range command lets you define the spectral range of the simulated spectrum. As in previous

SCOUT versions this range is not required to be the same as the one used for the dielectric function
definitions.
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Spectrum type
Here you can choose between different quantities that are computed. At present the following options

are possible:

Reflectance

Transmittance

ATR (attenuated total reflection)
Absorbance ( = -log(transmittance) )
Refl. absorbance ( = - log(reflectance) )
1-R-T

Angle
This is the angle of incidence being zero at normal incidence of light and 90° at oblique incidence. As

mentioned above the light is incident from the top halfspace of the layer stack.

You can also describe experiments where the illumination comes from the bottom of the the sample
by setting the angle to a value between 90° and 180°. If you choose 172°, for example, the
spectrometer beam comes from the sample's back with an angle of incidence of 180°-172°=8°.

Averaging over several angles of incidence
Sometimes it is important to average optical spectra for a distribution of angles of incidence. You can

do this in SCOUT the following way. Open with Object|Angle of incidence distribution a list
where you can define (by pushing the '+' button) as many angles of incidence as you like. Each
angle gets a weight:

5. Angle distribution =] EX

File Mew Delete 72

+ -

brlze Weight
1 [ 400000 0.0500
2| 420000
3| 440000 | 0.5000
4| 460000 0.2000
5| 4z.0000 0.0500

As soon as there is an entry in this list SCOUT ignores the angle setting in the spectrum window
(see abowe) but computes for each angle in the list the spectrum. Each spectrum is multiplied by the
weight of its angle of incidence. Then all spectra are added to the final spectrum which is displayed
in the spectrum window. Note that the user, i.e. you, is responsible for the correct normalization of
the weights (at least up to now). Of course, the sum of all the weight values should sum up to unity
to represent a nice distribution function.

If you want to return to the normal setting of a single angle of incidence in the spectrum window you
have to delete with the -' button all entries in the list of angles of incdicence.

Polarization
For the polarization the following settings can be used:

e s-pol: S-polarization
e p-pol: P-polarization
e mixed: A user defined mixture of s- and p-polarization
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Manipulation
After the computation of one of the spectrum types listed above you can apply a user-defined formula

to finally modify the spectrum. By using a special keyword in the formula you can refer to the
reference spectrum mentioned below. See the section on spectrum normalization for details.

Target spectrum
In addition to the simulated and the measured spectrum, you can display a target spectrum. This is

useful if you use SCOUT for production control: In this case the target spectrum would represent the
spectrum of the ideal spectrum, i.e. it represents what you wish to see for the production all the
time. You can set the target spectrum in a separate object that you open with Objects|Target
spectrum.

With File|Options|Target spectrum you can control how the target spectrum is displayed: Activate
the checked menu item Show to show it, set the Pen to determine which pen is used to draw it,
and select Line mode in order to set the line mode for drawing the spectrum.

ATR diel. const.

If you compute ATR spectra, the incident beam is incident from a material with an almost real
refractive index which is higher than the real part of the refractive index of the first material in the
layer stack. You could replace the usual 'Vacuum' in the top halfspace of the layer stack definition
by a suitable material and compute a regular reflectance spectrum. This is tedious and not very
practical if you want to simultaneously analyze reflectance, transmittance and ATR spectra of one
and the same sample. You would have to work with two different layer stacks in this case.

In order to awoid this complication, SCOUT lets you define the parameter ATR diel. const which is
used only if you compute ATR spectra. In this case the top halfspace material assignment (usually
Vacuum, as mentioned abowe) is ignored and a material with a constant and real dielectric function is
used instead. The value of the constant real part of the dielectric function is given by the parameter
ATR diel. const. The square root of this number is the refractive index of the ATR element.

Typical values are 11.7 for silicon and 16 for germanium in the infrared, or 2.25 for glass in the visible.

Import of experimental spectra
Experimental spectra can be imported using the Import command. After data import the

experimental data are multiplied automatically by the spectrum defined in the Reference window.

Computing the deviation
The deviation of the simulated and measured spectrum is computed the following way: First for each

data point of the simulated spectrum the value of the measured spectrum is computed by linear
interpolation. The differences of the simulated and measured values are computed and stored in a
data field which can be displayed together with the simulated and measured spectra. The display of
the difference spectrum can be activated with the local file menu item
File/Options/Difference/Show. The additional options Pen and Line mode regulate the style of
the curve.

Without penalty shape function:

If no penalty shape function (see below) is defined, the difference value (simulated - measured) for
each spectral point is squared. If a weight function (at the bottom of the window) is defined the value
of the weight function at the spectral point is evaluated und used to multiply the squared difference.
Finally the average of these numbers for all data points is computed. This is the deviation of this
spectrum.

With penalty shape function:

In order to setup your own optimization strategies (especially for thin film design where you want to
achieve certain spectral properties of a coating) you can define a so-called penalty shape function.
This function is entered in a text field at the bottom of the spectrum window. In the user-defined
formula you can use the symbol x to refer to the spectral position. The spectral unit is the same that
is used for the computation of the spectrum, i.e. if you compute a wawelength spectrum in nm, x
denotes the wawelength in nm. In addition, the symbol y represents the simulated spectral value, e.g.
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4.4.2.2

the computed reflectance or transmittance value. Finally the symbol z refers to the difference of the
simulated and measured value. You can use all the usual functions and expressions for penalty
shape functions that are allowed for other user-defined functions as well.

The value of the penalty shape function is computed for each data point of the simulated spectrum
and then multiplied with the weight function (if a weight function is defined). Finally the average value
of the dewviation for all spectral points is computed. This is the deviation of this spectrum.

If the term z/2 is entered as penalty shape function, the computed deviation values are the averaged
mean squared difference values that one would get without defining a penalty shape function (see
abowe). The graph below gives a comparison of this "normal" choice (red curve) and a penalty shape
function which tolerates differences below 0.01 but heavily punishes larger difference values:

Penalty shape functions (Red: z*2, Blue: 0.0001*(z/0.01)"6)

0.0010
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0.0007 ~
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0.0004
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0.0000 |

-0.03 -0.02 -0.01 0.00 001 0.02 0.03
Difference z (simulated - measured)

Function value
|

Total deviation in the case of several spectra:

If the optical model contains several spectra the total deviation is obtained by adding up the deviation
values of all spectra, multiplying each number with the weight that has been assigned to the
corresponding spectrum in the list of spectra.

Special actions
Objects of type 'R, T,ATR' can perform some special actions which may be useful in some situations:

¢ Direct determination of layer thicknesses by the Fourier transform technique
o Data smoothing to reduce the noise in measured spectra

Spectrum normalization

In general SCOUT computes absolute refletance or transmittance spectra with values between 0 and
1. If you want to compare simulated and measured spectra you must have also experimental data
that are absolute. If you do not have absolute experimental spectra but only relative ones there are
two ways to proceed in SCOUT.
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44.2.3

44.2.4

One way is to normalize the relative experimental data using an appropriate correction spectrum to
convert the data to absolute ones. The imported experimental data are multiplied automatically by
the reference spectrum defined in the window that opens after the command Objects|Reference.
You can apply a user-defined formula to compute the reference spectrum or, alternatively, you can
import the reference spectrum from a data file. If you have measured, for example, the reflectivitiy of a
sample with respect to a reference mirror, you can import the absolute reflectivity of the reference
mirror (which must be known from other experiments) into the reference window. Then, the imported
relative data are multiplied with the reflectance of the reference mirror and converted to
absolute reflectivities this way.

The second possibility is to compute relative spectra and compare them to relative experimental
data. Of course, both quantities must be 'relative’ in the same sense. An example is the following: In
the experiment the transmission of a pure substrate is recorded as the reference, and then the
transmission of a thin film deposited on that substrate is measured with the ratio of the two samples
as experimental output. You might want to compare this ratio spectrum to the corresponding
simulated ratio. To do this you have to proceed as follows: First, compute the absolute transmission
spectrum of the blank substrate and store the spectrum to a data file, using the SpectraCalc format,
for example. Then import this spectrum in the reference spectrum window. Set the content of the
Manipulation edit box in the spectrum simulation window to 'Y(XY)=Y/REFERENCE' and activate
Recalc. You should now obtain a simulated 1.0, since you are computing the ratio of the substrate
transmission and the substrate transmission. Now modify the layer stack and compute relative
transmission spectra which now can be compared to the measured ones.

If the Manipulation formula contains the keyword 'REFERENCE' it is assumed that you want to
work with relative simulated spectra. In this case, the experimental data are not multiplied with
the reference spectrum after import!

Polarization of the incident radiation

The mixture of s- and p-polarization is set by a user-defined function (giving the fraction of s-
polarization) which is accessible in a separate window. This window is opened by the Objects|
Polarization command. Here you can define the function using the elements given in the technical
notes. The default value for the fraction of s-polarization is 0.5, i.e. ideally unpolarized radiation is
assumed.

Alternatively you can import data determined otherwise applying the Import command or simply use
Drag&Drop to enter data from other sources, e.g. the Data Factory.

Manipulation of the computed spectrum

After the computation of the spectrum (Reflectance, Transmittance, ATR, Absorbance, ...) you can
apply a formula to finally manipulate the simulated data before they are displayed and compared to
the experimental values. The formula is entered in the Manipulation edit box.

If you want, for example, to calculate the square root of the reflectance as the final quantity of the
simulation you have to set the spectrum type to reflectance and the formula to Y(XY)=SQRT(Y).
The symbol 'X in the formula represents the spectral quantity displayed on the x-axis, i.e. the
wavenumber, wavelength or energy, for example.

In your user-defined formula you can also refer (with the keyword 'REFERENCE") to the reference
spectrum. This can be used to normalize the simulated spectrum. See the section on normalization
for details.
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4.4.2.5 Thickness determination by Fourier transform

In the case of thickness determination by model fitting it is sometimes useful to obtain a good
starting value for the thickness. This is in particular important in the case of thick layers.

If the spectrum exhibits pronounced interference patterns, and the refractive index of the deposited
material is more or less constant, one can get a good approximation for the thickness from the
Fourier transform of the spectrum. Here is an example:
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If n is the refractive index of the layer, the peaks in the reflectance have a periodicity of 1/(2*n*d)
where d is the layer thickness. The Fourier transform (power spectrum) of this spectrum shows a
peak at the optical thickness 2*n*d:
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Knowing the value of n one can compute from the peak position of the optical thickness the
geometric thickness d.

The menu command Actions|FFT thickness analysis of the spectrum window performs the analysis
explained abowe. You are asked for the spectral range to be used for the periodicity analysis
(wavenumber minimum and maximum, number of data points) and the expected geometrical
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thickness range (minimum, maximum) as well as for the refractive index (constant, real): For the
choices 1000 ... 6000 1/cm with 2048 data points and a thickness range 3 ... 50 microns with n=2.0
SCOUT computes the power spectrum and searches for the highest peak in the specified thickness
range. The obtained thickness is 7.88 microns.

Once you have specified the parameters for the FFT thickness analysis, you can load new spectra
and do the same analysis with the command Actions|Repeat FFT thickness analysis. In this case
there are no questions about parameters but the previous ones are used once more.

4.4.2.6 Data smoothing

Noisy experimental data can be smoothed by the special action Actions|Smooth experimental
data. You have to specify the spectral range for the operation and the number of times you want
SCOUT to perform the smoothing action. A simple 3-point-smoothing is used (a point is replaced by
the average of its value and those of the two neighbours in each iteration).

With the command Actions|Repeat data smoothing you can repeat the smoothing operation with
the previous parameters.

Here is a short example. The original data
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are smoothed in the range 5500 ... 6500 1/cm by applying the 3-point-averaging 10 times:
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4.4.2.7 The spectrum type 'Layer mix’

If you want to compute reflectance and transmittance spectra for laterally structured samples you
can use spectra of type ‘Layer mix' instead of the type 'R, T,ATR'". With objects of this type you can

average spectra of different layer stacks.
'Layer mix' spectra have a list of layer stacks rather than a single stack:

File | Objects Import Export Range FRecalc Update Grap
Spectnum type Angle Polarization  IMam

L&MM [Feflectanze  w|| 0.00 _H|S-P'='1- |y
| B

Press the Layer list button to open the list of the layer stacks used for this spectrum:
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optical model

= Layer list
File Mew Edit

Delete  Update 7

To add layers to this list drag&drop them from the list of layer stacks:

=101 %]

5 Layer stacks

Mew Edt Delete Update

+ 83 - 4+ ¥

L]
2 [Layer on silicon
3 |Lagrer on rough polyer

Each item in the list has a weight which should be proportional to the surface area that is covered by
the corresponding layer stack. The sum of all weights should be 1.0 like in the following example:

= Layer list

=10l x|

File Mew Edit Delete Update 7

- B
Haraz | Weight |

1 |Gold contacts 0.1000

2 [Silicon surface 0.3000

E 0.6000

For each layer stack in the list the spectrum is computed. The final spectrum is the sum of these
'sub-spectra’ where each partial spectrum is multiplied by its weight factor.

4.4.2.8 Options

The menu item File/Options lets you set several options which are described below.

Submenus Difference, Weight, Target spectrum

Set the properties Show, Pen and Line mode for the subobjects Difference, Weight and target
spectrum. The property Show can be checked or unchecked - if checked the data of the subobject
are shown in the graphs, otherwise not. The data are shown with the selected Pen and Line mode.
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Import measured data: This checked item can be used to control if this spectrum should import
measured data when the global Import mechanism is used to import measurements.

Divide measued data by 100 after import: Check this menu item if you expect incoming
measured data to be scaled in % while the spectrum object needs data in the range 0 ... 1. Dividing
by 100 will then happen automatically after a file import or reading data from a workbook range.

Experimental data smoothing: Submenu giving access to data smoothing parameters which can
be used for noisy input data. Be aware that data smoothing modifies your original data.

Validation rules for measured data: Here you can define checks of incoming measured data in
order to decide if it makes sense to do a parameter fit. If one of the validation rules is violated by the
measured data, the fitting routine is not performed and a rating saying 'Invalid data' is set. This will
happen even if you manually try to start a fit.

A rule is defined by calling an optical function for the current spectrum and comparing its value with a
number using the > or < character. Each rule must be entered as one line as shown in the dialog
below:

-

Validation rules for measured spectrum =3

measured value at 2000 nm=0.8
measured average 300 800 51<0,2

K Cancel

The object name must be omitted in the call of the optical function. Optical functions for spectra are
described below.

The spectrum shown below obeys the rules shown in the dialog above - a fit of these data would be
possible:
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443
4.4.31
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Resolution: You can set a spectral resolution in order to average sharp spectral features in your
simulated spectra if you have to compare them to measured data obtained with low spectral
resolution. Be careful applying this feature because the way the measured data are averaged by the
used spectrometer hardware might be different from the averaging method used to manipulate the
simulated spectrum.

Automation: Submenu to set parameters for automatic spectrum saving in automation methods. To
be used in situations where you acquire spectra at regular timer events and you want these spectra
to be saved without user interaction.

Parameters for U-value computation: To be used in CODE only. U- and g-value objects can be

linked to one and the same spectrum in order to synchronize their parameters (emissivity settings,
for example). If you change the U-value parameters here in the spectrum, all linked U- and g-value

objects will use these settings in their computation.

Ellipsometry

Introduction

Besides reflectance, transmittance and ATR spectra (that are computed by 'R, T,ATR' objects in the
spectrum list) you can also compute ellipsometry spectra. To do so, you have to create an object of
type 'Ellipsometry' in the spectrum list.

The following items must be defined to uniquely set the spectrum to be simulated:

Range
The Range command lets you define the spectral range of the simulated spectrum. As in previous

SCOUT versions this range is not required to be the same as the one used for the dielectric function
definitions.
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Spectrum type
Here you can choose between different quantities that are computed. At present the following options

are possible:

tan(Psi), cos(Delta)

Psi, Delta (both in degrees)

sin(2 Psi) cos(Delta), sin(2 Psi) sin(Delta

-cos(2 Psi), sin(2 Psi) cos(Delta

tan(Psi), sin(Delta)

Pseudo n and k (optical constants of a virtual halfspace without any thin films)

Angle
This is the angle of incidence being zero at normal incidence of light and 90° at oblique incidence. As

mentioned above the light is incident from the top halfspace of the layer stack.

You can also describe experiments where the illumination comes from the bottom of the the sample
by setting the angle to a value between 90° and 180°. If you choose 172°, for example, the
spectrometer beam comes from the sample's back with an angle of incidence of 180°-172°=8°.

Import of measured data
We have implemented import routines for several file formats. In many cases customers had sent us

files and asked us to implement an import routine. In those cases for which we could guess the data
format we wrote code to read the data. Unfortunately, that does not mean the import routine can be
used for any version of the format. Please contact us if you encounter reading problems.

Woollam data import
The Woollam company has deweloped a text based file format to store all measurements for a

sample into one (usually big) text file,using the extension *.dat. The file may contain measured data
for several positions on the sample, and for several angles of incidence. In cases where you have
seweral angles of incidence you must generate sewveral ellipsometry objects in the list of spectra,
each one computing ellipsometric angle data for a single angle of incidence. In order to import
measured data for all ellipsometry objects at once you hawe to use the global menu command
Actions/Spectra/Import/Import all spectra from a single Woollam *.dat file and select the file.
SCOUT will read the file and extract all measurement positions on the sample - in case of many
positions this may take a long time since the files have no clear information in their header. SCOUT
has to read and analyze every single line, and there may be many thousands of lines in the file.
Once the positions have been identified, SCOUT will display a dialog that lets you select the position
you want to import data for:

T Woollam import E\@
Filename: C:\temp\Woollam import demo.dat
Sample description:  yWoollam import demo Position: | TR -
-5,00000 14.00000 -
Merge sample name and position -4,00000 14.00000

-2.00000 14.00000

0.00000 14.00000

2.00000 14.00000
lL/ ILEE'/ 4,00000 14.00000
£.00000 14.00000
R.O00000 14, 00000 S

If the 'wait cursor' changes back to the normal cursor in the SCOUT window and you do not see the
dialog popping up, you should click the SCOUT icon in the taskbar. That should bring the dialog to

the front of the screen.

Select a position in the dropdown box to the right. If you check the option 'Merge sample name and
position' SCOUT will combine both the sample description and the position info to the new sample

name.

© 2019 Wolfgang Theiss



SCOUT technical manual

The optical model 143

4.4.3.2

Once you click Ok SCOUT will send the data lines for the selected position to all ellipsometry
objects. Each one will first delete its measured data, and then analyze the lines and read Psi and
Delta from those lines only for which round(angle of incidence in the file) = round(angle of
incidence of the ellipsometry object holds. Be sure to have set matching angles of incidence in
your ellipsometry objects - otherwise no measured data will be imported.

If you have defined a spectrum type different from pure Psi and Delta values (see list of available
types abowe) then the imported Psi and Delta values are automatically converted to the right quantity.
It is assumed here that the original Woollam files always contains Psi and Delta values in degrees.

Graphics

Since 'Ellipsometry' objects compute two quantities the graphics settings are more complicated as
in the case of 'R, T,ATR' objects.

In principle, there are two independent graphs with corresponding graphics parameters, one for the
quantity related to ¥ (¥ itself, or tan(¥)) and one for A (or cos(A)). However, the easiest handling of
the data display is achieved with the default settings. These couple the two sets of graphics
parameters to be the same except for the frame mode. This is set to O for the A graphics. A typical
display is the following:
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The simulated spectrum of tan(¥) is drawn in a blue solid line, the corresponding experimental data
are in red (also using a solid line). The cos(A) curves are dashed (blue for the simulation, red for the
measured data).

The check box 'Lock graphics'is checked in the default configuration. This means that zoom and
stretching operations affect both spectra, tan(¥) and cos(A), the same way.

You can also edit the graphics parameters for A (command Graphics|Delta) and set the frame mode
to a value larger than 0. This way you can generate two coordinate systems like in the following
example:
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If 'Lock graphics'is still checked the key and mouse commands to mowve through the graphics still

apply to both graphs. For example, a pressing the left cursor key leads to this:
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_____

If you uncheck the 'Lock graphics' box all key and mouse commnds apply to the ¥ curve only. The
key command mentioned above would lead to the following appearance:
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e,

Energy [eV]

In this case, there are no quick graphics commands for the A spectrum in the present SCOUT
version.

4.4.3.3 Stack averaging

A special type of ellipsometry spectrum is called 'Ellipsometry stack average'. You can use this
object if the measured data can be considered as average spectra of different layer stacks. A typical
case is a micro-structured sample. Please read the section about Layer mix' objects (in the chapter
'Reflectance, Transmittance, ATR') to learn how to work with this kind of object.
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444 Layer absorption

This spectrum type lets you compute how much light is absorbed in a specific layer in a layer stack.
The user interface looks like this:

Layer absorption
File Objects Import Export Range Recale Update Graphics  Acquire  “Workbook  Ackions 7

Local absorption | Layer stack: Solar cell stack
Angle Pol. Layer: jﬂ Lawer 3: Absother Manipulatin Pararm.
| 0.00 ﬂ |s-p01. j Number of sources: |20 Y(X,YJ=|
1.0
=
=]
=
=~ 0.8 -
2
£
T 0.6 1
=y
=]
0.4 1
0.2 1
ﬂ.ﬂ T T T T
400 600 800 1000 1200
Wavelength [nm]
Deviation 0.0839722 Weight fornmala: |

In the upper left corner you specify the angle of incidence and the polarization of the illuminating
beam. Right to the label 'Layer stack' you can drop the wanted layer stack from the list of layer

stacks. Underneath the layer of interest in the stack is selected using the two little buttons ﬂﬂ

In order to compute the absorbed fraction in the layer, the layer is divided into sublayers for which the
local absorption is computed. The number of sublayers is specified by '"Number of sources'. The
total light absorption in the layer is finally computed by integrating over all sublayers. Note that the
computation of layer absorption can be quite slow if you work with many sublayers. After a
computation, you can inspect the distribution of the local absorption in the layer for the last spectral
point clicking the Local absorption button.

Like in all spectrum objects, the spectral range of the computation is set with the Range command.

445 Charge carrier generation

Objects of this type are based on layer absorption objects. The absorbed fraction of the selected
layer (which is computed like in layer absorption objects) is multiplied with a user-defined internal
efficiency. The efficiency gives the conversion probability for an absorbed photon to generate a
charge carrier contributing to an electrical current through the layer.
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The CODE software (which is an extension of SCOUT) contains an object type 'Photocurrent' to
compute the current density in a solar cell layer stack. In order to do so, the object must be
connected to an spectrum object of the type 'Charge carrier generation' discussed here.

The internal conversion efficiency is specified in a subobject which can be opened by the menu
command 'Objects|internal efficiency":

Internal efficiency
File Definition Export Range Update Graphics ‘Workbook 7

&y Setup B E

1.0

0.8 -

0.6 -

Internal efficiency [a.u.]

0.4 -

0.2+

0.0 4

500 1000 1500 2000 2500
Wavelength [nm]

Using the Range command you can set the spectral range for the efficiency. The curve is defined by
a set of terms which are superimposed to the final curve. The terms are defined in another
subwindow which opens using the Definition menu command:

File Mew Edit Delete Delete all Update Color 7

+ |Ha.m113n.u: ogcillator j ﬁ = + * I

Type Param. |Value |Pa.ta.m. |Valu.e |Pa.ra.m. |Value |Pa.ra.m. |Va.'lue |Pa.ra.m. |Va.'lue |Pa.ra
Free forrmla fo Forrola cl1 cl1 0458 2 oo C3 nooo Cc4 nooo Cs

The easiest way to generate a function is to use an object of type 'Free formula for imag. part' (Sorry,
this name is a little misleading - we have 'borrowed' this object from another application). Using the
Edit command the settings can be made in the following dialog:
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446
4.4.6.1

Free formula |E|

Formula | <1

IJse %' to refer to the wavenumber in the Formula

S 04575 o3 | 0.0000 cs | 0.0000
S 00000 cq | 0.0000 ce | 0.0000

|Cu:unstant

Marne

(04 Zancel | Help |

Here you can specify a user-defined formula for the conversion efficiency - in the given example the
efficiency is just the constant C1. Note that the constants C1, C2, ..., C6 will show up as possible fit
parameters. This allows you to adjust the conwersion efficiency to measured data.

Photoluminescence

Introduction

Experimentally observed photoluminescence (PL) or fluorescence spectra are often considered to
give a direct view of microscopic electronic transition phenomena. The experimental setup of such
kind of experiments is simple - at least in principle:

low energy

hiéhﬂernerg}; o

radiation and re-emitting

luminescent light

A schematic view of the photoluminescence process in the sample is this:
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From this simple picture simple interpretation rules could be deduced. For example, the energy of
the emitted radiation (or the energy of the peak of a PL spectrum) is the gap energy of the material
(which can be identified this way). Or: If samples differ in intensity of the emitted radiation the non-
radiative energy loss mechanisms are different.

Howevwer, usually life is more complicated, and before a microscopic interpretation of the observed
luminescence spectrum is tried one should take into account all external phenomena which may
influence the shape of the luminescence spectrum. In particular in thin film systems reflectance,
interference and re-absorption phenomena can modify the shape of the PL spectrum significantly,
and an intuitive interpretation can be quite misleading.

Knowing the optical constants of all materials in a layer stack, the SCOUT software can be used to
compute the influence of all these external effects on PL spectra. This way a solid base for the
correct interpretation of PL spectra is provided.

The following sections describe

¢ the algorithm to compute PL spectra

e the user interface

¢ simple simulated examples

Examples of the analysis of measured PL spectra are given in a separate step-by-step PL tutorial
(Tutorial 2, example 3).
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4.4.6.2 Algorithm
4.46.2.1 Overview

The computation of PL spectra is done in the following three steps:

¢ Calculation of the depth-profile of the absorbed radiation in the luminescent layer: This defines
where the incident radiation is absorbed. It is assumed that the radiation is re-emitted at the same

position. Hence the absorption depth-profile gives also the distribution of emitting light sources.

¢ Multiplication with the microscopic (internal) efficiency: The so-called internal efficiency is what
one would like to get from PL experiments. It gives the spectral distribution of the emission
probability if a photon of the incident radiation is absorbed at a certain point in space. This is the
wanted information about the microscopic process.

o Computation of the escape probability for the emitted light: Once a photon is re-emitted it has to
find its way through and out of the layer stack in order to be detected. The escape probability
depends on reflection coefficients and re-absorption probabilities. These are computed using
standard techniques to compute wave propagation effects.

The final result of the computation is the expected PL spectrum. The calculation of the absorption
profile and the escape probabilities (steps 1 and 3) is straightforward (more or less). The combination
of these is called 'external efficiency’ in the following. The internal efficiency (i.e. the microscopic
process to convert high energy photons to low energy radiation, see step 2) is not known very
precisely in most cases. The recommended strategy to proceed is as follows: Compute a guess for
the internal efficiency spectrum by a user-defined function (which could be the superposition of
seweral peaks, for example) and vary parameters of the formula (peak positions, widths, strengths)
until the simulated PL spectrum matches the measured curve. Examples are discussed in a
separate tutorial.

To demonstrate the algorithm a simple example of one luminescent layer (porous silicon, 500 nm
thickness) on a silicon substrate is considered. The optical constants are taken from the SCOUT
database without modification.

4.4.6.2.2 Absorption of the incident radiation

The first step of the PL spectrum computation is the determination of the light source distribution. To
do this, the luminescent layer must be specified first. Then the incident radiation is characterized by
its wawvelength, angle of incidence and polarization. According to these settings, the depth profile of
the absorption is calculated.

For the 500 nm porous silicon layer on silicon one gets for 400 nm wawelength (normal incidence of
light) the following distribution (using 20 points):
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PL Absarption distribution ——o
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The illumination is incident from the right in this picture. The silicon substrate is left to the point z=0.
Note the narrow interference pattern.

With the SCOUT object 'Absorption distribution' (see the help on distributions) the absorption pattern
for higher wavelengths are computed as well. These exhibit even more pronounced interference
structures in the local absorption:
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Sampling the luminescent layer using 20 points means to work with 20 light sources in the following.
Each light source emits proportional to the corresponding absorbed fraction of the incoming beam.
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4.46.2.3 Internal efficiency

It is assumed that absorbed 'high energy photons' are converted to 'low energy photons' without any
displacement in space, i.e. a possible re-emission takes place at the same position as the
absorption. Furthermore, a complete isotropic emission with random polarization is assumed.

The amount of created low energy photons is determined by the so-called ‘internal efficiency' which
gives the probability for emission at a certain wavelength. Internal efficiencies are defined by the
superposition of oscillator terms, user-defined formulas or imported data sets.

Here is an example. In the range 500 to 1000 nm (with 101 spectral points, i.e. 5 nm resolution) the
formula EXP(-SQR((X-800)/100)) defines the following broad peak (note that x refers to the
wavwelength, in this case):

Internal efficiency

0

oo

1
1.
Q
5
208 ]
O
2.6 -

0.4

O. O T T T T
500 600 700 800 900 1000

Wavelength [nm]

This means that most of the emitted photons have a wavelength around 800 nm. Almost no radiation
at 500 nm is produced internally.

4.4.6.2.4 Emission

Finally the amount of radiation escaping in the direction of observation is computed. To do so, the
observation angle and the polarization must be specified. For each light source in the luminescent
layer, the waves that end up in the finally observed direction are superimposed (with phase relations)
taking into account Fresnels' equations and summing up all multiply reflected partial waves:
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In the graph above, the multiply reflected partial waves within the top layer stack and the bottom
layer stack are not drawn for simplicity. They are, however, included in the computation.

Squaring the electric field amplitudes the intensity for each point light source is computed. The
contributions of all light sources are added up to the final value of the PL intensity. This is repeated
for the whole spectral range (given by the settings of the internal efficiency). The result for the 500 nm
porous silicon layer on silicon is this (400 nm excitation):

=)

LL intepsity
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AN
|

0.0 T T T T
500 600 700 800 900 1000

Wavelength [

The comparison with the internal efficiency spectrum shows a shift of the emitted PL spectrum:
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In contrast to an intuitive inspection of experimental spectra, in this case there is no doubt about the
origin of the observed shift: Since the used internal efficiency is known and has a peak at 800 nm,
any shift must be due to interference, reflection and re-absorption effects.

4.4.6.3 User interface

The main window of PL spectrum simulation objects looks like this:

5. PL-Spectrum
File Objects Export Range Recale Update Graphics Acquire Workbook Actions 7
Excitation Ahbs. Comversion Eff. Emission Manipulatin Pararm.

Wavelength 45700 Laperstack:  Standard Reflectance  + e
gl _ﬂ - Laper: 4| +| Layer 2: Povous silicon e _ﬂ el T
[oo0 B[ = Wunberof sonmeas: [0 | 0.00 B -
1000
= 900 4
= 800 -
Z
=z 700
7]
E 600
E 500
400 -
300 -
200 -
100 -
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Wavelength [1m)]

5| E| Deviation 1107117812500 Weight formla: |

The simulated PL spectrum depends on details of the excitation, the internal conversion and the
emission (see the description of the algorithm abowe).
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Excitation
The excitation parameters are set on the upper left side of the window. You have to specify the

wavwelength of the exciting light (usually a laser), the angle of incidence and the polarization. Based
on these data and the current layer stack, SCOUT will compute where and how much of the incident
radiation is absorbed in the photoluminescent layer. After the computation of the PL spectrum, you
can view the absorption distribution pressing the button labeled Abs.:

5] PL-Spectrum: Absorption distribution

File Expaort Showlist Autocolor Range Update  Graphics  Workbook 7
u =
Layer stack: ¥ Lt [, Rt Forw Bakw E @ 4
Angle: z-range:| | Hureber of point
PL Absorption distribution | ]
0.15 ~
—
=]
3
=
=
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=
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0.00 | ,
1 2 3 4
z [um]
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Conversion
In the parameter section called 'Conversion' you can define the layer stack (drag&drop it from the list

of layer stacks) and the photoluminescent layer within the stack. Only one layer can be
photoluminescent. Setting the parameter called 'Number of sources' you can define how many

internal light sources are used within the PL active layer.
Pressing the button Eff. the window that defines the internal efficiency is opened:

5] Internal efficiency
File Transitions Export Range Update Graphics ‘Workbook 7

& Setup 7 E
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&&h
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4.4.6.4

Use the command Transitions to open a list similar to the susceptibility list for optical constant
definition:

3. PL transitions

Delete  Update Color 7

M- ¢V E

Param. |'Ja.1u3 |Pa.m.m. |'\.Falue Param. |‘EFalwe |Pa.m.m. |'\.Falu3 |
Eim oscillator Pos. 139054 Str. 06516 2 Darnp. 4071 711G L-swit 0016

File Mew Edit
L Harraomic

oscillator

|

Use this list to define the internal efficiency spectrum as the superposition of several oscillator terms,
user-defined formulas or imported data. The spectrum is computed exactly the same way as the
imaginary part of the dielectric function. All parameters of the superimposed susceptibility terms
appear as fit parameters that can be adjusted in SCOUT's fitting procedure.

Emission

In the section 'Emission’ you have to specify on which side of the layer stack you observe the PL
radiation: 'Reflectance’ means that the PL light is observed on the side from which the excitation is
done (this is the usual case), the selection Transmittance' should be made if you observe the
emitted light on the other side of the layer stack. In addition, you have to set the angle of observation
and the polarization.

Qualitative examples

4.46.4.1 Overview

In this section PL spectra of some simple systems are computed in order to develop a feeling for the
effects that may occur.

The following examples are discussed:

e Thickness variations of luminescent layers (porous silicon on silicon)
o Additional layers above the luminescent layer
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4.4.6.4.2 Thickness variations

Suppose you prepared two samples consisting of a luminescent layer on a silicon substrate. The
thicknesses differ by a factor of 2. The observed PL spectra would be the following:

PL spectra —— 500nm
10001m

2
Bs /\
R=
=

04

0.0 —

50 60 00 80 900 1000
Wavelength [nm]

What would you conclude from this? Did you prepare two very different luminescent systems with
two broad, overlapping emission peaks in one case (the blue cure) and a single emission
mechanism in the other (red)?

You should be careful with interpretations unless you checked the influence of the layer thickness on
the shape of the PL spectrum! In fact, the two curves are once more porous silicon spectra

computed with the same internal efficiency (see abowe). The layer thickness is the only difference
between the two cases.

Here are some more spectra of this kind, including the two presented abowe:

PL spectra | — Internal efficiency,
100 nm
ﬁ)- g 2000 nm
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500 600 700 800 900 1000
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Interpretation problems arise more likely in the case of thin films where the external efficiency
variations lead to spectral shifts and modifications which are not easily identified. In thicker layers
the rich structure of the interference patterns clearly (more or less) show their origin.

4.4.6.4.3 Additional layers

If you have to compare PL spectra of luminescent layers embedded in different layer stacks you
should also be careful interpreting the observed phenomena. The influence of additional layers on PL
spectra is demonstrated in this section for two simple systems.

The first one is a SiO2 layer on top of the 500 nm luminescent porous silicon layer. The following
plots show PL spectra computed for various SiO2 layer thicknesses:
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Peak position shifts of 40 nm (0.05 eV) and heigth differences of up to 25% occur, with identical
internal electronic transitions! It is stressed once more that these spectra do not exhibit the origin of
these differences clearly. On the other hand, thick SiO2 layers show pronounced interference fringes:
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Metallic top layers have a quite different influence on the PL output. Here the case of a silver layer is
considered. Like most metals, Ag is highly reflective in the infrared and (again, more or less)
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transparent in the UV. Hence the exciting high energy photons are transmitted to the underlying
luminescent layers but the re-emitted luminescent radiation is blocked efficiently in the infrared and
red spectral range. This results in a significant blue shift of the PL spectrum (although in all cases
the internal electronic transitions are the same):
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447 Electroluminescence

4.4.71 EL overview

1000

Electroluminescence spectra can be computed in SCOUT using objects of type 'EL spectrum'in the
list of spectra. These objects are very similar to photoluminescence objects (please read the section
above about photoluminescence). The main window is the following:
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5 EL spectrum
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In contrast to photoluminescence objects there is no section about excitation, of course. The button
Distribution opens a subwindow which defines the spatial distribution of the light emission within the

electroluminescent layer:

5. EL spectrum: Emitter distribution
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The x-axis displays the relative position within the active layer: 0 is the bottom, 1 the top of the layer.
In the edit box called 'Y(XY)' on the top of the window you can enter a formula for the distribution.
Press Go to compute the data using the entered expression. Within the formula, you can refer to up
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to 6 constants (called C1 to C6). Using the Parameters command you can assign names to these
constants:

Formula parameters |§|

Yalues M ames

C1 |I:enter

C2 | 0.000000 Manarne

C3 | 0000000 [Maname

C4 | 0000000 Manarne

L5 | 0.000000 [Manare

CE | 0.000000 Manarne
QK Cancel

The parameters C1 ... C6 will appear as fit parameters in the list of fit parameters.

Alternatively to the computation using a formula, you can import a fixed distribution of light emitters
from the workbook or using the Import command.

4.4.7.2 EL example

Here is a simple EL example. The emitting layer is a porous silicon layer on a silicon wafer, covered
with a thin gold film.

The internal emission spectrum is modeled by a single Kim oscillator with the following parameters:

ot accillato

Resonance frequency | 15000.0
Oscillakar strength | 100000
Darnpinig | 3000, 000
Gauss-Larentz-switch | 0.016
Mame 1

O Cancel | Help

This leads to the following spectrum:

© 2019 Wolfgang Theiss



SCOUT technical manual The optical model 162

b
LA

g
=]
1

1.5

Internal efficiency [a.u.]

1.0

0.5

0.0 . . . :
500 600 700 300 900 1000

Wavelength [nm]

In order to make clear how the EL computation in SCOUT works, we will build up the stack step by
step. Let's start with a single light-emitting thin film in between two halfspaces. All materials are
vacuum - this is not really realistic, of course, but we can see the pure emission without any
reflectance effects at the interfaces between the layers.

The depth distribution of the light emission within the EL active layer is sampled with 50 points - i.e.
there are 50 light sources in the emitting layer, placed at equidistant positions. The light sources can
have a depth-dependent strength of emission which is taken from a user-defined depth distribution.
Click on the Distribution button to see this function. Let's start with the simple assumption that the
light emission is distributed equally within the active layer, i.e. all points contribute with weight 1:
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B FL spectrum: Emitter distribution
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The EL spectrum computation now takes all the 50 points, sums up the output for each one and
divides by the number of points.In the present case the outcome on the reflectance side of the
sample is the original internal emission spectrum:
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We assume now that the EL emission is not homogeneously distributed within the layer stack but
has the following depth profile:
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B FL spectrum: Emitter distribution
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The parameter C1 in the formula allows to move the peak from the top to the bottom of the layer. You
can do that, for example, with a slider (horizontal or vertical bar object) in a view. The parameters C1
to C6 of the user-defined distribution formula will appear as possible fit parameters in SCOUT.

The emitted spectrum is now the following:
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The average emission probability of the 50 points is now much less than 1 - hence the emission is
much lower now.

Note that the EL emission into a certain observation direction is computed adding up two
contributions: One is the internal emission that aims directly into the wanted external direction
(taking into account the change of direction due to refraction at the interfaces). The second one is
the emission into the direction which is reflected into the wanted direction by the backside of the
emitting layer. This second contribution should contribute to the spectrum if we place a silicon wafer
below the emitting layer. The next graph compares the previous spectrum (vacuum backside,red
cune) with the one obtained with a silicon wafer substrate (blue):
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Well, in some spectral regions the backside reflected contribution leads really to an increase in EL
emission, but in the main peak there is less light observed with silicon substrate. Assuming that the
light emission is coherent in all directions, SCOUT superimposese the two contributions discussed
abowe fully coherent. This leads to interference patterns in the spectra which strongly depend on the
thickness of the EL emitting layer. Here is the result for a thinner emitting layer:
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We can now replace the material 'Vacuum' of the active layer by porous silicon. The emission
spectrum changes to the following:
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Finally we add the gold layer on top which reduces the emission significantly:
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Placing some sliders in the main view gives you some freedom to manually change parameters:
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Note that interference effects strongly modify the shape of the EL spectrum. The observed peaks

cannot be directly interpreted as internal emission channels.

448 Angle scan

With objects of this type you can compute the angular dependence of spectral values (reflectance,
transmittance, 1-R-T) for a single spectral point (like a certain wawelength, for example). If you have
measured data obtained by a goniometer system, you can fit them like with spectral data as

discussed above.

The example below shows the reflectance vs. angle for silicon in p-polarization, featuring vanishing
reflectance at the Brewster angle:
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1.0
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0.7 1
0.6
0.5 A
0.4 A
0.3
0.2 A
0.1 A
0.0

Reflectance
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Angle [°]

Deviation 0.0883235 Weight formula:

Penalty shape:

449 XRR

XRR objects are made to compute and fit X-ray reflectivity curves. XRR 'spectra’ sometimes provide
very useful thin film information, in addition to optical spectra. Analyzing interference patterns in the
X-ray regime is simple and safe because the real part of the refractive index is almost identical to 1.
In order to combine optical analysis and XRR analysis in SCOUT or CODE you need to work with at
least 2 layer stacks: one for XRR and a second one for the optical spectra. Layer thickness values
must be synchronized using master parameters.

Defining optical constants for XRR computations means to set the real part of the complex refractive
index to a value a little below 1, and the imaginary part to a very small positive value. The easiest
way to do this is to use a susceptibility of type 'Formula for n and k' and fill in expressions like the
ones shown below:
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(Formula for n and k)

-

==

Realpart  |1-c1/1000000

Imag. part  C2/1000000

IUse X' to refer to the wavenumber in the formula

1 7.8382 3 0.0000 £5 0.0000
2 0.1159 ca 0.0000 cs 0.0000
MName
QK ] | Cancel | | Help

Since these 'optical constants' are used for a single energy only, it does not matter which spectral
range you select for their computation.

The Range command of XRR objects lets you define the energy of the X-ray experiment in eV.

As a first simple XRR example the screenshot below shows XRR data of a SCOUT model for silicon
(in blue) compared to measured data in red:
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" CODE C:\Firma\Kunden'Unishaach entiphyslatxrr\silicon.sc2
Update Objects
Workbook ~ View

File Presentation Range

Meathod  Import  Start Export

Start Stop  Fit parameterset  Actions

XRR

Tools

[F=8 EoR =)

Snapshot history 7

Menn H

Snapshot  Last snapshot

107
106
103

10

Modified Reflectance

103
102

10!

10° T T
0.5

Salected graph: R A E 4 LI
XRR Fl P4

3
+

2.5

2.0 3.0

Angle [°]

No sampls ID Deviation: 0.0004151 Acceptible

Here is a thickness fit of a SiO2 layer on silicon:
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" CODE C:\Firma\Kunden'Unishaach en\iphyslatxrroxide.sc2 EI @

File Presentation WUpdate Objects Range 5Start Stop Fit parameterset  Actions Tools Snapshot Lastsnapshot Snapshot history 7
Mathod  Import Stat Export Workbook Wiew Meme

XRR

107
106
103

10

Modified Reflectance

103

102

10!

100 I I I I I
0.5 1.0 1.5 2.0 2.5 3.0

Angle [°]

Selected graph: R AE Ll B b No sampls ID Deviation: 0.0129075 Rajected
XRR 0.717,116.5 ] K r

A thicker layer on silicon shows a typical problem at larger angles - the simulation is too high:
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" CODE samplel.sc2 [ro| - | ]
File Presentation WUpdate Objects Range 5Start Stop Fit parameterset  Actions Tools Snapshot Lastsnapshot Snapshot history 7
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Introducing a slight surface roughness helps to improve the agreement of model and measurement:
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" CODE CAFirma‘\Kunden\Unis\aachen\iphysla'xr\samplel _roughness.sc2 EI@
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5.2

Parameter fitting

Parameter fit overview

After the definition of the optical model (i.e. materials, the layer stacks and the spectra including the
import of the experimental data) the parameters that are going to be varied in order to optimize the
agreement of model and measured data must be selected from all model parameters. These chosen
parameters are called the fit parameters. The agreement of model and measured data is given by the
so-called fit deviation. Based on the fit deviation you can classify the agreement between model and
experiment. This rating is described below.

Fit parameters are managed in the list of fit parameters (opened by a right-click of the corresponding
treeview item).

In order to inspect the influence of a parameter on the computed spectra the actions called
Parameter variation and Parameter fluctuation are very useful. These are described in the section
about the SCOUT workbook.

Fit parameters, sliders and 'fit on a grid’

In the main window of SCOUT, switch with F7 to the treeview level and right-click the branch Fit
parameters to open the list of fit parameters. At program start the list is empty. New parameters
can be added using a dialog or by drag&drop from other lists of SCOUT.

Selecting fit parameters using the Fit parameter selection dialog
The New command (or the button labeled '+') of the fit parameter list opens a dialog with a list of all

possible fit parameters from which you have to select. Dielectric function parameters (like resonance
frequencies of oscillators or wolume fractions of effective medium models), layer parameters such as
thicknesses, fit parameters of the computed optical spectra (angle of incidence or constants that
appear in modification formula) and master parameters are listed as follows:

= Fit parameter selection _ O]
.

i functions
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As indicated, you can select many parameters simultaneously by pressing the Ctrl-key while
clicking on the various lines. Clicking an already selected line 'unselects' it. Only those lines
beginning with ">' represent fit parameters. The other lines contain guiding information only.

Selecting fit parameters by drag&drop

Instead of using the fit parameter selection dialog, you can also select fit parameters by drag and

drop operations. You have the following possibilities:

¢ Drag a dielectric function from the dielectric function to the fit parameter list: All the parameters of
the dielectric function are added as fit parameters.

¢ Drag from a susceptibility of a dielectric function model to the fit parameter list: All the
susceptibility parameters are added as fit parameters. If you start the drag operation in a column
that represents a value of a parameter (these columns are labeled as 'value') only that particular fit
parameter is added.

¢ Drag a layer from the layer stack to the fit parameter list: All the parameters of that layer are
added.

¢ Drag a spectrum from the spectrum list to the fit parameter list: All the parameters of that
spectrum are added.

The fit parameter list
The chosen parameters are added at the end of the fit parameter list. This may look like this:

= Fit parameters _ O] x|
File Mew Edit Delete Update Slider Fitonagrid Limits from sliders 2
+ - -l 4+ B |
Walue Harme Wariation Lowr livnt  [High livat |Factor  |Digits
1.4736 Stack 1 Lawrer 2 Undoped silicon: Layer thickness | Grid (100 points) 0.0500 2.0000 1.0000 | 4

1

2| 0920853 IR. Reflectance Fartor Diovgmhill sivaplex | 0950000 | 1.050000 1.0000
3| 12836020 Doped silicon:Cariers: plasta fi Dioambill sivaplex | 0.0000 0.0000 1.0000
41 637.0327 ] Dioambill sivaplex | 0.0000 0.0000 1.0000

FoN S

The name column gives the fit parameter's name. Since the names of fit parameters assigned
automatically by SCOUT are sometimes quite lengthy you can overwrite the current name with your
own. Just type in the new name. However, be sure to remember which parameter it really is. At
present, there is no way to get back to the automaticly assigned name. In case you forgot what the
parameter means, you have to delete it and create it new.

The Value column displays the current value of the parameter. If you would like to set bounds for the
fit parameter value you can set an interval of allowed values using the Low limit and High limit
values. The default values for Low limit and High limit are both zero, i.e. there is no variation at all.
You have to set reasonable values manually with one exception: Starting with object generation 4.77
you can set Low limit and High limit automatically for thickness values when you create new fit
parameters. Use the menu command File/Options/Fit to open this dialog which lets you set various
parameters that control parameter fits:
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Fit dialog (23]

Fit routine parameters

Script to be executed before the fit starts:

Grid fit
multidimensional
export data
User-defined number of grid points n: 200

Fit parameters sets
Time interval for chedking change: 2000 ms

Time threshold when not fit parameter sets are used: 0.00000 g
Maximum number of iterations when no fit parameter sets are used: 0

Mumber of re-starts after fit has finished: i
Tolerance threshold for finishing downhill simplex optimization:  0.0000 1000

'Honey mode' mobility: 0.02000000 |V |Use this value for all parameters

Fit spectra, ignoring integral guantity optimization Automatic substrate update
Export rounded parameter values in OLE automation do it!

Do not re-compute optical functions while fitting i

Do not re-compute integral guantities while fitting (CCODE only) /| delete historic data
Combine fit deviation of integral quantities and spectra (CODE only) Keeplast 100 files
|Use pre-fit parameter sets

Apply factor in fit parameter transfers Initial slider range for thickness values: +/- 3.0 %

In the lower right corner you can set automatic limits for new thickness fit parameters. The value of
the slider range is saved as a global default values in the default_values.ini file. It is not part of a
specific configuration file but valid globally for all your work. The values is loaded when you start
SCOUT, and saved when you shut down the program.

As Factor you can enter a number which is used to multiply the original value of the parameter: You
can use this factor to scale up or down a parameter. If, for example, a thickness is given in
micrometer you can multiply it by 1000 in order to see the value of the thickness in nm. If you
change the factor, the current values of Low limit and High limit are multiplied by the factor as well.
Finally Digits specifies the number decimals used to display the current value of the parameter.

The Variation column allows to switch between different optimization options. In order to change the
current option place the cursor on the cell and press the F5 key on your keyboard several times. By
this action, you cycle through the available options. Stop where you want to stop. Pressing F4 you
cycle backwards. At present, the following options are implemented in SCOUT:

Downhill simplex The parameter is optimized in the automatic fit
according to the downhill simplexscheme which is
used at present as optimization technique in
SCOUT.

Frozen The parameter is not varied at all. This can be
used, if you want to keep the parameter's value
fixed for the moment but you may need it soon
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again. In this case, you don't delete the parameter
but set is variation option to 'Frozen'.

Grid (100 points) If the variation option of a parameter is set to 'Grid
(x points)' SCOUT will try x values of the parameter
equally distributed in the range between Low limit
and High limit before the automatic fit applying the
downhill method is performed. For each value the
model is re-computed, and the parameter value with
the lowest deviation (i.e. difference between model
and measurement) is taken as starting value for the
automatic fit.

If several fit parameters are to be varied on a grid of
test values, the option 'Multidimensional grid

fit' (please check or un-check this option using the
menu command 'File|Options|Fit|Multidimensional
grid fit' in the main window) determines how the
computations are performed.

Multidimensional grid fit switched off;
SCOUT will do one-dimensional grid
variations in the sequence given by the fit
parameter list, starting at the top. Note,
that the result for the parameters' starting
values will depend on the sequence.
Hence, the choice of the grid variation
must be done carefully.

Multidimensional grid fit switched on:
SCOUT will collect all fit parameters for
which a grid variation is set in the variation
column, and do a multidimensional grid fit
taking into account all possible
combinations of parameter values. Note
that the amount of computational work
can be huge: If you select 4 parameters
with 100 grid values for each of them,
there are 100000000 re-computations of
the optical model to be done.
With multidimensional grid fit switched on,
you can systematically scan a parameter
space in several dimensions and hope to
find the absolute minimum of the fit
deviation. Setting the option 'File|Options|
Fit|Export multidimensional grid fit data’
you can log the fit deviation. For each
point which is tried in the grid fit
procedure the parameter values and the
corresponding fit deviation is written to a
text file. The filename is specified when
you start the fit. The content of the text
file can later be used to visualize the
'‘parameter landscape' which might be
helpful in finding promising parameter
values.
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Grid (50 points) see abowve
Grid (20 points) see abowve
Grid (10 points) see abowve
Grid (n points) This grid fit uses a number of grid points that can

be set by the user. You can define the number
executing the menu item File/Options/Fit. The
dialog that appears lets you enter a value for n in
the section 'Grid fit'. There is a single number only -
you cannot define different values for different fit
parameters.

Start at low limit Takes the lower limit of the parameter interval as
start value for this parameter. Then continues like
'Downhill simplex' as explained abowe.

Start at interval center Takes the center value of the parameter interval as
start value for this parameter. Then continues like
'Downhill simplex' as explained abowe.

Start at high limit Takes the upper limit of the parameter interval as
start value for this parameter. Then continues like
'Downhill simplex' as explained abowe.

Empty cell Here you can enter a formula to compute the
value of the fit parameter. In the formula, you
can refer to the values of the master
parameters (see below). This way you can
introduce relations between parameters, or
control several parameters of the model by
one master parameter. If you know, for
example, how the parameters of your optical
constant models depend on temperature, you
could introduce the temperature as master
parameter and update the optical constants
while the temperature is fitted.

Honey mode The purpose of this variation mode is to
enable fitting with small variations around the
current parameter values. It works like the
downhill simplex mode with automatic
limitation of the parameter range. When the fit
is started the parameter automatically gets a
low and high limit, based on the actual value
pO0 of the parameter. The range is controlled
by a value called 'Honey mode mobility' - a
value of 0.02 means that
the high limit is 1.02*p0 and the low limit is
0.98*p0. These limits are active as long as
the fit runs. If you press 'Stop' and then 'Start'
again, then new limits are computed.
You can set values for 'Honey mode mobility’
for each fit parameter individually
(use the local menu command "Honey mode
mobility" of the fit parameter list).
Alternatively, you can also set a global value
for all parameters in the main menu with
"File/Options/Fit": Set the value and activate
the checkbox for global use of this parameter.
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The following example shows a frozen fit parameter and a factor different from 1.0:

S Fit parameters M=

File Mew Edit Delete Update Slider Fitongrid  Limits from gliders 2

+ = = 'R E |
Value fati Lowlirit  [Highlimit [Factor  [Digits

1 1444
0930528

50 2000 | 1000.0000 0
0950000 | 1.030000 | 1.0000 | 6

(%]

Set fit parameters manually
You can do a 'manual fit' by typing new values for the fit parameters and selecting Update in the

menu. This activates a new computation of the dielectric functions and all computed spectra as well
as an update of all windows. This way you can immediately inspect how your changes influence the
results.

Visual parameter variation: Sliders
A much more elegant way to visualize the parameter influence on the spectra is the use of sliders.

Select a fit parameter in the list and click on the Slider menu item. This way a new window is
created and displayed on the screen that allows you to 'mowe' a parameter value with the mouse and
see instant updates of the model spectra:

Stack 1 Layer 10 SnOx model: Layer thickness

23
0.0 35.3 60.0 + 30

L] 3 Apply action ta all sliders

In the top of the window there are three values: The left and the right define the interval of the slider,
the center one (in blue) is the actual value of the fit parameter. When the slider window is created the
first time the slider range is the fit parameter interval Low limit ... High limit if you defined one. If
you did not set a fixed interval for a fit parameter the initial range of the slider is 80 ... 120% of the
current parameter value.

At any time you can overwrite the slider range by typing in new values for the left and right limit. If the
slider position reaches the left limit, for example, you can also press the arrow labeled '<' to the left.
This centers the limits around the actual parameter value. This operation can be used to work in a
large parameter space without switching between mouse and keyboard. It works in the analogous
way on the right side of the parameter range.

Pressing the button labeled '<>' expands the current parameter range by a factor of 2 and centers
around the current value. The "><' button reduces the range to 50% and centers around the current
parameter value.

In the upper right corner you can set slider limits in other ways: Clicking the % button sets the left
limit to 97% and the right value to 103% of the current value. A click on the Absolute button set the
limits to (current value - 3) and (current value + 3) (nm in this case). If you activate the checkbox
Apply action to all sliders and click the % or Absolute buttons then all sliders get the
corresponding limits.

In addition to the Slider menu command you can also click on the fit parameter with the right mouse
button to create the corresponding slider. You can open as many slider windows as you like if you
want to investigate many parameters at a time. You can create regular blocks of slider windows by
Drag&Drop: Create the first slider the regular way (as described abowe). To place a second slider
window below the first one, 'drag' a fit parameter from the fit parameter list to the already existing
slider and release the mouse cursor in the left half of the slider window. A new slider is created and
placed directly below the first one:
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' CODE MySQL import: Double silver 15U
Objects Start  Stop
Worlbook  View

File Presentation Update Range
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If you release the mouse button in the right half of an existing slider the new slider window is created

to the right of the existing one:

sthod Import Start  Export Workbook  View [E]
P
Stack1 Layer 10 5nOx model: Layer thickness ] | SnO2 thickness =|
00 353 £0.0 30 00 68.5 100.0 - 30
. » | pely action to al siders F | « » [ el action o ol siders F |
285 am
Zn0 model
Optical properties and related technical data of a 53 nm 1.0
. Ar .
low-e coating on glass: i
o 0.9 — T—
NiCr blocker . e FF (simulatad)
Move the sliders below to change =BT 0.8 poeee
e . | fmenam i _|

If you have several sliders scattered around on your desktop you can select one which should be the
top slider of a new block and then click the F button: The other sliders will be positioned underneath

the first 'master slider.

Special slider features:

e You can create a slider by dragging a fit parameter from the fit parameter list to a spectrum
simulation window. In this case the upper left corner of the new slider window is at the mouse

cursor position.

¢ You can drag any susceptibility parameter that appears in a susceptibility list of a dielectric
function window to a spectrum simulation window. The parameter is added as fit parameter to the

fit parameter list and a new slider is created at the cursor position.

¢ You can transfer the fit parameter ranges that you specified in the sliders to the fit parameter list

by the menu command 'Limits from sliders'.

Fit one parameter on a grid

The command Fit on grid can be used to optimize one of the fit parameters on a grid of test values.
To do so, select the fit parameter that you want to optimize in the list. Specify a parameter range by
setting the low limit and the high limit for this fit parameter appropriately. Then apply one of the
commands Fit on gridjwith 10 points, Fit on gridjwith 20 points, Fit on gridlwith 50 points or
Fit on gridjwith 100 points. Now SCOUT scans the parameter range using the given number of
points and returns the best value of the fit parameter on that grid.
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5.3

54

The command Fit on grid|Do all grid fits will start the grid optimization taking into account all fit
parameters for which a grid fit has been selected in the variation column.

This 'fit on a grid' is good for a rough parameter pre-selection, for example for finding film thicknesses
in the case of interference patterns. Afterwards you should use the automatic fit for further
optimization of the model.

The submenu "Actions"

This selection of commands offers some shortcuts that turned out to be practical:

Set all to 'Frozen': Sets all fit parameters to the state 'frozen’

Set all to 'Downhill simplex": Sets all fit parameters to the state 'Downhill simplex'

Set all to 'Honey mode'": Sets all fit parameters to the state 'Honey mode'

Set active material: Here the user can enter the name of a material which is then marked as 'active

material' for the actions below

o Select all parameters: Take all possible fit parameters of the active material and select them as fit
parameters

e Select oscillators: Selects all oscillator parameters of the active material as fit parameters. This is
useful while adjusting models for organic materials in the infrared which may may have many
oscillators. Manual parameter selection is tedious in such a case. Please note that for Kim
oscillators (which are very much recommended) the parameter 'Gauss-Lorentz switch' is not
selected since we found that in almost all cases absorption bands have a Gaussian line shape
which is the default setting of Kim oscillators.

e Select oscillator strengths: Selects all oscillator strengths of the active material as fit parameters

Master parameters

With the command Objects|Master parameters (in the main window of SCOUT) you can open the
list of so-called master parameters which collects parameters that can be used to control other
parameters of the model. Master parameters have a name, a value and a number of decimals. The
following restrictions apply to the name: It must not contain any spaces and its length must be below
30 characters. As all other parameters, master parameters can be fit parameters. Just drag them to
the fit parameter list or select them in the 'Fit parameter selection' dialog.

Any fit parameter in the fit parameter list can be computed from the values of the master parameters.
In this case such a parameter is called slave parameter. To turn a fit parameter into a slave
parameter move the cursor to the column called Variation' which usually shows the 'Downhill
simplex'entry. Now press F4 and see that the cell content changes between 'Downhill simplex’,
'Frozen', various 'Grid' items and an empty content. Select the empty state and type in a formula
which may contain the names of the master parameters. This way the parameter is computed from
the master parameter values. It is not varied directly in the fit routine, and you cannot use a slider to
change its value.

Applying master and slave parameters you can describe a coupling between model parameters. If,
for example, the damping constant of a Drude model for free electrons in a thin metallic film depends
on the film thickness, you can define a master parameter called Thickness'. This master parameter
can control both the damping constant of the Drude model and the film thickness by appropriate
expressions in the list of fit parameters.

Fit parameter sets

In the main window of SCOUT you can load and store so-called 'fit parameter sets' which can be very
useful if you have to switch spectral ranges and selections of fit parameters quite often. Fit parameter
sets store the following:

¢ spectral ranges and graphics parameters of all model dielectric functions
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5.5

¢ spectral ranges and graphics parameters of all simulated spectra
¢ selection of fit parameters (including their variation options and ranges)

Note that actual values of fit parameters are not stored which means that their current values are
preserved when you change fit parameter sets.

The situation for which the application of fit parameter sets is recommended is the following: You
have to do the optical analysis for several samples. Some of the model parameters (e.g. oscillator
parameters) have influence on the spectra only in limited spectral ranges. You can work with groups
of parameters: Some are adjusted first in a certain spectral range, then others are optimized in a
second step (probably in a different spectral range), and so on. Finally, you may want to optimize all
relevant parameters in a large spectral range cowvering all the 'subranges’.

This procedure requires the execution of a lot of Range dialogs, fit parameter selections and
deletions. If you use master and slave parameters, you would have to type in the required formulas
for each sample again.

Here you can save a lot of typing work using fit parameter sets: As soon as you hawe set the
spectral ranges and fit parameters for the first group of parameters and the first set of
measurements, you should sawe the settings with the command Fit parameter set|Store in the
main window. When you need the same fit parameter selection the next time (for the second
sample), you just recall it by Fit parameter set|Load.

Fit parameter sets can be loaded and used in OLE automation applications. Examples will be
discussed in one of the tutorials.

In combination with automatic parameter fitting you can automatically apply sequences of fit
parameter sets. See the section about automatic fitting.

Automatic fitting

After you have found reasonable start values for the fit parameters by manual or visual variation you
can activate the automatic fit by Start in the main window. The automatic parameter variation uses
the methods described below to optimize the fit parameters, i.e. to minimize the deviation. Whenever
the model improves you'll get an update of the status bar at the bottom of the main window. If you
have defined a view in the main window it will be re-drawn based on the improved model. In addition,
all open dielectric function and spectrum windows are updated to keep you informed about the
progress of the model.

With Stop you stop the fit activity. It is also possible that the fit algorithm automatically decides to
stop the fit. This occurs if there seems to be no progress any more.

Alternatively to the Start and Stop menu commands you can use the Start button in the toolbar.
This must be used if the menu has been hidden. After the fit has been started the button turns into a
Stop button which can be used for manually stopping the fit activity.

Pre-fit parameters
The mechanism of a quick pre-fit has been introduced with object generation 3.90. You can define

several sets of parameters (called pre-fit sets) which are tried before the actual automatic fitting is
started. The parameter values of the best fitting pre-fit set are then used as starting values for the
automatic fit.

Pre-fit sets are created and selected using 4 buttons with red labels on the panel above the fit
parameter grid:
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1lOptics\spectroscopy\spectroscopy_by_modeling\fit_example.wcd
R —

Workbook  View

Fit parameters
+ - - All 4 ¥ Pre-fit set (2/5) Hew Delete  Previous Mext B
Value Name Variation Low limit  High limit Factor  Digits
1 [ Si0%:OJL: Mass Downhill simplex ~ 0.0000  10.0000 10000 4
2 16000.0000 S5i0x0IL: E0 Downhill simplex  10000.0000 500000000 10000 4

1000.0000 5i0x:0JL: gamma v Downhill simplex  100.0000 30000000 10000 4

3
< 2fi SiOxRefoimdex  Downhilsimpler 1.0000000 50000000 10000 7
J

03000 Stack 1 Layer 2 8i0Ow: Laver thickness Downhill simplex  0.1000 0.8000 1.0000 4

takes the current fit parameter values and stores them as additional pre-fit set.
deletes the selected pre-fit set (which is indicated by the label 'Pre-fit set (2/6)')
selects the previous set. If the current set is the first, the last set is selected.
selects the next set. If the current set is the last, the first set is loaded.

Pre-fit sets are stored in configuration files.
Pre-fit sets are also stored in fit parameter set files.

List of fit parameter sets
Quite advanced fitting algorithms are possible using a sequence of fit parameter sets. These can be

defined in the list of fit parameters sets which is opened by right-clicking the wanted element in the
treeview branch Fit parameters sets in the main window. A list may look like this:

= Fit parameter sets O] x|

File Mew Edt Delete Update 7

+ - 49 B
Harne Time Dendation |Tolerance  |Filenare

1 |Large wavermmbers 500 | 00000010 00000100 |pid22 e fp
500 | 00000010 00000100 |pid22 1sfp
10.00 | 0.0000010 0.0000100 | pud22 full fj

Each fit parameter set has a user-defined Name to characterize it, a Time threshold (specified in
seconds), a Deviation threshold, and a Tolerance threshold. The file containing the fit parameter
set must be given by Filename. All fit parameter set files must be stored in the directory where the
loaded SCOUT configuration file is located. Fit parameter set files are created using the Fit
parameter set|Store commmand in the main window (see abowe).

SCOUT loads each set in the list and fits until the user-defined time threshold or the user-defined
deviation threshold is reached. The third quantity that determines the termination of the automatic
fitting is the tolerance which is an internal quantity of the downhill simplex method used to optimize
the parameters (see below).

Then the next fit parameter set is loaded until the end of the list is reached.
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5.6

5.7
571

Downhill simplex method
The automatic parameter fit for each fit parameter set is done by a routine that makes use of the so-

called downhill simplex algorithm. This method is a simple, but stable algorithm to minimize a
function (the fit deviation) that depends on many parameters. See [Press 1992] for a detailed
description.

In almost all cases this method will find the next local minimum of the fit deviation. There is no
guarantee, that this is the global minimum as well. It is the responsibility of the SCOUT user, i.e.
you, to select good starting values close to the global minimum, or at least to inspect the final
SCOUT solution carefully. In many cases you can achieve a very good fit performance by finding
the right sequence of fit parameter sets and making use of 'fit on a grid' steps.

Automatic processing of many samples: Batch fit
In cases where an automatic fitting scheme is found, you can apply it to a sequence of input

spectra. This SCOUT feature is described below.

Rating

The quality of the agreement between the simulated and measured spectra is given by the fit
deviation. If you want to work with a coarse classification of the fit quality you can compute and
display rating information.

SCOUT has five rating levels with the following default settings:

x

Raking setkings:

Level Threshold Description
0.0000100 Excellent
0,0001000 Good
0.0010000 Acceptible
0.0100000 EBad
0.1000000 Rejecked

Ly I S L

Rating information is displayed

For each level you can set the treshold and the descriptional text using the corresponding menu
commands. In the options menu there is also a switch to turn rating on or off. If rating is switched on
you can display the current result in a view using a view object of type 'Rating view'.

If you want to work with less than 5 rating levels you can set the threshold values for several levels to
the same value. This way you can realize a simple 'good/bad' information, for example. However, you
cannot have more than 5 rating levels at present.

Batch fit
Overview

If a fitting strategy has been deweloped that allows a completely automatic processing of input
spectra you can make use of the batch fit feature of SCOUT. You hawe to enter the files to be
processed into an appropriate table (which is created for you automatically), start the batch operation
and wait. In the end you will receive a table with the results.

To do a batch fit, you have to prepare the tables, activate the automatic batch fit, and inspect and
sawe the final results. These steps are explained in the following.
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5.7.2 Preparation of the tables

The fastest way to get going is this:

1.

It is assumed that you have a well-tested SCOUT model that can automatically handle the input
spectra you want to analyze. Start SCOUT and load the corresponding configuration. Here is a
simple example used to determine the thickness of an epitaxial silicon layer:

[

SCOUT C:‘demohscoutiepi_layer_analysi

2

Fil= Update DObjectz Bange Stat Stop  Fit parameter set Actions 7

Import  Start Export  Workbook

=10 %]
Merm E ‘

I Theiss
Hard- and

Sofbware

Iy LAY,

]

1400 oo im0

o avgduesker || ice]

| Devistion: 00058422

2

Use the Import button in the toolbar of the main window of SCOUT. You are asked to select
measured data for all spectra in the list of spectra, one after the other. Our simple example has only
one spectrum, so we have to import one spectrum only:

IR Reflectance data import EiE

Suchen in: I =3 epi_layer_analysis

= &l g s=E

= test] spe

D ateinanne:

Itest2. TpC

Offren I

Dateityp: ISpectlaCalc format

[ Mit Schisibschutz dffnen

j Abbrechen |

3. Open the batch control window by Actions|Show batch control in the main window of SCOUT.
The batch control window is very similar to the workbook. It has three worksheets named Results,

Input options and Prefit:
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S SCOUT batch Fit control _ O] ]

FElle Copy Paste Autosize cells

Frepare Gol

Achions

| oa |

1
.
3
4
5
G
Fi
i

4| v [\ Results A Input optiong] 4| |

uil

4. Execute the Prepare/New batch fit menu command. The tables are now filled as far as it is

possible. The results page now looks like this:

S SCOUT batch fit control

File Copy Paste Autosize celle Prepare Gol

Actions

I (=] S

|IF| Feflectance: Factor

A

Sample
Marne
Pararmeter

Spectra
IR Reflactance

S5 | == | S | | | [ P |

Fit
9 |Pre-fit et
Fit deviation

Farameters

Stack 1 Laver 2 Undoped silicon: Layer thickness

IR Reflectance: Factor

1[[* [\ Results A Tnpit options /s Prefit 7

KN

5

5

Before we enter items on the 'Results’ page, we have to set some input options on the 'Input options'

worksheet:

S SCOUT batch fit control

File Copy Paste Autosize cell: Prepare Gol  Actions

ISi[=1E3

A [ B

| € |

p | E | F

Spectrum Fath
IR Reflectance Chdemo\scoutiepi_layer_analysis\

1
2
3
4

Input farmat | Input option Extension

4

4| » [\ Results A Input options A Pre-it 7

RN

spc

For each spectrum in the SCOUT spectrum list you can set the path where the measured spectra
are located. In the column 'Input format' you identify the file format by an integer number. Use one of

the following:

© 2019 Wolfgang Theiss



SCOUT technical manual

Parameter fitting

1: SCOUT standard format

2:  xy-format

3:  JCAMP format

4: SpectraCalc (GRAMS) format
5. Perkin-Elmer format

6: Zeiss format

7

1

: Opus format
4: Hunterlab UltraScan

188

Some files (stored e.g. in the SCOUT standard format, the xy-format, the SpectraCalc and the
HunterLab UltraScan format) may contain multiple spectra in one file. In this case the 'Input option'
column gives the number of the spectrum in the file. The files are counted 1,2,3, ...

If the data files all have the same file extension it is convenient to place it into the 'Extension’

column. If not, leave this column empty.

6.
Now go back to the 'Results' page:

S SCOUT batch fit control O] x|
Fil= Copy Paszte putogize cell: Prepare Gol  Actions
| 214 |IH Reflectance:Factor |
A | [ c [~

1 |Sample |

2 |Mame

3 |Parameter

4

5 |Spectrs

b |IR Reflectance

i

8 |Fi

9  |Pre-fit set

10 |Fit deviation

1

12 |Parameters

13 |Stack 1 Layer 2 Undoped silicon: Laver thickness

14 |IR Reflectance:Factor |

15 -
4| ¥ [% Resulis A Input options /A Pre-iit £ Ll_‘

Now it's time to enter the input data for the batch operation. You hawe to fill in items in the rows with
black text. For each sample to be investigated you must specify a name. SCOUT will do batch fit

from left to right and stop when it finds the first empty 'Name' cell.

For each sample you can specify a numerical parameter in the 'Parameter' row, but you don't have

to. If you like to you can change the text 'Parameter’' to something more specific. Here we take as an
example the quantity 'Deposition time'.
Finally you have to enter a filename in the row labeled 'IR Reflectance'. If you have specified an input
path and an extension in the 'Input options' worksheet, you can just put the pure filenames here. As
an example, the table could now look like this:
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S SCOUT bateh fit control 9 [=] B3

File Copy Paste Autosize cell: Prepare Gol  Aclions

A [ B [ ¢ [ o [ E [ F

L |-

Marme ABZ34-R ABZA4-R ABZIE-R  ABZ230-R
Deposition time 1200 GO0 200 100

Spectra
IR Reflectance testl test2 testd testd

SO == | O | | e (L | D | =

Fit
9 |Pre-fit set
10 |Fit deviation

12 |Parameters

13 |Stack 1 Layer ¥ Undoped silicon: Layer thickness I _l
14 |[IR Reflectance:Factor

15 -
A *[s Results A Tnput options A Pre-iit /. N LIJ

If you have many filenames to enter, you can escape the typing work by using one of the following
commands:

Place the cursor in the row of the spectrum for which you want to specify many input files, and
select the menu command Actions/Add multiple files. You will get a file import dialog
allowing you to select all files you want to process. Important for the right sequence of
filenames in the batch control sheet is that you first select the last file and then, holding the
Ctrl-key down, select the rest. If you have a continuous range of files in the dialog, select the
last one first, hold the Shift-key down and then select the first file. This action will select all
files between the last and the first. You can use wildcards like *R* in the filename editor in
order to pre-select the files you see in the dialog. After you have selected the files, the path in
the Input option page is adjusted if you have taken files from a different directory. It is a good
idea anyway to check the setting on the input option sheet before you proceed: Selecting files
with Add multiple files enters the full filenames including the file extension into the cells. In
this case you should drop any entry for Extension on the Input option sheet.

You have to repeat this step for all spectra for which you have to specify input files.

Scan directory: This command will fill-in filenames completely automatic - you just have to
specify a search directory. It can be used in situations where the filenames contain a text
fragment that can be used to identify the corresponding spectrum in the SCOUT configuration.
If, for example, there are reflectance and transmittance spectra in the search directory, and all
reflectance spectra contain the text fragment 'RF' and all the transmittance spectra filenames
contain 'T', you can call the reflectance spectrum in the optical model RF and the transmittance
spectrum T. SCOUT will then collect all files that can be found with the wildcard *RF*" as input
files for the spectrum RF, and all files that can be found with *T*' as input files for T.

7.
As a last preparational step you have to specify the so-called pre-fit sets which is done on the 'Pre-it’
worksheet:
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5.7.3

S SCOUT batch fit control M [=]E3
File Copy Paste Autosize cells Prepare Gol  Actions
| B |D.SSDB28‘I BEO07II6 J
A | B [ ¢ [ b [ =
1 |Parameter set name Set 1 ]
2
3 |Stack 1 Layer 2 Undoped silicon: Layer thickness  1.443773345
4  |IR Reflectance:Factor IDBBDBEBHEB!
5
R Jﬂ
1| » [ Results A Input aptions A Pre-fit / A 4

In the first column you see the name of the fit parameters. SCOUT has already created a second
column labeled 'Set 1'. If this worksheet has more than one column the following will happen: Before
the actual fit for a sample is started, SCOUT tries all parameter sets defined on this 'Pre-fit' page and
computes the fit deviation. The parameter set with the lowest deviation will be used to set the starting
values of the parameters.

This means: If you have only one set like now, the fit will definitely start with these numbers. If you
delete column B, the fit will start with its current fit parameters which may depend on the history of
the batch operation, in particular on the last sample. This may be a wanted feature or not. It's your
decision. If you specify more than one pre-fit set SCOUT will determine the best for each sample and
use it as starting values.

In the present demonstration, three sets are defined as follows:

S SCOUT batch fit control O] =]
File Copy Paste Autosize cells Prepare Gol  Achions

[ o J
A | B [ ¢ | b | =
1  |Parameter set name Set 1 Set 2 Set 3 L
2
3 [Stack 1 Layer 2 Undoped silicon: Layer thickness 1.5 0.g 0.3
4  |IR Reflectance:Factor 1 1| 1_|
5
R J;l
1| v [\ Results A Input options A Pre-fit# | 4

Be sure to have a name for each set. SCOUT iterates through all sets until the first empty name cell
is found.

8.
That's it! Return to the 'Results' page and save the settings for safety reasons with File|SaveAs
using the *.vts file format. It's now time to start the batch fit.

Go!

You are now ready for the batch fit operation - almost. It is a good idea to do a short test by placing
the cursor into one of the sample columns on the Results sheet and execute the menu command Fit
current sample. Instead of doing the batch fit for all entered samples, the analysis is done for the
selected sample only. This way you can test if the loading of the spectra and the fit routine works as
you think.

Execute the Go! command in the batch control window and watch the starting activity. SCOUT will
load the input spectra, indicate the sample under investigation in the top of the batch control window,
start the fit and enter the final result in the 'Results' page. If you have defined 'Optical functions' their
values are written to the batch control window underneath the results of the fit parameters.

The selected pre-fit set and the achieved fit deviation is entered as well:
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5.7.4

S SCOUT batch fit control O] x|
File Copy Paszte Autosize celle Prepare Gol  Actions
| E12 | |
A | B [ ¢ | b | E [ A

1 Sample |

2 |Mame AB234-R AB244-R ABZIG-R  ABZ3I0-R

3 |Deposition time 1200 &00 200 100

4

5 |Spectra

6 |IR Reflectance testl test? testd testd

Fi

8 |~

9  |Pre-fit set Set 1 Set 2 Set 3 Set 3

10 |Fit deviation 0 0058492 |0.01936596 00095141 |0.0089941

11

12 |FParameters 1

13 |Stack 1 Layer 2 Undoped silicon: Layer thickness 1.4437759 06777128 0.2213485 0.1075605

14 |IR Reflectance: Factaor 0.9308289 0957103 0.9720202|0.9539445 =
4| [ Results A Tnput options A Pre-it 7 N 3

You should now inspect the results a little closer.

Inspecting the results

The batch control window including all results can be saved with the SCOUT configuration. You can
select part of table with the mouse and use the Copy command to copy it to the clipboard. From
there you can import the data in other programs like Excel, Word, ... . Using the File|SaveAs
command you can also store the table directly in Excel 5.0 format.

Look at the values of the fit deviation and check if they are small enough.

You can have a quick look at the fit results using the command Actions|Loop through results. In

this case, starting with the first sample, the spectra and the obtained fit parameters are restored in

SCOUT which now shows the status after having processed this sample. A small dialog lets you

choose to continue with the next sample or quite the cycle through all fit results.

If you place the cursor in a sample's column, you can

¢ Actions|Load fit parameters into SCOUT: This loads the fit parameter values of this sample into
SCOUT. Alternatively you can execute this command by the speed button labeled as 'FP --> SC2'.

¢ Actions|Load spectra into SCOUT: This loads the input spectra of this sample into SCOUT
(Speed button: 'SP --> SC2').

¢ Restore SCOUT (spectra and parameters): This loads both the fit parameter values and the
spectra of this sample into SCOUT (Speed button: 'FP+SP --> SC2").

It may happen that one of the fits was bad and, after reloading the poor results, you can improve the
fit by some manual actions. In this case you can 'repair' the table and enter the improved values
using the command Actions|Enter fit parameters into table (or the speed button 'SC2 --> WB'). Of
course, the cursor must be in the column of the sample that has been revisited.
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6 Optical functions

Definition of optical functions

Starting with version 2.2 you can access information about objects using so-called 'Optical
functions'. Typical values are the refractive index of a material or reflectance and transmittance values
of spectra at certain spectral positions. 'Optical functions' are defined in the list of optical functions.
You can open this list in the main window with 'Objects|Optical functions"

% Optical functions |Z||E|Pg|
File Mew Edit Delete Update 7

BEy + - & ¥ [

Value Fumction | Decirals |

Using the '+' button you can create a new entry in this list:

= Optical functions
File MNew Edit Delete Update 7

BEy + - ¢4 [

Value Function | Decirals |
II— 2

In order to define a function enter an expression in the column 'Function'. If you press Update
SCOUT tries to evaluate the function (see below) and displays the result in the column 'Value' using
as many digits as you specify in the 'Decimals' column. If the function cannot be evaluated a zero is
returned.

Valid expressions

The expressions to be used to define optical functions are very simple: object name(argument). The
object name must be exactly the same as it appears in your SCOUT configuration. There must be no
space between the object's name and the argument. The argument is passed to the object which
returns the result - if possible. If you have to specify a spectral position in the argument you can use
all units that SCOUT knows, e€.g. nm, 1/cm or eV.

The search order for the object is the following
1. material list

2. layer stack list

3. spectra list

The CODE software which is based on SCOUT will search in the list of integral quantities as well.
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Creating optical functions by drag&drop

The easy way to generate optical functions is by drag&drop. Drag a material (here: Ag) from the list
of materials and drop it on the list of optical functions. The following items are generated
automatically:

o Optical functions
File Mew Edit

B +

Delete Update ¥

Function |Decimals
Loglrat 500 ron) 2
Lol at 500 oy 2
Lualpha at 500 nrn) 2

You can drag other objects like spectra (and integral quantities in CODE) as well to generate items
in the list of optical functions.

Where do optical functions appear?

e The values of all optical functions are written to the workbook after the Export command in the
main window.

e They are also listed in the Batch control window when the results for a sample are reported.

¢ The values of optical functions can be displayed in views.

¢ You can use optical functions in user-defined expressions using terms like 'of(i)' where i is the
index of the optical function to be addressed. The function call of(2) of the example above would
return the value 3.13.

¢ Optical functions can be used to compute results of a parameter variation object in the list of
special computations.

¢ Optical functions can be used to compute final numbers.
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6.1 Materials

Materials can handle the following arguments:

Function Meaning
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6.2 Layer stacks

Layer stacks respond to the following arguments:

Function Meaning

6.3 Spectra

Spectrum objects can compute the following quantities:

Function Meaning
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Function Meaning
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Function Meaning
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6.4 Special computations

Color box objects:

Function Meaning

Parameter variation objects:

Function Meaning

6.5 Spectrometers

Spectrometer objects know the following functions:

Function Meaning

Traverse objects return their current position, answering to the following function calls:

Function Meaning

WOSP color sensor objects deliver the following functions:
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6.6 Workbook and batch control

Function

Using the object names 'workbook' and 'batch control' you can retrieve values computed by the
workbook or the batch control window. At the moment the following functions are available:

Function
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Special computations

Starting in the main window of SCOUT, the menu command Objects|Special computations opens
the list of special computation objects. These objects perform (sometimes lengthy) computations
that are not wanted with every update of the model.

. Special computations |._||E|[z|
File Mew Edit Delete Update Caolor 7

=+ |C|:|]J:|rh|:|x jﬁ— 4 ¥ E

Harne |T3rpe |
1 |Feflectance color bhox Color box
2 [Transmittance color box Caolor box

The Edit command shows the current object's parameter dialog, Update forces a re-computation of
the object's data. If an object of this type is displayed in a view, a click on the display also starts the
re-computation of the data.

At present the following special computation objects are available:

ColorBox
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71

ColorBox

This object computes the variation of the color coordinates a* and b* due to thickness fluctuations.
The parameters of the computation (obtained with the Edit command) are the following:

Cloud 3
Computation
Spectrum: K -
Mumber of fluctuations: 30

Automatic re-computation

Compute average spectrum

Target box
Dizplay target box

a* min: -2,0000 R 255

a* max: 2,0000
3 255

* min: -2,0000
b* min 5 255

b* max;: 2.0000

Background
Dizgplay color background

Intervals a* axis: 30 Intervals b* axis 30

Display data

o] [

Select the spectrum the color of which you want to investigate and enter the number of iterations that
are to be used in the computations - in this case you will get 100 values for a* and b*. If you activate
the checkbox Automatic re-computation all 100 values are computed whenever you change a
model parameter (by a slider movement, for example). Since this means to re-compute the whole
model 100 times the program may react slow with this option activated. If disabled the data are
computed on demand only, i.e. by a click on the corresponding view object (see below).

If you check the option Compute average spectrum the average spectrum is computed during a re-
computation. In order to visualize the average spectrum you have to generate a view element of type
Field view in the list of view elements and then assign the colorbox object to the new field view
object by drag and drop. The field view object will take the assigned colorbox object as source and
display its average spectrum.

If you like you can define a rectangle in the a*-b* plane to visualize the tolerated area of color (target
box). The rectangle is drawn in the color specified by the RGB values in the dialog.

Activating the option Display color background draws a colored background indicating the color
impression for the various positions in color space. With the settings shown above this background
is drawn using 2500 little rectangles (50 by 50).
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The ColorBox graph of b* vs. a* can be shown in a view object. The graphics parameters are set in
the following dialog:

20 graphics parameters £
Title: |Color box Height: | 7 p

Load Frame mode: | q FPen data: 4
Line mode: [{g Pen frame: 1

Save
Grid line mode: | q Pen grid: 7
X-axis y-axis
Text: |a' |h‘
Height: 7.0 7.0
Unit:

Unit factor: Im 1_0E+000
Minimum: IW -20.00
M aximum: IW 20.00
Tick spacing: IT 5.00
Decimals: lu_ ll]_
Offzet: IW lﬁ
Length: Im lﬂ

[ logarithmic zcale [ logarithmic scale

i

vy (1] 4 X Cancel |

If you have checked the option 'Compute average spectrum' a second graphics dialog will open up
which sets the parameters for the visualization of the average spectrum in the field view object (see
abowe).

Since the color box graph will show a cloud of points you should use a 'line mode' for individual
points (11, 12, 13, 14 or 16, see graphics course) but no continuous lines connecting the points.

In order to really see the color box drag the object from the list of special computations either directly
to the main window of SCOUT or the list of the current view objects. In a view, a color box looks like
this:
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7.2

[T CODE C:\delphi_theiss\win_coat\test_func_fluc.wed == E=E]
File Project Update Objects Renge Start Stop Fit parameterset Actions Tools ?

Mathod  Import Start Export  Workbook  View

Vacuum
Glass

000 mm
Argon 283K

-20 -15 -10 -5 0 5 10
a*

1.0
2 08
g 1= 46.80
= 06
2 a* -6.09
04 b* -4.30
0.2
0.0
500 1000 1500 2000 2500
‘Wavelength [nm]

A mouse click on the object in a view activates the re-computation of the object's data (unless you
activated the option of automatic re-computation).

The example above shows a configuration which allows to regulate the strength of the thickness
fluctuation of all layers by the slider on the left side. If automatic re-computation for the ColorBox
object is selected, you can instantly watch the cloud of points while you change layer thicknesses
and fluctuation strength. This way you can explore the relation of layer thicknesses and color
stability.

Optical function fluctuation

Objects of this type work almost like ColorBox objects. Instead of being limited to the color
coordinates a* and b*, you can use arbitratry optical functions for the x- and y-values of the cloud
points. Here is an example:
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-

Optical function fluctuation

Computation

MNumber of fluctuations: 20

[v Automatic re-computation

Optical function x;

|R (Simulated average 400 700 50)
Optical function y:

|R (Simulated average 2000 2500 50)

Target box
| Display target box

¥ range min: | -2.0000
¥ range max: | 2.0000

y range min: | -2.0000
W Fange max: | 2.0000

I Display data

OK

R

G

B

255

255

255

1Y

Cancel

J

£

The result in a view looks like this:
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7.3

NIR vs. Vis reflectance
0.80

0.75
0.70
0.65

0.60 %‘5

0.55

R average NIR

0.50
0.45

0.40 I I I I I I I
0.00 0.05 0.10 0.I5 0.20 0.25 030 035 0.40

R average vis

Function fluctuation

This object type is even more flexible than the Optical function fluctuation type described above.
The x- and y-coordinates of the displayed points are computed according to user-defined functions.
These may refer to values of objects in the list of optical functions (the term of(4) takes the 4th object
in the list of optical functions) or objects in the list of integral quantities. The latter is available in the
CODE software only (not in SCOUT!). You can refer to integral quantities by iq(xx) where xx denotes
the position of the wanted object in the list. The term iq(23) takes the value of the 23rd integral
quantity.

Since terms like of(5)-iq(12) refer to absolute positions of the wanted objects in their lists, you must
not change the order of the optical function objects or integral quantities. If you did so, you should
check if the expressions do still what you intend.

An example for a Function fluctuation object is given below:
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b* (10° observation angle)

20

-

Function fluctuation

Computation

MNumber of fluctuations: 100

[v Automatic re-computation

Function x

lia(1)

Function y

lia(2)

Target box
| Display target box

¥ range min: | -2.0000
¥ range max: | 2.0000

y range min: | -2.0000
W Fange max: | 2.0000

I Display data

OK

R [|255

G |255

B |255

1Y

Cancel

J

ET |

Function fluctuation demo: iq(2) vs. iq(1)

15

10
5
0 -
-5 -

-10

-15

L.

-20
-20

-15 -10 -5 0

5 10

15

20

a* (10° observation angle)
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7.4

Parameter variation

Objects of this type perform the variation of a single parameter of the optical model and compute a
series of points with x- and y-coordinates which are computed according to user-defined
expressions. The dialog for the object settings is this:

Parameter variation 124
Computation
Parameter: Select Target box
Stack 1Layer 2 SiM: Layer thickness Display target box
Range: 20 50 ¥ range min:  -2.0000 R 255
@) Absolute ¥ range max:  2.0000
G 255

Range relative to current value

Range relative to current value in percent =TaEy 20000 B 255

¥ range max:  2.0000
Number of parameter values: 11

| Automatic re-computation

Offset functions are evaluated once, before parameter variation

Function x (use terms like fp(12), of(2) or ig{3)): Offset x (use terms like fp(12), of(2) or ig(3)):
Function y {use terms like fp(12), of(2) or ig(3)): Offset v {use terms like fp{12), of{2) or ig{3)):
iq{1)

Synchronize graph to ... | ERTEETIERErET R

SiM variation
| Display data

You can define an absolute range for the parameter variation, or a range relative to the current values
(like +/- 5 nm for a thickness) or a variation in percent with respect to the current parameter value
(like +/- 2%). If you use relative variations you should take an odd number of points and do the
variation symmetric around the current value.

The functions for the x- and y-value computation are very general expressions: You can use the
usual mathematical symbols and/or refer to the fit parameters (fp(4) returns the value of the 4th
fitparameter), optical functions (of(2) gives the value of the 2nd optical function) and integral quantities
(iq(6) delivers the value of integral quantity number 6).If you leave out the definition of "Function x" as
shown in the screenshot abowe, the parameter values of the variation are taken as x-values. The given
example shows how the first integral quantity depends on the SiN thickness.

In some cases it turned out to be advantageous to compute an offset for the x- and y-values, e.g. to
perform a small color correction. You can do so by setting expressions for the functions "Offset x"
and "Offset y" to the right.
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In case you want to overlay several parameter variation results in one view you can synchronize the
graphics settings (see below) to a given "master" object.

Once the settings dialog is closed a graphics dialog opens which is used to set 2D graphics for the
presentation of results in a view. In order to show a special computation object you have to drag-and-
drop it to a list of view elements.

The given example leads to this main view appearance:

|77 CODE C:\temp\parameter variation demo.wed [e=lr=]
File Presentation Updste Objects Range Start Stop Fit parameterset Actions Tools Smapshot Last snapshot _Snapshot history 7
Methos  Import St Export  Workbook View Mers @ |

SiN: Layer thickness . 1.0 /____’——

17.0 Stack 1 Layer 3 Agmodel (TL): Layer thickness g 08

10.3 Stack 1 Layer 4 TiO2: Layer thickness g ’

6.5 Stack 1 Layer 5 Glass (float glass model): Layer thickness '% 0.6

14
3 /
o
g . e 0.4
8 Thickness variation
€ 10 \
0.2
Z A~
o
= 0.8 0.0
£ /’_‘_“"\) 500 1000 1500 2000 2500
= Wavelength [nm|
o 06 gth [nm]
=
g 1.0
ot 0 I N I
o]

Special computation objects compute the position of the minimum and maximum y-values. You can
extract these numbers as optical functions, specifying the name of the object and using the
arguments minimum_x, minimum_y, maximum_x and maximum_y. Optical functions can be viewed
in views through drag-and-drop as well.

The example above uses the following optical functions:

SiN variation(minimum_y)
SiN variation(minimum_x)
SiN variation(maximum_y)
SiN variation(maximum_x)
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Spectrometers

Overview

SCOUT contains a list called 'Spectrometers' which manages controllers for spectrometers and other
hardware objects. Each object in the list represents a hardware device. Spectrometer objects deliver
- after data acquisition - one or more measured spectra. Measured spectra can be assigned to
simulated spectra in the list of spectra. If a measured spectrum is assigned to a simulated
spectrum, the new measured data are filled in the experiment object of the simulated spectrum
whenever a data acquisition step has been processed. Each spectrometer object provides an Edit
method for setting the relevant parameters for data acquisition. The spectrometer settings are saved
as part of the SCOUT configuration.

The global Acquire command (use the SCOUT menu command Actions|Acquire or the @® button
in the toolbar) starts the data acquisition for each object in the spectrometer list. When all
spectrometers hawe finished their measurements, the new experimental data are distributed to the
simulated spectra according to the assignments (see below). New fit deviations are computed, and
graphs are updated.

The spectrometer list looks like this:

o Spectrometers |Z”i|g|
File Mew Edit Delete Update 7

- ¢+ ¥ E
| Tyrpe 1 |2 |3 |4 |5
IlindScan (custorer 1) EF T R
Eta-Optik transraittance Transrittance
Eta-Optik reflectance Reflectance

Each spectrometer object should be given a unique descriptive name. The columns labeled 1, 2, ...
show the names of the spectra offered by the individual spectrometer objects. Most object types
deliver one spectrum only (as the spectrometers T-01 and R-01 in the example). Spectrometer MS-
03 exports 3 spectra as indicated by the names in columns 1, 2 and 3.

Measured spectra are assigned to simulated spectra by Drag&Drop. A drag operation must start
with the mouse pointer positioned in the row of the relevant spectrometer object, and in the
column of the measured spectrum to be used. The target of the Drag&Drop operation can be
either the row of the simulated spectrum in the list of spectra, or the window of the simulated
spectrum itself. After a successful Drag&Drop assignment you are informed about the new
connection:

Spectrometer R-01 (recording Reflectance) assigned to spectrum R

In order to check the spectrometer assignment for a simulated spectrum, use the menu command
Acquire|Show spectrometer assignment in the simulated spectrum object. You will receive an
information like this:
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8.2

8.3

SCOUT X

Spectrometer assignment:

Spectrometer: R-01
Spectrum; Refleckance

Use the command Acquire|Reset spectrometer assignment to delete the current assignment.
Alternatively, you can do a new assignment in order to replace the spectrometer connection of a
simulated spectrum object.

Data acquisition at timer events

You can use the built-in automation timer to automatically trigger data acquisition of all spectrometer
objects. This option is activated using the menu command File/Options/Data acquisition/Acquire
spectra at automation steps.

In addition, at each timer events all trigger objects (see below) check if scripts need to be executed.

File import

This object type does not do measurements itself but imports a spectrum from a data file. This can
be used if an external data acquisition program permanently writes its measured data to one and the
same file. In order to connect this program to SCOUT you can use an object of the 'File import' type
to import the measured data whenwever the Acquire command of SCOUT is executed.

The object window looks like this:

© 2019 Wolfgang Theiss



SCOUT technical manual Spectrometers 214

8.4

. Import test

File Import Export Range Update Graphics Workbook @
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Use the Import command to initially specify the filename and the file format of the data file that is
used for the spectrum transfer. The measured data are automatically updated when the Acquire
command in SCOUT is used.

MiniScan

This object acquires spectra using a HunterLab MiniScan portable spectrometer (connected to the
PC by a serial interface):
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The current implementation assumes that you have calibrated the hardware manually and you just
want to take reflectance spectra.
The object window is this:

File Export Update Graphics workbook Conmection parameters 7

B Setup B B

iniScan spectnam
1.0

I

Spectrum

[IN:]

0.4

0.2

0o

400 450 500 350 400 G50 700
Wavelength [nm]

ol

There is only one parameter to be specified which is the serial port used for communication. Execute
the menu command Connection parameters and select the serial port in the following dialog:

Serial Port Settings

Port |Eum1 ﬂ

The serial port settings are stored in the SCOUT configuration.
When the global Acquire command in SCOUT is executed all MiniScan spectrometers in the
spectrometer list will record new spectra.

8.5 Minolta CM-2600d

This portable spectrometer is controlled through commands sent via the serial port. The SCOUT
interface lets you send commands to initialize the spectrometer and to record a reflectance
spectrum.

The Minolta window looks like this:
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File Import Export Range Update Graphics Show  Timer  WWorkbook ?
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Use the Communication button to set the communication parameters in the following dialog:

Serial Port Settings

Port |Eum1
Baudrate |5|;|]|]

Bits |3
Parity |Nu
Stopbits |1

Led LefLef L] Lo

x Cancel

The Initializations button sends the initializing commands to the spectrometer. If there is a file
called 'minolta_initializations.ser' in the SCOUT program directory, SCOUT will read this file and send
each line to the spectrometer. Below each command line you should place a text line saying 'Check
error'. If this line is found SCOUT reads the spectrometer's response from the serial port and gives a
warning if an error code is returned. Here is an example of a command file:

CpPS,1,1
Check error

If SCOUT does not find the file 'minolta_initializations.ser' it sends the command 'CPS,0,0' in order to
configure the spectrometer hardware.

In order to acquire a spectrum use the R button (or the Acquire command in the main window). In
this case SCOUT sends the commands found in the file 'minolta_acquire.ser'. In this file there may
be additional configuration commands. The last command should execute the measurement. Do not
use a 'Check error' line after the command to do the measurement.

Here is an example for a valid file:

ATD
Check error
MES
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8.6

After all lines have been sent, SCOUT waits for the measured data to be returned by the
spectrometer.

OceanOptics spectrometer

Support for several OceanOptics spectrometers has been integrated into SCOUT. Before you can
use OceanOptics hardware in SCOUT, you hawe to install the original OceanOptics software (for
example OOIBase32) and make sure that the hardware is running properly. The file ooidrv.ini (located
in the Windows directory) should contain the correct spectrometer and ADC type.

Up to now we have integrated support for the following spectrometer types:

ADC1000USB
uUSB2000
USB4000
NIR512

In addition, the very flexible Omnidriver has been implemented which automatically scans for
attached spectrometers and lets you select the one you want to work with.

If your spectrometer is not listed above please contact us in order to find out if support for your
hardware can be integrated into SCOUT as well.

In some cases the wavelength calibration for the spectrometer pixels could not be read from the
hardware. In these cases it turned out to be necessary to create a text file with wavelength
information in order to get the required wawelength assignment into SCOUT - in such a case you
should contact us as well.

Like any other spectrometer object in SCOUT OceanOptics hardware can be represented in the main
view as shown below. The gray rectangle with in the lower right corner has buttons for doing the Dark
measurement and the Background measurement. The dark measurement should be performed first
- using a 'black' sample such that no light from the sample stage reaches the detector. Secondly the
background spectrum must be taken using a calibrated mirror in the case of reflectance or an empty
sample stage in the case of transmittance. Having done the dark and background spectrum, you can
execute the sample measurement pressing the Acquire button in the view, i.e. the arrow button in
the example below:

850 900 950
elength [nm]
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Holding the Ctrl-key down and clicking the name of the spectrometer (S2000 in this case) a window
with access to all details of the spectrometer opens. The main graph shows the final sample
spectrum (in this case: the absolute reflectance):

. 52000
File Import Export Range Update Graphics Show  Timer  Workbook 7
SE"—'P ﬁ R T E D B @ cont INntsavedyet
Measured spectrum
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Wavelength [nm]

D Use2000 2000

The menu command Show|Dark spectrum opens a subwindow displaying the recorded dark signal:

5 Dark spectrum
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The background signal is shown in the subwindow that opens with the spectrometer window
command Show|Background spectrum:
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2. Background spectrum
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The absolute reflectance of a sample is computed as

— *
R= Rcorrection (SSampIe - SDark) / (SBackground - SDark)

Here S is the sample signal, S, the dark signal and S the background signal.

Sample Background

The absolute reflectance of the reference mirror R sorrection €aN be entered in the subwindow that

opens with the menu command Show|Correction factor. A silicon wafer (polished on both sides),
for example, has a reflectance like this:

3, Correction factor

File Import Export Range Update Graphics Workbook #
S Setup § B
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The button 'Conf.' opens the spectrometer configuration dialog:
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Ocean optics spectrometer, paramet... i§ |

QOceanOptics spectrometer

Serial number [ADUDE3T

Puart | J
Baudrate | J

Channel

[w hdazter
[ Slave

Integration time [ms] l'lﬁﬂi
Averaging over |-|— specta
|1— sCans

Ig— pixels

~1x1x]

] Cancel

In most cases it is sufficient to enter the serial number of the spectrometer, the integration time in
ms and some averaging parameters: You can average the signal of several neighboured pixels,
several scans within the spectrometer hardware and seweral final spectra in SCOUT.

The integration time should be chosen such that the dynamic range of the spectrometer is used
efficiently without reaching the upper limit. If the integration time is too large, an overexposure of one
of the pixels may occur. In this case you might get a warning like the following

Background spectrum overexposed!

and the corresponding signal might look like this (in the case of a 12 bit detector which has a
maximum number of counts of 4095):
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8.7

8.8

£ Raw spectrum

FEX
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Avantes spectrometer

Various Avantes Vis and NIR spectrometers can be used to acquire spectra, including the new

USB2 spectrometers.

tecb spectrometer

In January 2011 we implemented tec5 hardware support. Single spectrometers and systems with 2

spectrometers are supported.

The object controlling a double spectrometer system looks like this:
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8.9
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For each spectrometer (called Channel 1 and Channel 2) you can easily set the integration time and
the number of scans to average. Using the buttons Dark, Reference and Sample you can perform
the dark measurement (this should be done first), the reference measurement and finally the sample
measurement. In order to check the performance of the system, you have displays of the dark
signals (to the right), the signals of the reference measurement (in the center) and the final sample
spectra (left side) for both channels.

The example shown above is a system recording reflectance and transmittance of a thin film sample
simultaneously. In a case like this, you should assign the measured reflectance (channel 1) to a
spectrum object that simulates reflectance, and channel 2 should feed a spectrum simulation object
computing transmittance.

Tinkerforge components

The company Tinkerforge produces small electronics boards which are used to control motors and
manage various sensors. SCOUT contains modules to control servo motors, stepper motors and
color sensors. Since it is very easy to implement software modules for Tinkerforge products we are
going to integrate more sensors in the future.

A Tinkerforge system consists of at least one so-called brick. You can stack various bricks to add
functions to get more powerful devices. Small sensors called 'bricklets' can be connected to bricks.

Tinkerforge provides software tools to manage and test their products. You can use the Windows
software brickv.exe, for example, to scan your system for connected devices. Since devices can be
on a network or local, you have to provide the name of the host computer (the local one is called
localhost) and a communication port (default value is 4223). Pressing the 'Connect’ button shows all
connected devices.
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Each device, brick or bricklet, shows a dialog to test its functions. The dialog also shows a UID
which identifies the device. You will need the UID, host computer name and port to address the
device in SCOUT.

8.9.1 WOSP shutter

Objects of this type are managed in the list of spectrometers. They address a servo motor which
moves a mechanical shutter. In most applications you want to switch between 2 positions, one of
which blocks a light path and the other one doesn't. WOSP shutter objects address a TinkerForge
senvo brick which is a controller for up to 7 servo motors. The board is this:

It has contacts for 7 server motors and an external power supply that provides power for the motors.
In addition, there is a micro USB connection. The external power supply can be a battery pack as
shown below or a DC power supply (5 V in most cases).
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Most servo motors do a rotation of about 180° which is sufficient for the optical shutter function.
Please note: The servo brick cannot be used for stronger servo motors that move robot arms or

something similar.

Before you use a servo motor in SCOUT you should explore and verify its proper function using the
Tinkerforge brickv.exe tool mentioned above. Once you know suitable parameters you can enter the
values in the following SCOUT dialog and press OK - that will save the parameter values to the
SCOUT object. You can then open the dialog again and check if the shutter works correctly by
pressing the buttons 'Open shutter' and 'Close shutter":
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8.9.2

r b
' Shutter control [= || =1 || 22 |
WT-5P shutter contral

‘ Open shutter ‘

‘ Close shutter ‘
Host localhost
D oeaM13
Channel 1
Port 4223
Open position -3900
Closed position 4600

£5000

Speed
Acceleration 65000
Pulse width 1000
Pulse width delta 1000

Once you hawve set the operational parameters you can use the following script lines to execute
shutter operations:

e object command, my_shutter, open
e object command, my_shutter, close

Here, obviously, my_shutter is the name of the WOSP shutter object as it appears in the list of
spectrometers.

WOSP traverse

These objects (managed in the list of spectrometers) control the motion of a stepper motor that
mowves a payload on a linear traverse. The stepper motor must be controlled by a Tinkerforge stepper
brick which is shown below:
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The brick has an external power supply, connectors for the stepper motor and a micro USB
connector.

Note that there is a maximum external woltage of 38 V and some other limitations on the stepper
motors that may be operated with this board. If you need stronger motors you can use a Trinamic
traverse object which provides the same function but for stronger motors.

Once you hawe tested the function of the stepper motor with the Tinkerforge brickv tool you can enter
the obtained parameters in the SCOUT dialog for this type of object:
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I 1

7 WOSP traverse control = [=] 3
WOSP traverse control -
Position
| Go home |
| Move down | | Mowve up |

| Go to dark pos. |

Set home
|Gu to reference pos. | Set dark
Set ref,

Host localhost
Ui akwlcd
Port 4223

Steps for upward movement 5000

Steps for downward movement  -5000

2000
Speed
Acceleration 3000
mm per step: 0.024293

Ok Cancel

Besides setting speed and acceleration you can define 'Steps for upward movement' and 'Steps for
downward movement'. These parameters define how many steps the motor will do when you press
the buttons 'Mowve down' and 'Mowe up', respectively. You can use these commands to position your
payload at 3 different locations, called 'Home', 'Dark position' and 'Reference position'. What we have
in mind here is to mowe a reflectance probehead to a position where you can record the dark signal,
to a reference mirror and then to a position where the probehead sees the sample (=home position).
Once the payload is at the wanted position you can press the 'Set home', 'Set dark' and 'Set ref.’
buttons to record this position. The parameter 'mm per step' can be set in order to convert the
position of the payload given in steps to mm. If you are done setting the parameters you have to
press OK to close the dialog and save the parameters.

When you open the dialog once more you should verify that the payload moves to the correct
positions when you press the buttons 'Go home', 'Go to dark pos.' and 'Go to reference pos.".

Objects of type 'WOSP traverse' listen to the following script commands:

¢ object command, my_traverse, move to home position

¢ object command, my_traverse, move to dark position

e object command, my_traverse, mowe to reference position

e object command, my_traverse, mowe to position xyz //here xyz stands for an integer number
defining the wanted position

¢ object command, my_traverse, move to mm xyz /Ihere xyz stands for an integer number
defining the wanted position in mm

e object command, my_traverse, move up /I moves up by the pre-defined number of

steps for upward movements
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8.9.3

e object command, my_traverse, move down /I moves down by the pre-defined number of
steps for downward movements

You can use the following optical functions to extract information from WOSP traverse objects:
e my_traverse (position) /Ireturns current position in steps
e my_traverse (position_mm) //returns current position in mm

Warning:

Please note that WOSP traverse objects do not provide a mechanism to find a correct and
well-defined starting position when the system is turned on. You have to make sure that the
payload is a position 0 when the system is turned on. If you need a safe and automatic
behavior at system start-up you can ask us to add this functionality.

WOSP color sensor

This object contols a TinkerForge color sensor bricklet. This device can be used for rapid (and rough)
color and brightness measurements. It measures 4 numbers called R, G, B and C which are
intensities for red, green and blue light and a gray value for the overall brightness. The sensor
provides a white LED which can be switched on and off programmatically.

The sensor looks like this:

The color sensor must be connected to a so-called Tinkerforge brick' which is connected to a
computer and can be controlled by SCOUT. Bricks supported by SCOUT are the master brick, the

seno brick and the stepper brick.

Before you use the color sensor in SCOUT you should test it with the Tinkerforge brickv tool. You
need to know the host computer, the port and UID of the device in order to use it in SCOUT.
The dialog to set the properties and test the sensor in SCOUT is this:
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8.10

8.10.1

i

" Color senzor o || B || E2

WOSP color sensor control Light on

Host localhost
Light off
uID xR1
Port 4223 | Get color values |
Gain 60x - Ri—
. . G2 =

Integration time 154 ms -

Bz —

Ci -

Ok Cancel

Color sensors listen to the following script commands:

e object command, my_sensor, acquire // tells the sensor to acuire new color values
e object command, my_sensor, light on // switch on the light

e object command, my_sensor, light off // switch off the light

You can use these optical functions to retrieve information from color sensors:

my_sensor (r) // returns the red color intensity value R, range of values is 0 ...65535
my_sensor (g) // returns the green color intensity value G, range of values is 0 ...65535
my_sensor (b) // returns the blue color intensity value B, range of values is 0 ...65535
my_sensor (c) // returns the brightness value C, range of values is 0 ...65535

my_sensor (r_relative) // returns the red color intensity value R divided by the brightness C
my_sensor (g_relative) // returns the green color intensity value G divided by the brightness C
my_sensor (b_relative) // returns the blue color intensity value B divided by the brightness C

Trinamic traverse

SCOUT can control traverse systems that mowve optical equipment like spectrometers or light
sources. Objects of type Trinamic traverse' handle Trinamic stepper motors by communication
through TMCL commands. In most cases the stepper motor controller is connected to the computer
using a USB or a RS485 connection. In both cases the serial port is addressed as a COM port.

Positioning

Traverse systems driven by stepper motors need to get a unique starting position before controlled
absolute positioning is possible. This can be realized by mechanical or magnetic switches.
Trinamic traverse' objects use an optical method. The usable position range of the traverse is divided
into a red zone (negative position values) and a blue zone (positive position values). A Tinkerforge
color sensor (connected to the payload of the traverse) gives a color signal called the 'position
function'. This is the ratio of the blue value B and the red value R. This ratio is small in the red zone
and large in the blue zone. At the transition between the red and the blue zone the position function
rises steeply. The origin of the traverse is defined as the position where the position function has a
certain value (called threshold) between the low values in the red zone and the high values in the blue
zone.

When the traverse system is switch on after a period without power the absolute position of the
payload is unknown. In this situation a search routine must be executed before the traverse can be
used. The search routine finds the origin of the traverse and sets the position to zero. At the start of
the search the position function is used to decide in which zone the payload is located. If the
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payload is in the red zone the traverse moves upwards in safe steps until the blue zone is reached.
Then the motion is reversed and the step size decreased to move back to the red zone. In an
iterative process the edge between the red and the blue zone is found. In a similar way the iterative
search is done if the start position is in the blue zone.

The value of the position function is available in the list of optical functions using the term 'position
function'. The call would be 'My traverse (position function)' if the name of the traverse object is 'My
traverse'.

8.10.2 Configuration

The dialog discussed below is used to configure the traverse system. As usual, it is called by
selecting the object in the list of spectrometers and then clicking on 'Edit". Alternatively you can
right-click the object in the list of spectrometers.

| Set glass paosition factor |

Initizlize comMmz Disconnect |

Speed 200000
Acceleration 120000

| Set glass position offset |

o home -110000 Set current positon as home
Go to reference mirror 285000 Set current positon as reference position
p 100080 Set current positon as dark: position
Move to 20000

Get position

| Show response |
Safety checks
Position range: 330000.0
Find origin
Color sensor: color sensor
Position function at reference position: 0.7
Reset axis position

Sensar intensity threshaold: 5000.0

The parameters Speed and Acceleration are used to set the maximum speed and acceleration of
the traverse motion. Position range defines the number of steps that the motor has to take from one
end of the traverse to the other. This value is used in the routine that finds the origin to compute
reasonable step widths for the iteration. Color sensor specifies the name of the color sensor that is
used to find the origin. Position function at origin sets the value of the position function at the
origin. In the red zone the position functions are smaller, in the blue zone larger compared to this
value. At the beginning of the search procedure, the object checks if the color sensor is responding.
It switches the light source off and verifies that the sensor intensity C is smaller than the sensor
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intensity threshold value. Then it switched on the light and checks if the intensity is above the
threshold. Only in this case the search routine is started.

In addition to using steps of the stepper motor you can also work with positions specified in mm.
You can set parameters Glass position factor and Glass position offset to compute a position on
the sample in mm from the current position in motor steps.

8.10.3 Routine actions

When the SCOUT configuration is loaded traverse objects try to connect to the stepper motor
controller. If that is successful the first action must be calling the 'Find origin' routine. Some actions
are forbidden and the corresponding buttons are grayed out until the origin is found.

Once the origin is found all buttons to control the traverse are activated. Use the Move to button to
let the traverse travel to a user-defined position, specified in steps. Use the Go home, Go to
reference mirror and Go to dark position buttons to move the payload to 3 pre-defined positions.

The button Reset axis position sets the current position to zero, overwriting the rule that the origin
of the traverse must be found using the search routine. If you press this button while the payload is
not at the origin subsequent motions can cause a crash of the payload at one of the ends of the
traverse at full speed. This can severely damage the system!

Warning: Do not use this button unless you are absolutely sure that the payload is at the
origin!

Traverse actions can be executed by sewveral script commands:

e object command, my_traverse, set speed, xyz  // sets the speed to xyz (integer number)

e object command, my_traverse, set acceleration, xyz  // sets the acceleration to xyz (integer
number)

e object command, my_traverse, mowve to position expression /I moves to a position which is
evaluated from the string expression (expression can be just a number, the name of a master
parameter, the name of a fit parameter or an optical function)

e object command, my_traverse, mowe to glass position and wait expression /I moves to a glass
position in mm which is evaluated from the string expression (expression can be just a number,
the name of a master parameter, the name of a fit parameter or an optical function). The execution
of the script is paused until the position has been reached.

e object command, my_traverse, mowve to glass position expression /I mowves to a glass position
in mm which is evaluated from the string expression (expression can be just a number, the name
of a master parameter, the name of a fit parameter or an optical function).

e object command, my_traverse, mowve to dark position /I moves the payload to the dark position

e object command, my_traverse, move to home position /I moves the payload to the home
position

¢ object command, my_traverse, move to reference position /I moves the payload to the
reference position

¢ object command, my_traverse, find origin /I calls the search routine that finds the origin

¢ object command, my_traverse, wait for position reached /I pauses the script until the wanted
position of the payload is reached

e object command, my_traverse, edit  // brings up the configuration dialog of the traverse object

Some status values of the traverse are accessible through optical functions:

e my_traverse (position_mm) // returns the current position in mm

e my_traverse (position) // returns the current position in steps

e my_traverse (position function) // returns the position function at the current position

© 2019 Wolfgang Theiss



SCOUT technical manual Spectrometers 232

8.11

8.12

Trigger

These objects are checking a trigger condition at each timer event. The behavior is controlled in the
following dialog:

- 'y

& WOSP trigger o || = =

o | Active
Formula to compute value:  of(1)-of(3)

Treshold 4200
Script to be executed if value is below threshaold:

Script to be executed if value is above threshold:  scan_sample

Ok Cancel

Note that a trigger can be activated or de-activated using the checkbox on top.

The trigger condition is checked by a comparison of a value given by a user-defined formula and a
threshold. If the value is below the threshold a script can be executed (in the example above there is
no script defined for this situation). If the value is above the threshold a different script gets started -
in this case the script 'scan_sample'.

Note that a configuration may contain several triggers. Note also that triggers can be activated or de-
activated by script commands. This way you can generate rather complex sequences of actions.

OPC client

OPC is an international standard for the exchange of information between machines (what is OPC?).
An OPC client object in the list of spectrometers is able to connect to an OPC server and read and
write values. You can use OPC client objects to respond to an external signal, e.g. to trigger a
measurement action, or to pass information about fit parameter values or the current position of a
traverse system.

The OPC client window (select the client in the list of spectrometers and click on Edit to open it)
looks like this:
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Computer: v = G5 | Add iterns || Fause liztening

~  Saw-toothed WaveszIntl, 36, 2017-11-08 221817
Mew item; 5 aw-toothed W aves.Intl Saw-toothed Waves.Int2, 72, 2017-11-09 221817
Mew itenn; S aw-toothed Waves. Int2
connected to zerver dOPCSim Kassl Simulation

Mickname: test OFC name: S aw-toothed Wavez. Intl

Walue: 3B Update rate: 1000

The drop down box at the top of the window lets you select an OPC server. If the server runs on a
separate computer you have to specify the computer in the edit box on the left. Once the server is
selected you can connect by a click on the chain symbol. The connection will be announced in the
text box on the left side.

Use the Add items button to select server items. Selected server items are watched by the client at
an update rate that you can specify in the lower right corner of the window. Value changes are
indicated in the text box to the right.

When you save the program configuration OPC client objects save the names of the selected items.
After loading a configuration that contains selected OPC server items, SCOUT reconstructs the
items when it re-connects to the senver.

OPC items may hawe quite long names which are difficult to remember. You can define a nickname
for the first selected item. The nickname can be used in optical functions (see below).

Optical functions
Using the names of selected OPC server items or the nickname for the first selected item you can

retrieve the current values of the items as optical functions. The items must deliver a numerical value,
of course. Here is an example of optical functions:

File Update Mew Edit Duplicate Color Delete Templates Deleteall 7

BB+ H= ¢++ K

Value Function Decimals
1 -88.00 OPC chent (Saw-toothed Waves Int2) 2
2 43 .00 OPC client (test) 2
3 43 .00 OPC chent (Saw-toothed Waves Int1) 2
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Script commands
OPC client objects execute the following script commands:

¢ object command, my opc client, connect (connect to the selected senver, start
listening)
¢ object command, my opc client, stop listening (stop listening to the server)

e object command, my opc client, pause listening (stop listening to the server)

e object command, my opc client, continue listening (continue listening to the server after a
pause)

e object command, my opc client, send integer, serer item name, value (sends the specified
integer number to a server item)
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Views

Introduction

The main window of SCOUT can be used to give quick ovenviews on relevant parts of the SCOUT
configuration without opening additional windows. Once the definition of the physical model is
finished you can close all 'subwindows' and analyze series of spectra just using commands in the
main window. The main window can be configured in a way such that also unskilled persons with
little knowledge about spectroscopy can operate the SCOUT solution. Here is an example:

)

5 SCOUT D:Asuccess_stonesiclassics\waler_analysishwafer_analysis_sc2

Method Import  Start  Export Workbook View Mem E

M. Theiss Hard- and
- an
NWW gﬂfmarc “

Ln
=

Modified Feflectance
5 8 8

,_.
[=1

i
500 1000 1500 2000 2500

Wavernrber [1fom]

| Deviation: 0.0058492

The display in the main window is defined in so-called "Views' which can be configured automatically
or user-defined. Views are managed in the list of views which is opened by the command Objects]|
Views in the main window.

Quick access to view elements

If you want to make changes to one of the elements of a view (e.g. to alter the graphics settings of a
spectrum), you can click on it while holding the Ctrl-key pressed down. In this case the
element's Edit function is called which gives you access to the element parameters. Doing this for
the displayed reflectance spectrum you can open the spectrum definition window.

Moving view elements
View elements can be moved by mouse drags while the Caps key is pressed down.

Re-sizing view elements
You can re-size elements by starting mouse drags (with the right mouse button hold down) at the

center of the element. Moving the mouse cursor down to the right increases the size, moving up to
the left makes the element smaller. Move slowly in order to give SCOUT time enough to re-draw the
view. Stop the drag operation when the wanted size is achieved.

A more powerful re-size mechanism is explained using the example of a spectrum view object:
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SCOUT C:\delphi_theiss\scout_98\re-size-view-elements.sc2 |_' 1B
File Update o©Objects Range Start Stop  Fit parameter set  Actions Tools 7

Method  Import  Start  Export  Workbook  View hlemm .

Eefkchue

Suppose you want to mowe the left side of the graph to the left without changing the other upper,
lower and right boundary of the view element's rectangle. IN order to do this, imagine the objects
rectangle being divided into four sections like the colored triangles sketched below:

1. SCOUT, C:\delphi_theiss\scout_9B\re-size-view-elements.sc2? |: : :

File Update o©Objects Range Start Stop  Fit parameter set  Actions Tools 7
Method  Import  Start Export  Workbook  View e E

S0 10ag 1 500 2000 21500
Wirrclenyth [nm]

In order to mowve the left boundary of the spectrum object's rectangle, hold down the Caps and the Alt
key at the same time, place the mouse cursor in the blue triangle and drag it to the left (pressing the
left mouse button down). While you move the mouse, the view is constantly updated. Stop when the

a satisfying position is reached:
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SCOUT C:\delphi_theiss\scout_98\re-size-view-elements.sc2 |Z : :

File Update o©Objects Range Start Stop  Fit parameter set  Actions Tools 7
Method  Import  Start  Export  Workbook  View hlemm .

Eefkchuxe

In a similar way you can re-position the upper, lower or right boundary of a view element's rectangle.

Password protection
Since you can make changes to the model by accessing objects through view elements this

mechanism is password protected. Once you have defined a password using File/Options/Password,
the access of view elements requires knowing the password.

In configurations using several views you can assign an individual password to every view. Use the
local menu item File/Options/Password of the list of view elements that you want to be password

protected:
[T CODE C:\delphi_theiss\win_coat\test\view_test.wed =
File Presentation Update Objects Range Stat Stop Fitparameterset Actions Tools Snmapshot Lastsnapshot Snapshot history 7
Method  Imgort Start Export  Workbook  View Moo [
Cutrent objects Protected view
i‘_““‘m'“l’u T Update New Paste Copy Edit Export Duplicate Automation Source Color Delete Snaptogrids Comment Deleteall ?
ayer stack:
. New ey B
Master parameters Open.. Top Width  Height  Source Type
Fit parameters Save 355 20 G Text view
Fit parameter sets Tz e
Optical functions
Final numbers Export items
Distributions Impart items ... »
Special computations
ometers Page setup ..
Print...
Start screen Print Setup...
Protected view
Wotkbook Options 3 Password
Batch control Mode
Message board Repoet
Optical constant database Bit
SQL database connection
Integral quantities
PDF report
Retuen to main view ]

Make sure that the first view in the list of views is not password protected - this view is displayed
after loading the configuration and should be visible for all potential users. However, if you have views
with details that should be visible for a special group of users only you can use the password
protection to hide these views for unauthorized people.

Please note that setting passwords for individual views makes sense only if you also define
a global password using the menu command File/Options/Password in the main menu.
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9.2

9.3

Without global password any user can enter the treeview level with F7 and make chances,
and access all views (also protected ones) from the treeview level.

List of views

User-defined views are created, edited and deleted in the so-called 'List of views' which is opened in
the main window of SCOUT using the menu item Objects|Views. Do not mix up this menu item with
the toolbar button labeled 'View' which is used to switch from one view to the next. If a view object
has been created in this list it is displayed in the main window of SCOUT replacing the picture that is
loaded at program start. If the list of views contains more than one item the toolbar button called
'View' switches from one to the next. If the last view object has been reached a further click on the
View' button returns to the first view in the list. This way you can easily cycle through all defined
views.

Some commands in the Actions submenu activate automatic view generation.

Defining views

To define the appearance of a view select it in the list of views and use the Edit command. This will
open another list which contains the items that are to be displayed in the main window:

41 Test view N =] B3

Fil= Mews Edit Delete Update 3
+ | CI8- 44 B |

Left Top Width Height  |Source

Here you can create seweral types of objects some of which are explained in the following. If no
objects are defined SCOUT will fill the main window with a white background.

If you define more than one object to be displayed in a view note that the objects are drawn in the
sequence given by the list. The object on top of the list is drawn first, then the second one and so
on. This will be important for the design of a view if objects overlap.

At present the following view elements are implemented:

Rectangle Displays a rectangle with user-defined color.

Text view Displays a user-defined short text.

Bitmap view Displays a bitmap picture.

Metafile view Displays vector graphics.

Field view Displays dielectric functions, spectra or distributions.
Parameter view Displays a parameter value as text.

Parameter slider Displays and modifies a parameter value by a slider.

Horizontal bar Displays and modifies a parameter value by a horizontal bar graph.
Vertical bar Displays and modifies a parameter value by a vertical bar graph.
Workbook display (columns) Displays workbook data with one x- and multiple y-columns.
Workbook display (rows) Displays workbook data with one x- and multiple y-rows.
Sample view Displays the current sample identification.

Deviation view Displays the current fit deviation.
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94 \View objects
9.41 Display items
9.4.1.1 Rectangle

This object draws a rectangle in the view. Size and position of the rectangle are specified by the
Left, Top, Width and Height entry in the list. All values have to be specified in percent of the total

area of the main window. The entry

S5 Test view

Fil= Mews Edit Delete Update 3

M=l

B EY  ectrgie 8- ¢V |
Top Width Height  |Source
10 20 20

causes the following appearance of the main window:

L

5. SCOUT D:\d3theiss‘scout_98%helpitutoriall \exd\tul_ex... =] B2

File Update Objects Hange 5Stat Stop  Fit parameter set Actions 7

Methad Imnport

Start  Export

Warkbock View Mem [

| Deviation: 0.0000256

You can change the color of the rectangle using the Edit command (or a right click of the rectangle's
row). You will get two color picking dialogs: The first one for the filling of the rectangle, the second

one for the boundary.

If you want to fill the whole main window with a colored background you can use a rectangle object

with Left = 0, Top = 0, Width = 100 and Height = 100.
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9.4.1.2

9.4.1.3

9.4.1.4

Text view

This object type is used to display a text string in the view. The entry

50 Test view =3
Fil= Mews Edit Delete Update 3
B EY + [Textview &= 44 =] \
HMarae Left Top Width
1 |Ezaraple 1} a 20

causes the view to display the text 'Example’. The text appears in a rectangle whose upper left
corner is determined by the values given in Left and Top. The height of the font used to draw the text
is taken from the Height value. The Width parameter has no meaning. The color of the text can be
specified in the color picking dialog that you get with the Edit command.

The example values abowve lead to the following view:

% SCOUT D:A\d3theizs\scout_98%\helpitutoriall bexditul_ex . [H=] E3
File Update Objectz HRange Start Stop  Fit parameter gt Actions ¢

Method Import  Start  Export Workbook  WView Mem E |

Example

Deviation: 0.0000266 Dialete selected object

Lines

This is a view object to be used to show text with several lines. You can work with an optional
automatic line break and a background color.

Bitmap view

Bitmap view objects display bitmaps in a rectangle (defined by the Left, Top, Width and Height
parameters). The Edit command gives you access to a dialog to specify a Windows bitmap file
(*.bmp). The Source value shows the location of the imported bitmap file.

The main purpose of using bitmaps is to illustrate the SCOUT method, i.e. indicate what is does,
show a logo, give short explanations to the user or simply to make the SCOUT appearance nicer.
The entry
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9.4.1.5

50 Test view =3

Fil= Mews Edit Delete Update 3

+ Fiwpview o] Sh— 4 ¥ B |
HMarae Left Top Width Height  |Source

1 |Ezaraple 1] 0 20 S0

2 |SC0UT in the sand |50 50 S0 S0

leads to this view:

S5 SCOUT D:A\d3theiss\scout_98%\helpitutoriall exditul_ex . W=l E3

File Update QObjectz HRange Stat Stop  Fit parameter set Actions 7
Method Import  Start  Export Workbook View Dem E |

Deviation: O0.0000268

Warning: After you imported a graph in a bitmap view object it becomes part of the SCOUT

configuration and SCOUT does not need the original file any more. However, be aware of the fact that

the SCOUT configuration file can get very large if it contains large bitmap files.

Metafile view

Metafile view objects display vector graphics in a rectangle (defined by the Left, Top, Width and
Height parameters). The Edit command gives you access to a dialog to specify an Extended
Windows Metafile (*.emf). The Source value shows the location of the imported metafile.

The SCOUT installation copies some useful metafiles in the subfolder pictures. Some of them are
sketches, others can be used as more or less colorful backgrounds. Here are some examples:
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5 SCOUT C:Ahelpscout\scout_configs\metafile_views.sc2

File Update ©Objects Range Start Stop  Fit parameter set  Actions ¢

Method  Immport  Start  Export  Workbook  View Merm i

I Trei
1| Hard- amd
Softmre : ;

Eaflec e

i
Lo0g 2004 EL A
Ware etk [|

Selected graph: R A E

Creating metafile graphics
Extended metafiles are supported by only a few Windows graphics programs. The easiest way to

create them is the following: Use Microsoft Word or other text processing programs which are able to
create drawings as vector graphics. Create a picture and copy it to the clipboard. Then create a
metafile object in a SCOUT view like the one in the last row below:

Test view

File MNew Edit Paste Delete Export Update 7
o+ [Metafile view - ®H- 4 ¥ B

Harne [Left [Top  [width  [Height  |Sonrce

Sk 1] 0 103 63 NDatecic ProgrararmeCC
sand a 60 105 40 NDatecic PrograrmelCC
. Theiss logo a 0 204 204 NDatecic PrograrmelCC
Frame gray 40 20 50 50 CAPrograrmne\>ODE
Spectrumn 40 20 50 50 Spectrurn siraulation

Reflectance sketch 464 512 2793 2793 NDatec P rograrnemelC
Transmittance sketch37 59 0.54 2377 2377 NDatecic ProgrararmeCC
LTH sketch 7588 9.72 20 20 NDatec: P rogrararneCC
Grazing incidence 129 4373 2153 4153 NDatec: P rogrararneCC
Lawrer on substrate 7421 1047 2032 2032 NDatecic PrograrmelCC
Rairhow 1218 a4 50 10 CAPrograrmne\>ODE
1a 10 20 20 Cliphoard

Then use the Paste menu command which will paste the clipboard picture into the metafile view
object (if the clipboard contains a metafile format). Update the main window of SCOUT to inspect the
imported picture. If you use a formula editor you can even paste formulas in metafile objects:
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9.4.1.6

5 SCOUT C:Ahelplscout\scout_configs\metafile_views.sc2
File Update ©Objects Range Start Stop  Fit parameter set  Actions ¢

Method  Immport  Start  Export  Workbook  View Merm i
I Theiss Hard and
Softmmre : ;
1
é.. &
2 3
a=|ax dx
04
0
0.2
1000 2000 000 400
W enmiber | \/

Selected graph: R A E 4

[
||

The graph is now part of the SCOUT configuration. If you want to re-use the graphics for other
configurations you can store the picture as extended metafile by selecting the metafile view object
and applying the Export command in the view list.

The easy way to add sketches to a view
The main window of SCOUT has a menu command called Actions|]Add symbol to view. This does

the following: A metafile view object is created in the center of the current view and the corresponding
Edit command is executed automatically. This opens the pictures subfolder of SCOUT where you
can select a picture. Afterwards you can move or re-size the metafile picture in the view.

Moving and re-sizing pictures
Like all view objects, metafile pictures can be mowved in a view this way: Keep the Caps key pressed

down, select the picture in the view with the left mouse button and drag it to the new position.
Re-size objects by the following action: Select the picture with the right mouse button in its upper
left corner. Then drag the mouse cursor down to the right with the right mouse button kept down.
Stop at the wanted new size.

Metafiles do not consume very much space in SCOUT configurations. You can use them freely to
illustrate your SCOUT views.

Parameter view

Objects of this type display values of model parameters in the view. They are created by Drag&Drop
exclusively. Do not create objects of this type using the '+' button of the list.

To display a layer thickness in the view, open the layer stack definition and the view definition
simultaneously and drag the layer entry to the view definition list. After dropping the item a new
object of type parameter view is created and connected automatically to the thickness parameter as
indicated in the Source column.

If you drag a dielectric function model from the list of dielectric functions to the view definition list
SCOUT creates a parameter view entry for all parameters of the dielectric function model. Generally
SCOUT creates as many parameter view entries as the dropped object has fit parameters.

You can define in the Name column a name for the parameter of your choice. Beginning at the
position defined by Left and Top, the text entered as Name is displayed. The color as well as the
Height of the font are defined as for text view objects. At a distance given by the value of Width to
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the right of the Top position the parameter view object starts to output the numerical value of the
parameter. Here is an example:

5 Test view =]
Fil= Mews Edit Delete Update 3

+ [Field view ME R = ‘

HMarae Left Top Width Height  |Source

1 |Example 10 0 20 20

2 |SC00T in the sand |50 50 50 50 DidStheissiscont 8scouta birap
3 | & spectnon a 50 50 50 Reflectance
4 | &z thickness 10 30 40 Stack 1 Lawer 2 &g (Johmson & C]

causes SCOUT to display the following output in the main window:

S5 SCOUT D:A\d3theiss\scout_98%\helpitutoriall exditul_ex . W=l E3

File Update QObjectz HRange Stat Stop  Fit parameter set Actions 7

Method Import  Start  Export Workbook View Dem E |
Example
Ag thickness 0.0200

AcAccorae
o o
o om

]
H

]
B

DD:I.WHII =00 200 a0h TO0 LD WD D00 10D

Tavelcrggh rea |

Deviation: O0.0000268

9.4.1.7 Grid

Grid objects are used to provide a colored background for other objects, and to help to align view
objects.

Please note: It turned out to be useful to de-activate the mouse-driven positioning and re-
sizing of grid objects since they are mostly used to provide a background for the other objects and
should not be moved accidentally.

The main rectangle spanned by a grid object is subdivided into a user-defined number of rectangles.
Each rectangle may hawe its own user-defined color. Alternatively, the colors may be computed
applying user-defined functions, or by using a pre-defined color scheme. Optionally, you can show
dividing lines between the rectangles.

Here is an example of a simple grid object:
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o a1

"' CODE Chdelphi_theiss\win_coat\grid_demo.wcd o |[E &
File Project Update Objects Range Start Stop  Fit parameter set  Actions Tools

Method Import Start Exportt Workbook View Mens i

View objects in the list of view elements located underneath a grid object can be aligned on the grid.
This is done by pressing the key 'g' while you are showing the main view. Each view object has a
built-in function to align itself properly on a grid. This feature is usually used in the way that you only
roughly position view elements on a grid (for example sewveral field views showing various spectra) and
then press 'g' to automatically align the objects on the regular grid pattern.

Here is an example. The graph below shows the situation with rough positioned elements (i.e. before
you press 'g'):
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Msthod  Import Start Export Workbook View [H| Menu.|

Then, after pressing 'g' to force automatic alignment, the main view looks like this:
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Msthod  Import Start Export Workbook View [H| Menu.|

The grid dialog
The dialog to set a grid's properties is the following:
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View grid dialog (=]
View grid properties

Sectors x: |4 Sectors y: |3

[v Draw lines in different colors set line color |

[ apply color scheme |Light gray filling with dark gray lines j

[ Use functions for line and fill colors (as given below)

Fill color red: |255"‘x"‘g.-'

Fill color green: |25 5FFy

Fill color blue: |255‘x"‘5r

Line color red: ||:|

Line color green:|[l

Line color blue: |255

QK. Cancel

The parameters Sectors x and Sectors y are used to set the number of rectangles in the x- and y-
directions, respectively.

The option Draw lines in different colors is used to activate or de-activate drawing of dividing lines.
If activated, you can set the color for the lines by pressing the Set line color button. The assigned
color is used unless you check the option to use user-defined functions for colors (see below).

Checking the option Apply color scheme you can select a pre-defined color scheme. This way you
can easily select one of seweral pre-defined designs.

Finally, checking the option Use functions for line and fill colors gives you the opportunity to
define your own functions for the line and filling colors. For the red, green and blue color component
individual functions can be assigned which can make use of the symbols x and y for the x and y
position of the individual rectangle. x ranges from 0O (left end of the grid area) to 1 (right end of the grid
area). y ranges from 0 (top) to 1 (bottom). Take into account that the RGB color system uses integer
values between 0 and 255 for each color component. The rounding to integers is done automatically
for the user-defined functions.

Here is an example. The dialog settings
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View grid dialog (=]

View grid properties

Sectors x: |4 Sectors y: |3

[ Draw lines in different colors Set line color I

[T apply color scheme ILight gray filling with dark gray lines LI

[+ Use functions for line and fill colors {as given below)

Fill color red: IEEE*}("‘y

Fill color green: IZEE

Fill color biue: IEEE*{l—x*y}

Line color red: |1U|:|

Line color green:llﬂﬂ

Line color blue: IlUU

QK. Cancel

will generate this view:
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File Project Update Objects Range S5tart Stop Fit parameterset  Actions Tools 7
Msthod  Import Start Export Workbook View [H| Menu.|

Assigning individual color to grid rectangles

In order to assign individual colors to grid rectangles you have to de-activate using a color scheme or
user-defined functions. Once this is done, you can click a rectangle while holding the Alt key down.
This will bring up a color dialog to set the rectangle's color. The graph below shows an example of a
color assignment done this way:
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-

& CODE C:\delphi_theiss\win_coat\grid_demo.wcd ==
File Project Update Objects Range 5Start Stop Fit parameterset  Actions Tools
Method Import Stast Export Workbook View Men: [

Using grid objects to generate a colored background

You can use grid objects to generate advanced color gradient backgrounds. In this case you have to
use a large number of rectangles. Be aware, however, that the drawing time for the background
should not get too large - the background is drawn again with every update of the view. Below some
examples are shown where the functions for red, green and blue and the result are given.

Deep sea

red =0

green =0

blue = 200*(x-1)*(y-1)
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Space

red = 155*exp(-((y-0.9)/0.2)"2)*exp(-((x-0.5)/0.4)*2)+155*exp(-((y-0.3)/0.1)"2)*exp(-((x-0.9)/0.06)"2
green = 155*exp(-((y-0.9)/0.2)"2)*exp(-((x-0.5)/0.4)"2)+155*exp(-((y-0.3)/0.1)"2)*exp(-((x-0.9)/0.06)"2)
blue = 255*exp(-((y-0.9)/0.2)"2)*exp(-((x-0.5)/0.4)"2)

Columns

red = 255*cos(((y/1.4)/1.8)"2*3*pi)
green = 255*cos(((x)/1)"0*2*pi)
blue = 0
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German edge

red = 66*exp(y™+x”2)
green = 66*exp(y™M+x/2)
blue = 66*exp(y4+x/2)

Blue

red =0

green =0

blue = 250*exp(y™4+x/2)
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Phantasy

As you can see in the last examples, you can develop very different color gradients if you are
inventive enough to generate user-defined functions. If you get the fever you should try new functions
with a moderate number of rectangles. Using many rectangles means to wait a long time for the
image to appear. Once you hawe a promising candidate you can increase the number to awid pixel
effects. Howewver, once you compute more than 10000 rectangles the images might be nice but
tedious to draw. In this case you can proceed like this: Compute the image with a large number of
rectangles and then use the command Actions/copy bitmap to copy the image a bitmap to the
clipboard - or use Actions/Save bitmap to store the image as bitmap file.

Finally you can delete the grid component and use a Bitmap view object to display the image as
background for your view.

Here are some phantasy grid images:

Space highway

red = 200*log(((x-px)"2+(y-py )"5)/ (x-px))+(x-px)
green = 150*log(((x-px)"2+(y-py )*5)/ (x-px))+(x-px)
blue = 100*log(((x-px)"2+(y-py)"5)/ (x-px))+(X-px)

with px = -0.01 and py = 1 (defined as master parameters).
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Blue yellow fountain

red = 250*x"2

green = 250*x"2

blue = 250*cos((x)*pi*4)*exp(y"2)

Flame3

red = 250*log(((x-px)"3.02+(y-py )2)/(X-px))+(X-pX)
green = 250*log(((x-px)"3+(y-py)"2)/ (x-px))+(x-px)
blue = 250*log(((x-px)"2.98+(y-py)*2)/ (x-pX))+ (X-pX)

with px = 0.16 and px = 0.45 (master parameters).
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Diagonal ...

red = 250*log(((x-1)"3.02+(y-1)"2)/(x-1))+(x-1)
green = 250*log(((x-1)"3+(y-1)"2)/(x-1))+(x-1)
blue = 250*log(((x-1)"2.98+(y-1)"2)/(x-1))+(x-1)
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9.4.1.8

9.4.1.9

Field view

Field view objects display SCOUT spectra, dielectric functions or distributions as well as average
spectra of colorbox objects. The graph is drawn within a rectangle defined by the Left, Top, Width
and Height parameters. The data to be displayed have to be defined by Drag&Drop: To display a
spectrum you have to open the list of spectra (from the main window: Objects|Spectra) and start in
the row of the desired spectrum a drag operation. The dragging has to end with a drop above the row
of the field view object in the view definition list. The example

50 Test view =3

Fil= Mews Edit Delete Update 3

B ER + v SIS- 44 ] |
Marae Left Top Width Height  |Source

1 |Example 1] 0 20 50

2 [SCOUT in the sand |50 50 50 50

3 | & spectnon a 50 50 50

creates the following view in the main window:

S SCOUT D:A\d3theiss\scout_98\helpitutoriall exditul ex. . W=l E3

File Update 0Objects RBange Start Stop  Fit parameter zet Actions 7
Method Import  Start  Export Workbook Viewr DMem E |

[

I:II:I:I.IH?“M:I =00 200 a0h TO0 LD WD IDDD 10D

Tavtlengh o |

Deviation: O0.0000268

During a parameter fit SCOUT updates the view in the main window if an improvement has been
achieved.

Besides spectra from the spectra list you can also drag dielectric function objects from the list of
dielectric functions to a field view object if you want to display optical constants in a view.

Workbook display (columns)

This object displays workbook data in a view. It can be used in the case where you have a column of
x-values and one or several columns of y-values and you want to display all y-values vs. the x-values.
In order to use an object of this type in a view, proceed like this: Open the workbook and select the
appropriate worksheet containing your data. Then select the cells that contain the x-values. The first
row may contain text which will then appear in the graph labeling the x-axis. Then, in a second step,
select the y-values. If you included explaining text for the x-values in the first row, you have to include
text for each y-column as well. All y-values must be in a contiguous selection as shown in the
example below:
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.| Workbook
File Copy Paste

Clear Graph  Autosize cells

101

|D. BE2861312250513

1
2
3
4
5
6
i

«» :eﬂcance fluctuation A Object ir%gnfn{%%eeﬂ 7

| B | ¢ | o | E
i Minimum  Maximum Difference
] 02703654 0.3070233 0.0366579
| 0. 2683055 0.3087274 0.0399218
0.2654737 03077937 0.04232
E] 0.26053130.3049132 0.04435819
10257585843 0.3051523 | 0.047268
0.2553825 0.304733 0.0493505

R e R Y et m Al ]

If the x- and y-columns can be marked in one contiguous selection, you can do so like in this

example:

*% Workbook

File Copy Paste Clear Graph Autosize cells

Cl7 0.5211383024330139 |-I

A B C D F o

1 LT Difference .

2 0.07050204277 0.5858036

3 0.1155665689 0.435054(

1 0.07494971156 03273553

5 0.04148003459 0.2889834(

6 0.01934441924 02790335

7 0.01903635263 0.2846925

8 0.03020632267 0.3139457(

9 0.0457 2457075 03519202

10 0.05949574709 03991963

11 0.07 147908211 0.48361280

12 0.084069967 27 0.5676957C

4 r Colors fluctuation A, T fluctuation A R fluctuatio <F[ »

After the cells are selected, you have to open the list of views in the main window of SCOUT (Object|
Views), select the view which shall contain the new graph and open its object list (Edit or right-

click):

File Mew Edit Paste Delete Export Update 7

BEY + |

-8 -

¥

Name Left  [Top  |Width  |Height |Soume
1i

Now create in this list an object of type 'Workbook display (columns)' and Update the display in the
main window of SCOUT:
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3 CODE C:\delphi_theiss\win_coat\test.wcd
File Update Objects Range Start Stop  Fit parameter set  Actions 7

Method Import Stat Export Workbook View

|

Selected graph: E A E j
r o

I I | e
|7

Mem I

I |
| ™|

Obviously, this graph needs some fine-tuning!
First of all, you can change the size of the object by dragging while the right mouse button is
pressed down. You can drag the object to a new position within the view using the mouse and
pressing the Caps key and the left mouse button simultaneously. Try to manage something like

this:

5 CODE C:\delphi_theissiwin_coat\test.wcd

File Update oObjects Range Start Stop  Fit parameter set Actions 7
Method Import  Start  Export Workbook  Viewr Mem I
Title of test plat
2.0
S Mininnm
e — Mazimmm
o S Difference
B
==
1.0 4
0.0 T T T T T T T T T
oo o0l 02 03 04 05 06 07 08 0% L0
Wavelength
Selected graph: R 4 E KN e '
BN og § gt

Now, click the graph while the Ctrl-key is pressed down in order to get access to all the graphics
parameters. You will go through three dialogs if you have selected multiple columns of y-data. If there
is only one column of y-data the last two dialogs are skipped.
The first one gives you the chance to modify the graphics parameters like in many other SCOUT
objects. See the SCOUT graphics course for the meaning of all the parameters. In this example, |
have made the following settings:
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2D graphics parameters

Title: |Tesl workbook display [columns]) Height: | 7 o
Load Frame mode: (3 Pen data: 4
Line mode: |4 Pen frame: 1
Save
Grid line mode: |3 Pen gnd: 1
X-axis y-axis
Text: |Wavelenglh |Transmission
Height: 7.0 7.0
Unit:  |nm
Unit factor: | OE +0000 _DE+0000
Minimum: 200 0.000
Maximum: 2500 1
Tick spacing:  [sgp 0.3
Decimals: ’|]_ ’1_
Oftset: 50.00 35.00
Length: 200.00 150.00
[~ logarithmic scale [~ logarithmic zcale
X cweo

261

When you have closed this dialog the next one opens which shows a list of all the columns of y-

data:

. List of spectra

CEBEX

File Mew and impart  Impart

Delete  Autocolor  Sort

Set all spectral units  Update 7

- ¢ ¥ E
Parameter| Color |Lme Tipe |Active |Na.m.e |Filen.a.me Spectral Tnit |
1 1 1 actire Dlinireoum Licm
2|0 2 1 active  Dlasdromm Licm
30 3 1 active  Difference Liem

In this dialog (borrowed from Collect objects) you can ignore most of the items. In this context you
should use the dialog to change the color and line type of each set of y-data (see the graphics
course for available colors and line-types). With a right-click you can toggle the status 'Active’.
Only 'active’ data sets are displayed in the graph. Try this assignment:

. List of spectra

File Mew andimport  Import  Delete  Autocolor  Sort Set all spectral units Update 7
- 44 B
Pa.ra.m.eter| Ciolor |]'_me Tipe |Active |Na.m.e |Filen.a.me Spectral Unit |
11 1 11 active  Tolindreoorn Liem
2|2 2 12 active  Iaximum Liera
3|3 3 1 Liera

and then close the dialog.
Finally the dialog controlling the appearance of the legend is opened:
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9.4.1.10

iE: Legend parameters E@EJ

Top position: 170

Left position: ’2057
‘width 5
Text height: ’87
Mode: ’17

Cancel

Here you can change the position and the width of the legend box. All numbers are to be given in
mm, also the text height.

The mode parameter determines what is shown in the legend: A value of 0 suppresses the drawing of
the legend, with 1 the legend will show the name of each data set, with 2 the numerical value
assigned to the data sets are given, and with 3 both the names and the numerical values are shown.
Once you have closed this dialog the main window re-draws the view according to the new settings:

& CODE C:\delphi_theiss\win_coat\test.wcd M=13
File Update ©Objects Range Start Stop  Fit parameter seb  Ackions 7
Method  Import  Start  Export  Workbook  View Merm I
Test wotrkbook display (columns)
1.0 T . .
=
b=
&
g
[_‘
0.0 ; } } } |
500 1ooa 1500 2000 2500
Wavelength [nm)]
Selected graph: E A E EN o v
o I |

From now on the new 'Workbook display (columns)' object is tightly connected to the selected
workbook cells. If the cell contents change due to recomputations an update in the main window will
cause the display object to get and display the new data.

In the present version of this object type it is not possible to change the referenced workbook range
afterwards. If you want to display the content of a different workbook range you hawe to create a new
object as described in the top of this page.

Workbook display (rows)

Objects of this type work exactly the same way as Workbook display (columns)objects, with the
only difference that workbook rows instead of columns must be selected to deliver the data for the
data sets.

Here is an example. After the following cells have been selected in the workbook
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3% Workbook
File Copy Paste Clear

Graph  Autosize cells

v |-EI.EI1 30772530657 207

E

| G

1

» |, Calors fluctuation A T fluctuation A, R fluf <

a creation of an object of type 'Workbook display (rows)' and appropriate graphics settings lead to

the following picture:

& CODE C:\delphi_theiss\win_coat\test.wcd

File Update oOhjects Range Start Stop  Fib parameter set  Ackions 7
Method  Import  Start Export Workbook  View Mem I
Color fluctuation
2
« 17 " =
=] L]
u - -
0 l
u u
L m ]
L]
L]
-1 = -
-2 T T T
-5 -4 -3 -2 -1
a*
Selected graph: R j 3 ﬂ 3
Kl e _ |

EEX]

9.4.1.11 Deviation view

This object type is used to display the current fit deviation in a view. It works exactly like text view
objects, with the difference that the displayed text is given by the value of the fit deviation.

9.4.1.12 Rating view

This object type is used to display the current rating. It works exactly like text view objects, with the
difference that the displayed text is given by the current rating result.
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9.4.1.13 Sample view

This object type is used to display the current sample identification in a view. It works exactly like
text viewobjects, with the difference that the displayed text is given by the name of the current

sample.

The sample identification is set when you execute the Import command in the speedbar of the main
window, or in the File|Options|Sample description menu command.

9.4.1.14 Layer stack view

Starting with object generation 2.26, layer stacks can be drawn in views like in the following

example:

2. SCOUT C:\de Iphi_theiss\scout_98\test.sc2

File Update Objects Range Start Stop  Fit parameter sek  Actions  Tools #
Method Import  Start  Export Warkbook  View Mem E
Glass substrate Glass substrate 51 substrate
1.0 1.0 1.a
L)
3 2 8
g 03 = 0.8 \/ g 03
B g E
i 5 =
& 0.6 & 0.6 / o2 06
0.4 0.4 j 0.4 Jn
0.z \/\/ 0.2 j 0.z AV U/\ /\ /
0.0 0.0 0.0 t
200 400 600 300 100 200 400 a00 300 1000 200 400 600 300 1000
Wavelength [nm] Wavelength [nm] Wavelength [nm)
Thickness [fnm]
0.0 366.3 1o00.0
Vaomm
Tniversal oxide
Vaopum 3665 mm
TUniversal oxide 5102 (MIR-VIIV)
366.3 nm Vammm 14.2 nm
5102 (MIE-V1TV) Universal oxide TUniversal oxide
14.2 nam 36853 mm 1254 nm
Universal oxide 502 (MIR-VUT) $i02 (MIE-¥1I¥)
1254 nm 142 nm 2.0 mm
Glass (mucroseope shide), Vis Universal oxide 51 [erystalline, MIE-VIIV)
1.000 run 125.4 nm 0.300 run
Vampum Vampm Vaomm
Selected graph: R AE KN [N | Mo sample 1D Deviation: 0.5382136  Rejected
B

In order to display a stack in a view, open both the list of view elements and the layer stack list. Then
drag the wanted layer stack to the list of view elements and drop it there as indicated in the next

graph:
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lex

E /' |
Mew Edit Delete Update Color
+ 8§ - 4 ¥ B + | W= 44 E
Mame Harue [Ceft  |Top  |Width  [Height [Somss
1 [Test layer | 1 |Background ] i] 102 102 Cidelphi
U 2 |Test lazrer on Si-wafer ] iR(glass) 3 0 EX] 50 R. (glass)
_| [Teat layer on rcroscope shds | 3 |T (glass) CEA ] EE) s T (glass)
) 4 | R (wafer) 6166 0 3 30 R (wafer)
.'T Thickness [nrd] 310 504 302 g Stack 1 Le
..ﬁ st lagrer on microscope slide 10 o0 25 5
Thicky Th\ 0 SR 5
IR}
I |

The layer stack view will be added to the list of view elements and you can set its size properly. The
definition of position and size of layer stack view objects is a little different from other view elements.
Please read the following rules carefully before you try to use layer stack view objects.

Position

Most view objects are drawn in a rectangular box. The upper left corner of that box is usually defined
by the 'Left' and "Top' parameters. In order to properly position layer stack objects in a view, for this
object type the position is defined differently: The 'Left' and 'Top' parameters define the upper
left corner of the bottom halfspace of the layer stack as indicated below:

Vacpam
Universal oxide
366.9 nm
5102 (MIR-VUT)
142 nm
Universal oxide
123.4 nom
802 (MIR-VII¥)
2.0 num
§i (exystalline, MIR-VUV)
0.300 mum

\ Vacwam
Size

The rectangle defined by 'Width' and 'Height' is not the rectangle including the whole view object as
usual. Instead, for 'Layer stack view objects' it defines the size of a single layer in the layer stack.
This is indicated by the black rectangle in the following graph:

Vaomm
Universal oxide
10000 mm
502 (MIR-VTV)
14.2 rom
Universal cxide
123.4 nm
5102 (MIR-¥UY)
2.0 nm
i (erystalline, MIR-VIIV)
0.300 mm

Vammm

Hotspot

The 'hotspot' to move, re-size, right- or double click a layer stack view object is indicated by the red
rectangle in the area of the bottom halfspace shown below:
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Vamnum

502 (MIE-YUV)
142 rm

502 (MIR-YUV)
2.0 nom

Please note that this is different from most other view objects. You can easily miss a layer
stack view object working intuitively.

9.4.1.15 Multiple spectra view

In configurations like this

' CODE C:\my_code\CODE\database\configurations\low-e coating demo.wed =N |
Method  Import Start Export Workbook View Menu i|
T
10
E s
i
&

Vacuum

Si3Ng L* /D65 2° (RC, Simulation)
46.9 nm
Ag model (TL) b* /D65 / 2° (RC, Simulation)

18.0 nm

Solar transmittance (ISO 9050) (T, Simulation)

Glass (float glass model)
4.000 mm E e
Vacuum 2

=

= 05
04
02
00 T T y T

46.9 Stack 1 Layer 2 Si3MN4: Layer thickness 500 1000 1500 2000 2500
‘Wavelength [nm]
18.0 Stack 1 Layer 3 Ag model (TL): Layer thickness
er 4 TiD2 | (Jellison): Layer thickness a R glass sida

g o o

=

2 05
04
02
00 T T T T

500 1000 1500 2000 2560
Wavslength [nm]

you might want to save some space. You can do so by using a view object of type 'Multiple spectra
view' which displays many spectra in one graph.

You can display 2 sorts of data: Dynamic (i.e. eventually changing) spectra of the current optical
model (all spectra in the list of spectra, but also optical constants of materials in the list of materials)
and static spectra imported from data files.

Multiple spectra view objects show all spectra in a single graph. The settings are defined in a window
like the following:
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P

5 Collector e

File Range Mew andimport Show List Update Autocolor Graphics xport  Clear list  Workbook

U
&y Setup B Lekt - Right Forw. Backw. % @ E O

m

1.0

0.8 1

Data

0.6 1

0.4 ~

0.2 1

0.0 . . . .
1000 2000 3000 4000 5000

Wavelength

Using the Range command you define the spectral range of the displayed data. If the source data
(see below) are defined in a different range (even with a different spectral unit) the data required for
the display are generated by interpolation. Once the data are computed they are displayed using the
current graphics settings (defined in the Graphics submenu). The graphics settings including the
axis definitions can be done independently from the spectral range used to compute the data.

Importing external spectra
External spectra can be imported using the command 'New and import'. You can select multiple files

to be imported. If you do so, it is recommended to click the last spectrum first in the file dialog and
then mowe to the first spectrum, clicking it with the Shift key hold down. This way the order of the
files is preserved which may be important for the following actions:
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= Offnen (e
Suchen in: | | ag_reflection_spectra j - i
= Mame . Anderungsdatumn Typ Graf
e
e ag_l.std 3/6/1999 408 PM  OpenOffice.org 1.
esuchte
Orte ag_l.std 3/6,/1999 4:09 PM OpenOffice.org 1.... .
ag_3.std 3/6,1999 4:09 PM OpenOffice.org 1.... |=
! [# ag_d.std 3/6/1999 4:11 PM OpenOffice.org 1.... ‘
Desktop ag_5.std 3/6/1999 4:11 PM OpenOffice.org 1. R |
— ag_ﬁ.std 3/6/1999 4:11 PM OpenOffice.org 1....
Iﬂ i ag_J.std 3/6/1999 4:12 PM OpenOffice.org 1....
[
Wnﬁ!ﬁang ag_ﬂ.std 3/6/1999 4:12 PM OpenOffice.org 1.
ag_g.std 3/6/1999 4:13 PM OpenOffice.org 1.
F ag_lﬂ.std 3/6/1999 4:13 PM OpenOffice.org 1.,
o ag_11.std 3/6/1999 4:13 PM OpenOffice.org 1.... =
Computer *"_|| = ; n
L-' Dateiname: |"ag_1 std"” "ag_2 std" "ag_J3.std” “ag_4 std” "Eﬂ Offnen
-2
Netzwerk Dateityp: | SCOUT standard format j Abbrechen

[ Schreibgeschitzt offnen

After data import and defining appropriate graphics settings the graph may look like this:

© 2019 Wolfgang Theiss




SCOUT technical manual Views 269

™ collector (o [=][==]

File Range Mewandimport Showlist Update Autocolor Graphics Export  Clear list  Workbook

U
&y Setup B Lekt - Right Forw. Backw. % % @ E O

Silver films on glass — st

1o nams

—_— o nams
o natns
o nams
0 Nains
o nams
= o nams
T 10 nams
o nams
_—— o nams
o nams

Reflectance

o nams
o nams
o natns
=& o nams
— o nams
o nams
—_— o0 nains
o nams
0 Natns

200 400 600 800 1000
Wavelength [nm]

Since all spectra have the same label, we have to do some more work. Click on Show list to open
the internal list of spectra of the object:
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'S List of spectra

[= =] =]

File Update Import MNewandimport Autocolor Parameters  Set all spectral units  Color  Delete  Actions  Delete all
+ =4 ¢ E
Parameter Coler | Line Type Active Name Filename Spectral Unit
717 0.0000000 1 1 active  JiEiEh C\presentations'miloropackseminar 200 nm
2 0.00000002 1 active | noname C:\presentations'mikropack|seminar20( nm
73 0.00000003 1 active | no name C\presentations'miloropack seminar20( nm
"4 0.0000000 4 1 active  no name C!presentations'miloropackseminar20( nm
75 0.0000000 5 1 active | no name C\presentations'mikropackseminar 200 nm
76| 0.0000000 6 1 active  no name Cpresentations'mileropackseminar2(0 nm I
7 0.00000007 1 active | no name Cpresentations'mikropack seminar200( nm
78 0.00000008 1 active | no name Cpresentations'mileropackseminar200 nm
797 0.00000001 1 active | noname C:\presentations'mikropack'seminar20( nm
[10] 0.00000002 1 active | no name Cpresentations'milrropackseminar200 nm
11| 0.0000000 3 1 active | noname C:\presentations'mikropack|seminar20( nm
12 0.0000000 4 1 active | no name Cpresentations'miloropack seminar 200 nm
[13] 0.0000000 5 1 active | noname C:\presentations'mikropack'seminar20( nm
18] 0.0000000 6 1 active | no name Cpresentations'miloropackseminar 200 nm
[15] 0.0000000 7 1 active | noname C:\presentations'mikropackseminar20( nm
[16] 0.0000000 8 1 active | no name C\presentations'miloropack seminar 20 nm
(17 0.0000000 1 1 active  no name C!'presentations'mileropackseminar2(( nm
18] 0.00000002 1 active | no name Cpresentations'mikropack seminar200( nm
[19] 0.0000000 3 1 active | no name Cpresentations'miloropackseminar20( nm
120] 0.00000004 1 active | no name Cpresentations'mikropack seminar200( nm
(21 0.0000000 5 1 active | no name C'presentations'milrropackseminar200 nm
122 0.00000006 1 active | noname C:\presentations'mikropack!seminar2 0 nm

As a first action we can use the command Actions/Set filenames as spectrum names. This way

the 'no name' labels are replaced by the filenames. Clicking on Autocolor (which assigns colors and
line types automatically) and File/Options/Use control characters when drawing text (this option
regulates the use of the underscore character) one gets the following graph:
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i

M Collector ===

File Range Mewandimport ShowList Update Autocolor Graphics Export  Clear list  Workbook

N Up
@ Setup ¥ Left - Right Forw. Backw. J— @ @ ﬂ E

b e g_1 std
Silver films on glass — = il
ag 3.std

— az_4.std

F
S

ag S.std
ag_B.std
----- ag T.std
----- ag 3.std
ag 9.std
----- ag 10.std
ag_11.std
ag_12.std
----- ag_13.std
————— ag_ 14 std
ag_15.std
————— ag_16.std
ag_17.std
ag_18.std
e ag_19 std
= ag_20.std
ag_21.std

S ag_ 22 std

Reflectance

200 400 600 800 1000
Wavelength [nm]

In the main view this would look like this:
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-

& cope Chmy_code\CODE\database\ configurations' low-e coating demo.wcd (o ==
File Project Update Objects Range Start Stop Fit parameterset Actions Tools ?
Mszthod  Import Start Export Workbook View Menu E|

L* / D65 | 2° (RC, Simulation) 345732

b* I DB5 J 2° (RC, Simulation) 3.5970
Vacuum x = -
SiaNg Solartransmittance (150 9050) (T, Simulation) 05188

46.9 nm
Ag model (TL)
18.0 nm

az 1.ztd
az_2.std
az_3.=td
2z d.ztd
&g 5.=td
ag_G.ztd
az_T.ztd
3z Band
az Doztd
ag_10.std
az_11.=td
az 12.std
ag 13.ztd
az_14.std
az_15.ztd
ag 16.5td
ag 17.ztd
az_18.std
az_19.=0d
az_20.z0d
az 2l.ztd
&z 22.=td

Silver films on glass

Glass (float glass modely
4.000 mm
WVacuum

Reflectance

48.5 Stack 1 Layer 2 S5i3N4: Layer thickness

18.0 Stack 1 Layer 3 Ag model (TL): Layer thickness

4 TiOZ | {Jeliison): Layer thickness

200 400 600 800 1000
Wavelength [nm]

As you may have seen there are also symbols indicating that you can generate 3D graphs. In order
to do so, the position of the spectra on the so-called parameter axis must be defined by a number
called 'parameter'. This can be a temperature, a partial pressure of a reactive gas or, as in this case,
the deposition time. Open the internal list of spectra to type in the parameter values in the first
column. You can sawe a lot of typing work, if the spectra are already ordered in the list. Then apply
the command Parameters/Setto 0, 1, 2, 3, ... or Parameters/Set to 1, 2, 3, ... to set parameter
values automatically for the whole list. You can modify existing parameters using the commands
Parameters/Multiply by constant factor and Parameters/Add offset. If, after your manipulations,
the parameters are not ordered any more you have to apply the command Sort. Then you are ready
to click on one of the 3D graph symbols to get a display like this:
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Reflectance
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of a false color plot like this:
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False color plot use a color gradient starting with the color of the grid pen (yellow in this example)

and ending with the color of the data pen (blue).

Displaying dynamic model spectra

Besides showing data from external data files, multiple spectra view objects can also display spectra
that change as part of the optical model. In order to display the data of an existing material or
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spectrum object you have to specify the name of the object in the name column. In addition you have

to indicate the wanted spectrum.

Available spectra for reflectance and transmittance objects are
o (simulated): refers to the simulated spectrum
o (measured): refers to the measured data
o (target): stands for the target spectrum
o (reference): for the reference spectrum

Valid names are then RC (simulated) or T (measured) if objects in the list of spectra named 'RC' and

T exist. Here is an example

P

'S List of spectra

File Update Import MNew andimport Autocelor Sort Parameters  Set all spectral units  Color  Delete
Actions Deleteall 7
+ -+ 4 E

Parameter Color  Line Type | Active |Name Filename Spectral Unit
1 | 0.0000000 1 1 active  RC (stmulated) nm
21 000000000 2 1 active | RG (simulated) nm
3 | 0.00000004 1 active  PMESTNEIG] nm

with 3 simulated spectra in one graph:
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" CODE C:\my_code\CODE\database\configurationsilow-e coating demo.wcd [=n o
File Project Update Objects Range Start Stop Fit parameterset Actions Tools 7
Mszthod  Import Start Export Workbook View Men: g |

L* / D65 | 2° (RC, Simulation) 345732

b*/ D65/ 2° (RC, Simulation) 3.5970
Solar transmittance (IS0 9050) (T, Simulation) 0.5188

455 Stmckq Layer 2SN Lsper icimess

1530 Stack 1 Layer 3 Ag mode] (TLY Layer fidness Sﬂvetﬁh:songlass

1.0
4 TH02 1 {Jemisony Layer Tilcknass 09 i T(m- “hM)
0.3 1
0.7 q
0.6 1
0.5
0
Vacum
0.3 1 M
- 46.5 nm
o g model (TL)
0.1 - 18.0nm

o
[y}

Reflectance

0.0 T T . x
500 1000 1500 2000 2500 Sz (et gizss model)
Wavelength [nm] o

You can also display optical constants in multiple spectra views. In this case you hawe to refer to the
name of the material and specify in addition which quantity you want to display:

o (n) : real part of the refractive index

o (k) : imaginary part of the refractive index

o (real part df) : real part of the dielectric function

o (imaginary part df) : imaginary part of the dielectric function

o (alpha) : intensity absorption coefficient

o (energy loss) : energy loss function

Here is an example:

© 2019 Wolfgang Theiss



SCOUT technical manual Views 276

9.4.1.16
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Drag&Drop creation
You can drag spectra from the list of spectra and drop them on multiple spectra view objects. In this

case the view object generates 2 new items in the internal list of spectra, displaying the simulated
and measured spectra of the dropped object.

In a similar way you can drag&drop materials to multiple spectra view objects, which tells the object
to generate displays of n and k of the dropped material.

List view

List view items display the content of a list in a view as a table. The display is generated in 2 steps:

e First you create an object of type List view in the list of view objects
e Then you drag the list that you want to show to the list view object and drop it there

The edit dialog of list view objects is as simple as this:

-

list_view_editor [=2]

List wiew settings

Title: |G|:|1J'|:al constants

Style:  |Plain text |

K | Font color Background color Cancel

You can enter a title, select the display style and the font and background colors.

© 2019 Wolfgang Theiss



SCOUT technical manual Views 277

9.4.2
9.4.2.1

In general list view objects show all columns that the original list shows as well. In some cases,
however, the number of columns is reduced in order to make the list easily readable. Here are some
examples of list views:

" CODE C:\delphi_theiss\win_coat\list_view_demo.wcd =N =R
File Project Update Objects Range Start Step Fit parameterset  Actions Tools 7
Mathod  Import Start Emport Workbook View Mens [

Technical data

Current value Target value
8341

00

500 1000 1300 2000 2500
Wavelength [nm]

Access to list items

In complex configurations with many materials, layer stacks and spectra it makes sense to work
with list views as 'jump centers": A click on the title opens the original list, a click on a listed item
opens its dialog (in most cases). Displaying the list of spectra as shown in the example above gives
immediate access to all spectra without moving to the relevant treeview branch.

Action items
Parameter slider

This object is used to display and modify the value of a model parameter in a view. The current
parameter value is displayed as position of a vertically moving slider. You can mowe the slider with
the mouse and modify the parameter value this way.

Once have created an object of this type, you hawe to select the model parameter in a dialog like the
following (similar to the one for fit parameter selection):
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E‘i

Farameter range:
Iinimum Paints F aximum

|D |11 |1

Carcel_|

Please select one parameter only!

After you have closed this dialog, you have to select a color for the slider text (a dark color like black
or blue is recommended) and the parameter variation range (minimum and maximum). Finally, you
should enter an appropriate name for the slider object in the view list and adjust the size of the slider
in the view to your needs. Here is an example (name of the object: 'Angle of incidence', parameter
range: O ... 80 degrees, current value: 19 degrees):

| SCOUT C:Ademo_doc\developlsilicon_wafer.sc2 |._||E||£|
File Update Objects Range Start Stop  Fit parameter set Actions 7

Method  View Merm [

Angle of meidence
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9.4.2.2 Vertical bar

Objects of this type are very similar to horizontal bars but they display the parameter value using a
vertial bar. The example below shows two vertical and two horizontal bars in a view:

5. SCOUT C:\0PUS_NT\analysis\dia_on_sub_new.sc2 =]E3
File Update ©Objects Range Stark Stop  Fik parameter set Actions 7
Method  Import  Start Export Woarkbook  Viewr erm I
Thickness
0.000a 21.5235 50.0000
g 10
+ 08 .
s = 08 et
0254571 2 0914903
o
= 0
= 06
N 2
ED 05 \
04 / /N A e
1 VN N
0s
0z
0.l
oo
00 1ao0 1100 1200 1300 1400
Warernntber [1fom]
Foughness
0.00ac 1.2125 5.0000
Selected graph: R A E B il _
Spectrum 1142.59,0823 || 1 e 1

9.4.2.3 Horizontal bar

Objects of this type are created and work exactly as Parameter slider objects. The only difference is
the display style in a view which is (no surprise) a horizontal bar. The parameter value can be 'moved'
with the mouse. Bar displays are more compact than parameter sliders, so you can use more of
them in a view like in this example:
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31 SCOUT C:\demo._doc\develo p\drude_model.sc2
File Update objects

Method — View

Range Start

1n

Jon 1000

1700 2000

Reflectance

[ J S—

Skop  Fit parameter set  Actions

a

Trarem ittar

¥

1n
L1

I 1000 1100 2000 2500
Waw kngth [1am]
I, fhoim i on glase

Selecied graph: E A

Ot const,

I L4 I Mo sample 1T Dieviatiod

_| o]
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9.4.2.4

9.4.2.5

Fit parameters

This view object automatically shows all fit parameters as horizontal bars in a rectangular box like in
the example below:

[ copE Wifirma\Kunden\Unis\Yeungnamizto_fit_relative_spectrum.sc2 = || B ER
e Project Update Objects Range Start Stop Fit parameterset  Actions Tools 7
Mathod  Import Start Export Workbook View Menn [
Demo configuration P
Visible spectral range Sample: No sample ID 0
Fit deviation: 0.0196977 337.6nm
Enter your comments here! Rating: Rejected Glzzs (ot glzss modsl)
- 1.000 mm
Vacuum
Fit parameters: Transmittance
7]
3376 Stack 1 Layer 2 TCO: Layer thickness = 100
S 90 A
9761.4941 TCOj)mde:plaama&u]\mcyi =
=
8509028  TCO:Drude: damping | 7] 80
£ 70
11442 JF(:O.OJL. Strength =
[6074.0273 TCO:0IL: Gap snerzy ‘ E 60
=
1742.8137 TCO:OIL: Gamma | = 50 1
2
17406003  TCO:n0 | E 40
P2723.0137 TCO:0IL: Decay | 30
6325685  TCO:UV: oscillator strength 20
[9735.8008 TCO:Broad: rasonapics fraquency 10
1192.7086  TCO:Broad: oscillafor strensth 0 ‘ i i ‘ i i i
300 400 500 600 700 800 900 1000 1100
35963578  TCO-Broad: dampie Wavelength[ J
Selected graph: R AE L] K| | No sampis ID Deviation: 0.0196977 Rejected
R K1 = i || = i |

You can click the small rectangles at the left or right end of a bar in order to type in the value of the
minimum or maximum of the parameter range.

Be careful changing parameter values with mouse movements: You can easily set unwanted values
for parameters, and there is no undo-option!

Jump to configuration

Use objects of this type to load a new configuration, i.e. they work like a hyperlink on a web page.
The current configuration is given up without warning - changes made to it are lost. Make sure that
the user is aware of this and does not expect changes to be saved automatically.

Obviously 'jump' objects are meant to help to organize your work. Instead of searching configuration
files in a folder structure you can place jumps to your favorite configurations on 'directory' pages. This
way you can move to the wanted configuration with a few mouse clicks.

Here is an example of a 'directory page' with several jump to configuration' objects:
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-

|7 cope Chdelphi_theiss\win_coat\optics\wave propagation\wave propagation overview.wcd (== ]==]
File Project Update Objects Range Start Stop Fit parameterset  Actions Tools ?
Mathod  Import  Start  Export  Workbook  View Menu E|

Waves at interfaces

A light wave reaching the boundary to another material is vsually not complately transmitted
through the interface. In most cases a reflected wave is observad.
Wave at interface animation

The incident wave as well as the transmitted and reflected lisht waves have all the same - incident wave

frequency. However, the wavelength of the incident and reflected waves may differ from the - transmitted wave

wavelength of the transmitted wave (since they move in different materials with different - reflected wave

optical , Le. diffs lociti

Given a direction of the incident wave and the surface normal of the interface, the direction of Wave at interface animation
the raflectad and transmitted waves ars lataly d in=d. At the i face cartain rules

for the continvity of the electric and magnetic fislds apply (following from Maxwell's
equations). As a consequence thers is only one possible dirsction for the reflected wave. The
same applies for the transmitted wave. The new directions are given by the laws of raflection
and refraction.

How much light is reflected and transmitted in the allowed dirsctions depends on

. il sl el kv b o s ol el i bl s Bl v viche il
- the complex refractive index of the material behind the interface

- the angle of incidence

- the polarization of the wave

The detailed axprassions for the amplitudes of the reflected and transmitted waves are called
Frasnel's equations. Taking into account the wave amplitudes, the zeomestric angles and the
spesd of light in the adjacent ials one can the i ities of the rafl d and
transmittad radiation.

1
IIIE
E

... hack to overview

The colored rectangles on the right side are jJump to configuration' objects. Pressing the ctrl-key and
clicking on the text 'Wawe at interface animation' opens the ‘jump’ object in edit mode:

Define jump to configuration [22]
Wave at interface animation &
-incident wave

- transmitted wave
- reflected wave

QK Font color [¥  Background color v Automatic word wrap Cancel |
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The first dialog shown abowe is exactly the same as the one for 'Lines' objects. You can enter several
lines of text to describe the jump. In contrast to 'Lines' objects the first line of a jump to configuration'
object is drawn using bold characters. The idea is to have a kind of title of the jump in the first line
and - eventually - some more descriptive text below.

When the text is ready you press OK to close the dialog and open the next one which lets you set
the jump target:

-~

Define jump to configuration 124

Define configuration file to jump to

Filename: |C: \demo directory\opticswave propagationtinterface_animation. weod Select

[~ File located in database folder

[ Download from website

QK Cancel

Depending on the application there are different ways to define the location of the new configuration.

Absolute path

Clicking on the 'Select' button opens a file pick dialog which lets you select the wanted configuration
file. The complete path to the file is entered in the edit field as shown in the example above. This way
you get an absolute path definition which is good if you want to jump to configurations on a dedicated
computer, scattered all over the file system.

Relative path

If you want to generate a sequence of configurations that you want to send to other users it is better
to work with relative path definitions. In order to do so, you have to save all configurations of the
series in a subfolder structure of the program directory. If you have done this using the folder name
‘optics’, for example, you can delete the leading part of the absolute path and keep the partial text
'optics\wave propagation\interface_animation.wcd' like shown below:

-

Define jump to configuration 3

Define configuration file to jump to

Filename: ||:||:|ﬁ|:s'|,wa'-xe propagationinterface_animation. wed Select

[ File located in database folder

[ Download from website

QK Cancel

The program looks for the characters "' and \\' in the path definition. If one of them is found an
absolute path is assumed, otherwise a relative path is used to locate the target file.

Path within the database
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9.4.2.6

9.4.2.7

9.4.2.8

9.4.2.9

9.4.2.10

9.4.2.11

If you check the check box 'File located in database folder' the program takes the relative path
specified in the edit box and adds it to the database folder named 'config_templates' to get the final
location of the target file (which could be something like 'c:
\code\database\config_templates\optics\wave propagation\interface_animation.wcd’).

Use this way to address jump targets if you work with shared database folders in your company
network.

Download from website
This option is used by W.Theiss Hard- and Software only to prepare configuration downloads from
our website. Normal users do not have the rights to place configuration files on our web space.

Next view button

A click on this object will tell SCOUT to load the next view. The action is exactly the same as if the
button View' in the tool bar is pressed.

Besides the click action, objects of type 'Next view button' are like Metafile view objects. When they
are created the graph called 'next_view_button.emf in the subfolder pictures of the SCOUT directory
is loaded into the object. You can change the displayed graph by pasting vector graphics from the
clipboard or loading a different metafile graph using the Edit command (see the description of

metafile view objectsfor details).

Previous view button

This object type behaves like 'Next view button' objects, but switches to the previous instead of the
next view. The default graph for the object is taken from the metafile '‘previous_view_button.emf' in the
subfolder pictures of the SCOUT directory.

Next configuration button

This object is a button which switches to the next configuration if SCOUT displays a presentation.
The default graph for the display of the button is taken from the metafile
'next_configuration_button.emf in the subfolder pictures of the SCOUT directory.

Previous configuration button

This object is a button which switches to the next configuration if SCOUT displays a presentation.
The default graph for the display of the button is taken from the metafile
'next_configuration_button.emf in the subfolder pictures of the SCOUT directory.

Acquire button

This object is a button which activates the acquiring of new spectra of all spectrometers, like the
menu command Actions|Acquire. The default graph for the display of the button is taken from the
metafile 'acquire_button.emf in the subfolder pictures of the SCOUT directory.

Script

Script objects execute seweral lines of commands when the user clicks on the object. The Script
object type is based on the object type 'Lines', i.e. it can display several lines of text with an optional
background color filling the rectangle. Basically you can consider it to be a button that starts an
action.

The edit command of a script object brings up the following dialog:
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Seript1 £
Automation script

Description as it appears to the user in a view:

Dema script e
Click on this rectangle to execute the script lines ...

QK Font color [+  Background color [v Automatic word wrap Cancel

The script:

edit master parameter, factor -
update data

update plot

Protection: [ Chedk password when user tries to edit script Password:

The text field on top lets you write the description to inform the user about the script. The first line of
the description will be displayed using bold letters.

The bottom part contains the script lines that are executed. Each line must contain one command.
Each command may have sewveral parts, separated by commas. The commands available at present
are described below.

If you want to awoid that the user can change the script object you can check the 'Check password
when user tries to edit script’ option and set a password in the password editor.

The tables below show the available script commands with and without additional parameters.

Script commands without parameters

Script command Explanation
acquire Tells all spectrometer objects to acquire spectra

automatic export of measured |Exports all measured spectra to the folder specified for
spectra automatic spectrum export.
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Script command

Explanation

automatic export of measured
spectra to csv files

Exports all measured spectra to the folder specified for
automatic spectrum export, using *.csv file format

automatic export of measured
spectra to excel files

Exports all measured spectra to the folder specified for
automatic spectrum export, using Excel file format.

automatic import of measured
spectra

Executes automatic spectrum import for the current
sample description

automatic import of measured
spectra from csv files

Imports all measured spectra from the folder specified
for automatic spectrum export, using *.csv file format

automatic import of measured
spectra from excel files

Imports all measured spectra from the folder specified
for automatic spectrum export, using Excel file format

clear workbook

Clears the workbook

connect to ado database

Connects to the Microsoft SQL database using the
access data defined in the SQL section

connect to first mysql database

Connects to the first MySQL database using the access
data defined in the SQL section

connect to second mysq|
database

Connects to the second MySQL database using the
access data defined in the SQL section

data acquisition: do it

Starts a series of data acquisition events.

data acquisition: edit delay

Lets the user set the delay between measurements in a
series of data acquisition events.

data acquisition: edit number of
measurements

Lets the user set the number of measurements taken in
a series of data acquisition events.

do not search path containing
optoplex csv files

Sets a flag to false, skipping explicit folder search for
Optoplex csvfiles. Use this option after the user has
selected the folder and you want to use this folder from
now on for the following actions.

edit climate

Opens a dialog to set climate parameters for integral
quantity computations (CODE only)

edit sample description

Lets the user modify the sample description in a dialog

edit sample description exit
script after cancel

Lets the user modify the sample description in a dialog.
If the user exits the dialog by pressing the Cancel
button, the following script lines are ignored.

edit username

Lets the user change the username. You can use this
command to have operators type in their name, for
example.

edit window tilt angle

Opens a dialog to set the tilt angle of a window glazing.
Used for some computations in CODE.

exit program

Quits the program

export data acquisition results
to workbook

Writes the final numbers and the spectra to the
workbook sheet 'Data acquisition results'. If the sheet
does not exist it is generated.

export fit results to workbook

Exports the current fit results to the workbook. If the
workbook has the correct structure, a new column is
added. Otherwise the correct workbook structure is
generated, erasing the current workbook.

export results to sql database

Exports current sample, spectra and analysis results to
the selected database
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Script command

Explanation

extract single spectra from
optoplex csv files

Lets the user select a folder which contains Optoplex
5.1 csvfiles with data acquisition results. Individual files
are generated in the subfolder \single files\'. The single
files can be used as input for batch processing or
BREIN.

flip target and measured spectra

Exchanges target and measured spectra of all objects
in the list of spectra

generate new substrate reset
correction range

This command resets the correction range for automatic
substrate generation. After its execution no correction is
done anymore, until a new correction range is defined.

generate SQL table for fit results

Generates a new table in the SQL database which can
be used to store the fit results of the current
configuration

import all spectra from an
optoplex ngq exsitu file

Executes the menu command
‘actions/spectra/import/import all spectra from an
Optoplex NGQ exsitu file'

import all spectra from an von
ardenne exsitu file

Executes the menu command
‘actions/spectra/import/import all spectra from an Von
Ardenne exsitu file'

import all spectra from a zeiss
thinprocess database

Opens the dialog to connect to a ThinProcess database
and load spectra for a selected sample

increase automation step

increases the automation step counter by 1

increase sample index

Increases the sample index by 1

loop through batch results

Loops through all batch results, loading all spectra and
the obtained fit parameters into the optical model

parameter variation

Starts the parameter variation routine, like the menu
command "Actions/Parameter variation"

prepare batch fit using optoplex
csvfiles

Lets the user select an Optoplex pane ID which is then
used to prepare a batch fit for all positions found in the
corresponding *.csv file.

prepare new batch fit

Prepares all required worksheets for a new batch fit

prepare optoplex ngq batch fit

Lets the user select an Optoplex NGQ exsitu file with
spectra and prepares a new batch fit for all traverse
positions found in the file

prepare von ardenne exsitu
batch fit

Lets the user select a Von Ardenne exsitu file with
spectra and prepares a new batch fit for all traverse
positions found in the file

repeat parameter variation

Repeats the parameter variation routine, like the menu
command "Actions/Repeat parameter variation"

reset automation step

Sets the counter for automation steps to zero

reset sample index

Sets the sample index to 0

save as

Executes the SavweAs dialog to save the program
configuration

save simulated as measured
spectra

Copies the simulated spectrum to the measured
spectrum for all objects in the list of spectra

save simulated as target
spectra

Copies the simulated spectrum to the target spectrum
for all objects in the list of spectra

save workbook

Saves the workbook to a file

© 2019 Wolfgang Theiss




SCOUT technical manual Views 288

Script command Explanation
search path containing optoplex |Sets a flag to true which forces explicit search of the
csvfiles input folder for Optoplex csyv files.
select database Shows a dialog to select the database

select material from database |Shows the optical constant database as a dialog so that
the user can select a material (used in combination with
the command 'assign selected database material to
layer, stack index, layer index')

set automation log file Shows a dialog to set the log file for automation results

set time marker Sets the time marker. Use this option to control time
critical actions.

show time since last time Writes the number of milliseconds elapsed since the

marker last time marker has been set to the message board.

start automaton timer Starts the automation timer, i.e. a clock which
generates periodic automation events

start batch fit Starts the batch fit

start clock Starts the internal clock

start fit Starts the fit

stop automation timer Stops the automation timer

stop batch fit Stops the batch fit

stop clock Stops the internal clock

stop fit Stops the fit

toggle automation timer Changes the state of the automation timer from on to off
if it is on, or from off to on if it is off.

update data Re-computes the whole configuration, used when the
model needs an update after a parameter change

update database lists Updates the lists of database objects

update plot The main view is drawn, used when changes of the

model should become visible to the user

update special computations Tells all object in the list 'Special computations' to re-
compute their data

write logging header Writes the header for logging information to the
workbook
write logging line Writes a line of logging information to the workbook

Script commands with additional parameters

Script command Explanation

Assign layer stack to spectrum |Assigns the layer stack with the given name to the
simulation object, name of layer |specified spectrum simulation object

stack, name of spectrum
simulation object

assign selected database Assigns the selected database material (see the
material to layer, stack index, |command 'select material from database') to the layer
layer index specified by layer_index in the layer stack given by

stack_index. Both layer_index and stack_index are
counted 1, 2, 3, ...
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Script command

Explanation

continue if fit stopped, max
waiting time in seconds

Waits until a running fit is stopped or until the maximum
number of seconds has elapsed. If the fit is still running
a delay of 500 ms is executed. If the maximum number
of seconds has been reached the script continues.
Make sure that you call 'stop fit' with a short delay after
this command to make sure that the fit is not running
anymore before the next script commands are
executed. Otherwise an inconsistent program status
can occur.

create fit parameter,list index,
object index, subobject index,
subsubobject index, parameter
index

Creates a new fit parameter for the specified list and the
specified object in that list.

delay since last time marker,
milliseconds

Pauses the script until the given milliseconds have
passed since the last time marker has been set.

edit fit parameter, fit parameter
name

Shows a dialog which lets the user change a fit
parameter

edit master parameter, master
parameter name

Shows a dialog which lets the user change a master
parameter

generate new substrate, r, t,
d_glass,spectral_min,
spectral_max,number_of points
, spectral_unit

Generates a new substrate in the folder
\database\automatic_subtrate_update\. The optical
constants are computed using the measured data in the
spectrum objects r (reflectance) and t (transmittance).
The thickness is taken from d_glass (mm). The spectral
range is taken from the given values of spectral_min,
spectral_max, number_of points and spectral_unit. If a
'correction range' (see below) has been defined it is
used.

generate new substrate
correction range, spectral_min,
spectral_max

Defines a spectral range (based on the vales
spectral_min and spectral_max) for a check of the
condition R+T<=1. If R+T is >1 it is assumed that R is
too high (caused by scratches or surface contamination
of the reference mirror). A correction factor for the
reflectance spectrum is computed which ensures that
R+T<=1 in the whole correction range.

go to view, name

selects the view with the given name as the current view

import pane wizard spectra from
window text file, stack index,
layer index

Loads pane wizard spectra for the layer given by layer
index in the stack given by stack index from a Window
text file

load configuration from sq|
database, configuration index

Loads the configuration with the specified index from the
connected SQL database

move master parameter, name,
start_value, final_value, steps

Used for animations: Moves the value of a master
parameter from the initial value to the final value, taking
the specified number of steps and a delay of 25 ms in
between each step. For each step, the whole model is
re-computed and the current view updated.

object command, argument 1,
argument 2, ...

This is a general script command which may have
several arguments, depending on the object to be
called. Usually the first argument is the name of the
object to be activated, followed by the name of an action
and more parameters to be passed.
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Script command

Explanation

The section below lists the implemented commands of
various object types.

rename material, index, new
name

Gives the material list object specified by index a new
name

rename material dialog, index

Gives the material list object specified by index a new
name by showing a user dialog

rename worksheet, new name

Renames the currently selected worksheet of the
workbook

save material to database, index

Saves the material list object specified by index to the
database

set automation time interval,
milliseconds

Sets the automation time interval to the given number of
milliseconds

set emissivity, spectrum name,
position, value

Sets an emissivity value which then can be used for the
computation of a U- or g-values.

The U- or g-values to be computed must be linked to the
spectrum. The name of this spectrum is passed as
second item of the command. The third parameter
identifies the position in the stack, counted as 1, 2, 3, 4
beginning on top of the stack (which means 'outside’).
Finally, the fourth parameter is the value of the
emissivity.

set label, label name, label
caption

Changes the caption of the label (a view element)
specified by the name 'label name'

set master parameter, master
parameter name, new value

Assigns a new value to the specified master parameter

set number of spectral points,n

Sets the number of spectral points to n for all materials
and spectra

set path for automatic spectrum
export, path

Sets the path for automatic spectrum export. If the
specified path is empty the default folder
\database\spectra\automatic\ is used.

set sample description,sample
0815

Changes the sample description to the new text
'‘Sample 0815'

set sample position x, number

Sets the x-coordinate of the sample position to number

set sample position y, number

Sets the y-coordinate of the sample position to number

set sample position z, number

Sets the z-coordinate of the sample position to number

show message dialog,text

Shows a modal dialog with the given text on the screen.
The dialog has an Ok button only - there is no Cancel
option.

show pane wizard, stack index,
layer index

Opens the pane wizard for the layer given by layer index
in the stack given by stack index

show workbook as model
dialog, explanation

Transfers the text given by 'explanation’ to the workbook
and then shows the workbook as modal dialog (which
must be closed before the program continues to do
other things)

simple object command, object
name, command

Passes a command to the object with the given name

take sample position y from
traverse, name

Asks the traverse with the given name for its current
position and takes it as y-coordinate of the sample
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Script command

Explanation

position

verify function value, the
function, min, max, the_quantit

Yy

Evaluates the function value which is given by the user-
defined function. A warning on the screen is raised if the
function value is outside the interval [min, max]. The text
given by 'the quantity' is used in the warning text. You
can use this function to inform the user of a
spectrometer saturation or a temperature which is too
high.

verify function value exit script
when false, the function, min,
max, the_quantity

The same as 'verify function value' but in addition to a
warning message on the screen the current script is not
continued. Use this function to verify that your
equipment is ready for the following actions of the script.

view object command, object
name, height, new value

Sets the position parameter 'height’ of the view object to
the indicated value

view object command, object
name, hide

Hides the specified view object

view object command, object
name, left, new value

Sets the position parameter 'left' of the view object to the
indicated value

view object command, object
name, show

Show the specified view object

view object command, object
name, slide height, initial value,
final value, steps

Used for animation: Change the position parameter
'height' of the view object from the initial value to the final
value, taking the indicated number of steps with a delay
of 25 milliseconds in each step

view object command, object
name, slide left, initial value,
final value, steps

Used for animation: Change the position parameter 'left'
of the view object from the initial value to the final value,
taking the indicated number of steps with a delay of 25
milliseconds in each step

view object command, object
name, slide top, initial value,
final value, steps

Used for animation: Change the position parameter 'top'
of the view object from the initial value to the final value,
taking the indicated number of steps with a delay of 25
milliseconds in each step

view object command, object
name, slide width, initial value,
final value, steps

Used for animation: Change the position parameter
‘width' of the view object from the initial value to the final
value, taking the indicated number of steps with a delay
of 25 milliseconds in each step

view object command, object
name, top, new value

Sets the position parameter 'top' of the view object to
the indicated value

view object command, object
name, width, new value

Sets the position parameter 'width' of the view object to
the indicated value

workbook command

Sends the whole script line to the workbook for further
processing

Implemented object commands

Object commands are sent to objects specified by their name. It is important to use unique names
within a configuration - if several objects have the same name the transfer of a command to the
wanted object may fail. If an object command is sent by a script line, the following lists are checked
in the given sequence:

1.

list of materials
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spectrometer list

list of spectra

list of layer stacks

view list

list of special computations
workbook

N ok wN

The commands which can be executed for the various types of objects are summarized in the
following sections.

9.4.2.11.1 Materials

Objects in the list of materials can execute the following commands:

Command Action

import from file Lets the user select a file to import optical
constants

import from Imports optical constants from the workbook.

workbook Columns must contain spectral position, n and
k.

import df from Imports optical constants from the workbook.

workbook Columns must contain spectral position, real
and imaginary part of the dielectric function.

In addition, objects of type 'dielectric function model' can execute the following methods:

Command Action

add kim oscillator, |Adds a Kim oscillator to the list of

new name, susceptibilities named as specified. The values
expression for for resonance frequencies, oscillator strength,
resonance damping constant and Gauss-Lorentz switch
frequency, are taken from expressions which may involve
expression for optical functions. This allows to generate a new
oscillator strength, |oscillator at a frequency for which the
expression for difference between simulated and measured
damping constant, |[spectra is largest.

expression for

Gauss-Lorentz

switch

9.4.2.11.2 Spectrometer objects

Objects in the list of spectrometers may be controllers for spectrometers or other devices like
shutters or traverse systems.

The following commands can be used to address spectrometer objects (please note that not every
spectrometer object has an implementation of each command):
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Command

Action

acquire

Executes the 'acquire' action. For
spectrometers this means to record a sample
spectrum.

acquire sample

Does the same as 'acquire'

acquire dark

Tells spectrometer objects to record their dark
spectrum. Ignored by other objects.

acquire reference

Tells spectrometer objects to record their
background (or reference) spectrum. Ignored by
other objects.

acquire 1 Tells spectrometer objects to record their data
field 1. Each spectrometer object has 9 internal
data fields which are used for various
measurements, e.g. to measure reflectance or
transmittance spectra with integrating spheres.
These measurements require the recording of
several spectrometer signals which are stored
in the internal data fields.

acquire 2 Records data field 2

acquire 3 Records data field 3

acquire 4 Records data field 4

acquire 5 Records data field 5

acquire 6 Records data field 6

acquire 7 Records data field 7

acquire 8 Records data field 8

acquire 9 Records data field 9

compute (1-9)/(2-9)

Computes the shown combination of spectrum
buffer values and stores the value as measured
spectrum of the spectrometer object

compute (3-9)/(4-9)

Computes the shown combination of spectrum
buffer values and stores the value as measured
spectrum of the spectrometer object

compute (5-9)/(6-9)

Computes the shown combination of spectrum
buffer values and stores the value as measured
spectrum of the spectrometer object

compute (7-9)/(8-9)

Computes the shown combination of spectrum
buffer values and stores the value as measured
spectrum of the spectrometer object

compute integrating sphere
transmittance

Computes the transmittance spectrum for an
integrating sphere system using the values
stored in the internal data fields

compute integrating sphere
reflectance

Computes the reflectance spectrum for an
integrating sphere system using the values
stored in the internal data fields

compute integrating sphere
reflectance subtract straylight

Computes the reflectance spectrum for an
integrating sphere system using the values
stored in the internal data fields, subtracting
buffer spectrum 9 from the signals which are
directly reflected by the reference or sample
surface. Spectrum buffer 9 should be recorded
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Command Action
with no sample present on the sample stage
and is considered to be straylight.

edit Executes the 'Edit' command, i.e. shows the

form with all details of the object

export background spectrum,
filename, file_format

Exports the data of the '‘background' subobject
to a file with the specified filename, using the
file format given by file_format. Supported file
formats are

1: standard file format
2: xy-format

4: SpectraCalc format
5: Perkin-Elmer format
27: Excel file

export correction spectrum,
filename, file_format

Exports the data of the 'correction’ subobject to
a file with the specified filename, using the file
format given by file_format. Supported file
formats are given in the table above.

export dark spectrum,
filename, file_format

Exports the data of the 'dark' subobject to a file
with the specified filename, using the file format
given by file_format. Supported file formats are
given in the table above.

import background spectrum,
filename, file_format

Imports the data of the 'background' subobject
from a file with the specified filename, using the
file format given by file_format. Supported file
formats are

: standard file format
: xy-format

: Jcamp format

: SpectraCalc format
Perkin-Elmer format
. Zeiss format

: OPUS format

: Customer format 1

: Perkin-Elmer ASCII format
10: Nanospec format
11: Customer format 2
12: Customer format 3
13: NanoCalc format
14: Ultrascan format
15: Customer format 4
16: Jasco format

18: Hitachi format

19: Customer format 5
20: Minolta format

25: tecb text file

27: Excel file

©ONOOUAWN

import correction spectrum,
filename, file_format

Imports the data of the 'correction’ subobject
reading a file with the specified filename, using
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Command

Action

the file format given by file_format. Supported
file formats are given in the table abowe.

import dark spectrum,
filename, file_format

Imports the data of the 'dark’ subobject reading
a file with the specified filename, using the file
format given by file_format. Supported file
formats are given in the table abowe.

set spectrum buffer to zero,
index

Sets the specified spectrum buffer to zero

Shutters know the commands

Command

Action

open

Open the shutter so that light gets
through

close

Close the shutter so that light is
blocked

Traverse systems listen to these messages:

Command Action

move up Do a small step to higher positions (step size
must be set in the object settings)

move down Do a small step to lower positions (step size must

be set in the object settings)

move to position xxx

Mowe to the given position where xxx gives the
position in internal units of the traverse. This may
be steps of the stepper motor or mm.

move to mm xxx

Movwe to the given position, specified in mm

mowe to dark position

Mowe to the dark position (which must have been
defined beforehand)

movwe to reference position

Mowe to the reference position (which must have
been defined beforehand)

move to home position

Mowe to the home position (which must have
been defined beforehand)

OPC send position

Sends the current position to the OPC server. The
OPC tag to be addressed must be specified in the
command, separated by a comma like "OPC
send position, my_opc_position_tag"

OPC send status

Sends the current status (active=true or not active
= false) to the OPC senrver. The OPC tag to be
addressed must be specified in the command,
separated by a comma like "OPC send status,
my_opc_status_tag"

OPC send error code

Sends the current error ID (=0 if no error occurs,
error code>0 if an error happened) to the OPC
server. The OPC tag to be addressed must be
specified in the command, separated by a comma
like "OPC send error code, my_opc_error_tag"
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Command Action

OPC send warning Sends the current warning ID (=0 if no warning
occurs, value>0 if a warning is active) to the OPC
server. The OPC tag to be addressed must be
specified in the command, separated by a comma
like "OPC send warning, my_opc_warning_tag"

OPC send activity Sends the current acitivity ID to the OPC senwer.
The OPC tag to be addressed must be specified
in the command, separated by a comma like
"OPC send activity, my_opc_activity _tag"

The WOSP color sensor listens to the following commands:
Command [Action

light on Switch on the onboard light source

light off Switch off the onboard light source

These commands can be passed to trigger objects:

Command |Action

activate activates the trigger
wake up activates the trigger
sleep de-activates the trigger

9.4.2.11.3 Spectrum simulation objects

Objects in the list of spectra can be controlled in scripts using the following messages:

Command Action

acquire If a spectrometer object has been
assigned as a source for measured data,
the last measured spectrum of the
spectrometer object is imported

automatic export of Saves the measured spectrum to an Excel
measured spectrum to file in the folder for automatic spectrum
excel file export. The filename is composed

combining sample name, spectrum name
and the position information on the sample
(x, y and z). File extension is 'xIsx'.

compute global peak Useful for thickness determination by FFT:
position average, global |Refines the position of the global peak
peak index, number of with the given index, computing the
averaging pixels weighted average position for the range
'center position +- number of pixels'.
Before you call this routine, you should
have called the routine to compute global
peaks for the power spectrum after a FFT
thickness determination.
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Command

Action

data smoothing

Executes the data smoothing action,
using the current values of the relevant
parameters

divide by 100

The measured data are divided by 100

do range dialog after
import

Activates the range dialog that pops up
after an import action

export measured
spectrum to workbook

Exports the measured spectrum to the
workbook

export simulated
spectrum

Lets the user export the simulated
spectrum to a file

import from clipboard

Imports the measured spectrum from the
clipboard. Another object must have filled
the clipboard with appropriate data

import measured
spectrum

Lets the user import a measured spectrum

import measured
spectrum ignoring
reference

Lets the user import a measured
spectrum. Multiplying by the reference
spectrum is skipped.

import from workbook

Imports a measured spectrum from the
workbook

measurement series write
measured average to
workbook, sheet
name,start row, start
column, wavelength start,
wawelength delta,
wavelength number of
points

Writes averaged measured values of a
measurement series to the workbook. Use
this function in combination with view
elements of type 'Measurement series'".
The data are written to the specified
worksheet, starting at the given row. The
column is computed by taking the given
value of 'start column' and adding the
number of spectra in the series and 1.
Values are computed starting at the given
minimum wavelength and for the specified
number of wavelength points, with a
wavelength increment of delta.

measurement series write
measured values to
workbook,sheet
name,start row, start
column, wavelength start,
wawelength delta,
wavelength number of
points

Writes measured values of a
measurement series to the workbook. Use
this function in combination with view
elements of type 'Measurement series'".
The data are written to the specified
worksheet, starting at the given row. The
column is computed by taking the given
value of 'start column' and adding the
index of the last measurement of the
series. Values are stored starting at the
given minimum wavelength and for the
specified number of wavelength points,
with a wawelength increment of delta.

measurement series write
simulated average to
workbook, sheet
name,start row, start
column, wavelength start,

Writes averaged simulated values of a
measurement series to the workbook. Use
this function in combination with view
elements of type 'Measurement series'".
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Command Action

wavelength delta, The data are written to the specified
wawelength number of worksheet, starting at the given row. The
points column is computed by taking the given

value of 'start column' and adding the
number of spectra in the series and 1.
Values are computed starting at the given
minimum wavelength and for the specified
number of wawelength points, with a
wavwelength increment of delta.

measurement series write|Writes simulated values of a measurement

simulated values to series to the workbook. Use this function
workbook, sheet in combination with view elements of type
name,start row, start 'Measurement series'.

column, wavelength start, | The data are written to the specified
wawvelength delta, worksheet, starting at the given row. The
wavelength number of column is computed by taking the given
points value of 'start column' and adding the

index of the last measurement of the
series. Values are stored starting at the
given minimum wavelength and for the
specified number of wavelength points,
with a wavelength increment of delta.

power spectrum get Computes position and height of peaks in
global peaks, search the power spectrum subobject and stores
minimum,search the values in global data fields. Usually

maximum,minimum peak |called after a FFT thickness determination
height, minimum peak routine. The peak search is done between
separation, sort option the specified minimum and maximum
values. Identified peaks must have a
height larger than the given miminum peak
height. The search determines the largest
peak first, and then looks for further peaks
which have a distance from the previously
identified peaks larger than the given value
of peak separation. Finally, the peaks are
sorted according to the sort option: 1
means sorted from high to low, a value of
2 means from low to high.

power spectrum get Computes position and height of peaks in
global peaks averaged, the power spectrum subobject and stores
search minimum,search |the values in global data fields. Usually
maximum, minimum peak [called after a FFT thickness determination
height, minimum peak routine. The peak search is done between
separation, sort option, |the specified minimum and maximum
points to average values. Identified peaks must have a
height larger than the given miminum peak
height. The search determines the largest
peak first, and then looks for further peaks
which have a distance from the previously
identified peaks larger than the given value
of peak separation. The peaks are sorted
according to the sort option: 1 means
sorted from high to low, a value of 2
means from low to high.
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Command

Action

The FFT delivers a discrete set of possible
peak positions - the spacing between
these points is given by the wavenumber
range used for the FFT. In this method,
peak position results can be re-fined by
the following procedure: Instead of taking
the position of the highest point as result,
the method outputs a weighted average
over a set of points, starting at the highest
point and going upwards and downwards
by 'points to average'. If '‘points to average'
is 3, the method averages over 7 points all
together (center point +/- 3 points).

skip range dialog after
import

De-activates the range dialog that pops up
after an import action

write measured values to
workbook,start row, start
column, wavelength start,
wavelength delta, number
of points

Writes the measured values of the
spectrum object to the workbook.

The data are written to the specified
worksheet, starting at the given row and
column. Values are stored starting at the
given minimum wavelength and for the
specified number of wavelength points,
with a wawelength increment of delta.

write simulated values to
workbook,start row, start
column, wavelength start,
wawelength delta, number
of points

Writes the simulated values of the
spectrum object to the workbook.

The data are written to the specified
worksheet, starting at the given row and
column. Values are stored starting at the
given minimum wawelength and for the
specified number of wawelength points,
with a wavelength increment of delta.

write spectral positions to
workbook,start row, start
column, wavelength start,
wavelength delta, number
of points

Writes spectral positions (wavelengths in
most cases) to the workbook.

The data are written to the specified
worksheet, starting at the given row and
column. Values start at the given
minimum wavelength and are incremented
by the given value of delta.

9.4.2.11.4 Layer stacks

Up to now there are only a few commands that can be used to load spectra into layer objects of type
'Measured plate' :

Command Action

import
transmittance

executes the dialog to import the transmittance spectrum of
this measured plate object

import reflectance |executes the dialog to import the reflectance spectrum
top (radiation from the top

import reflectance |(executes the dialog to import the reflectance spectrum
bottom (radiation from the bottom
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9.4.2.11.5 Fit parameter list

The script command 'object command' can be directed to the fit parameter list by setting the name of
the object to 'fit parameter list'. The following table summarizes the routines which may be called. An
example of a script line is 'object command, fit parameter list, set active material, silicon'.

Script command

Explanation

active material remove weak
oscillators, threshold for
oscillator strength

Deletes all oscillators of the active material with
oscillator strength smaller than the specified threshold

oscillator dam

active material select all

ping constants

Selects the damping constants of all oscillators of the
active material as fit parameters

active material select all
oscillator parameters

Select all oscillator parameters of the active material as
fit parameters

active material select all
oscillator strengths

Select all oscillator parameters of the active material as
fit parameters

parameters

active material select all

Selects all oscillator strengths of the active material as
fit parameters

names

active material set default

Renames all oscillators of the active material, using the
resonance frequency as name.

active material sort

Sorts the susceptibilities of the active material with
respect to the resonance frequency.

name

set active material, material

Select the specified material as active material, i.e the
material which is addressed by some of the following
commands

delete all

Deletes all fit parameters

9.4.2.11.6 View elements

These commands can be used with objects of type 'Multiple spectra view":

Command Action
autoscale Executes automatic scaling of the graph
clear list Clears the list of spectra

display filenames

Uses the original filenames as spectrum
names

export to workbook

Writes the spectra to the workbook, using
the parameters assigned to the spectra as
header of the columns

export to workbook
using spectrum
names

Writes the spectra to the workbook, using
the names of the spectra as header of the
columns

import spectra

Lets the user import several spectra into
the view object

range dialog

Execute the range dialog of the object
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Within a script you can call other scripts by using the following command:
Command Action
execute Execute the script
9.4.2.11.7 Special computations
At present the following object commands are recognized:
Command Action
update Re-computes the addressed object's data

9.4.2.11.8 Workbook

The script command "Workbook command' sends the whole script line to the workbook. This can

execute the following actions:

Script command

Explanation

clear

Clears the workbook. After this action there is only one
empty worksheet.

rename sheet, sheet index, new
name

Renames the sheet with the specified index

append sheet

Appends an empty worksheet

save fit parameter names,
worksheet name, row, column

Writes the names of the fit parameters downwards,
starting at the given row and column in the specified
worksheet

sawe fit parameter
values,worksheet name, row,
column

Writes the values of the fit parameters downwards,
starting at the given row and column in the specified
worksheet

measurement series save fit
parameter values,worksheet
name, row, column

Writes the values of the fit parameters downwards,
starting at the given row in the specified worksheet. The
start column is given as the sum of the specified
column value and the series index of the last
measurement.

4 cells abowe the selected row are filled as well with
date, product name, sample name and index of the last
measurement.

measurement series average fit
parameter values

Computes and writes the average of the fit parameters
for all measurements to the given row in the specified
worksheet. The values are written to the column which
is computed as the sum of the specified value, the
number of measurements of the series and 1.

4 cells above the selected row are filled as well with the
date, the product name, the sample name and the index
of the last measurement.
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Script command

Explanation

sawve final number names,
worksheet name, row, column,
first index, last index

Writes final number names to the given worksheet,
starting in the specified row and column. This routine
does not write all names but only those with indices
between the given first and last index.

sawve final number values,
worksheet name, row, column,
first index, last index

Writes final number values to the given worksheet,
starting in the specified row and column. This routine
does not write all values but only those with indices
between the given first and last index.

measurement series save final
number values, worksheet
name, row, column, first index,
last index

Writes final number values to the given worksheet,
starting in the specified row. The column is the sum of
the specified column and the index of the last performed
measurement of the series. This routine does not write
all values but only those with indices between the given
first and last index.

4 cells above the selected row are filled as well with the
date, the product name, the sample name and the index
of the last measurement.

measurement series average
final number values, worksheet
name, row, column, first index,
last index

Writes the average of final number values for a
measurement series to the given worksheet in the
specified row. The column is the one to the right of the
last performed measurement of the series. This routine
does not write all values but only those with indices
between the given first and last index.

4 cells abowe the selected row are filled as well with
date, product name, sample name and index of the last
measurement.

sawe optical function names,
worksheet name, row, column

Writes the names of the fit parameters downwards,
starting at the given row and column in the specified
worksheet

save optical function values,
worksheet name, row, column

Writes the values of the fit parameters downwards,
starting at the given row and column in the specified
worksheet

measurement series save
optical function values

Writes the values of the optical functions downwards,
starting at the given row in the specified worksheet. The
start column is given as the sum of the specified
column value and the series index of the last
measurement.

4 cells abowe the selected row are filled as well with
date, product name, sample name and index of the last
measurement.

measurement series average
optical function values

Computes and writes the average of the fit parameters
for all measurements to the given row in the specified
worksheet. The values are written to the column which
is computed as the sum of the specified value, the
number of measurements of the series and 1.

4 cells above the selected row are filled as well with the
date, the product name, the sample name and the index
of the last measurement.

set column width, worksheet
name, column, width

Sets the width (in pixels) of the specified column of the
given worksheet

write cell number,expression for
cell number, worksheet name,

Writes a number to the worksheet of the given name.
The number is obtained by evaluating the given
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Script command Explanation
expression for cell row, expression. Both row and column are computed by the
expression for cell column given expressions, rounding the outcome to an integer

number. All expressions can use master parameters,
optical functions and fit parameters. In CODE you can
use integral quantities as well.

write cell text,the text, Writes text to the worksheet of the given name. Both
worksheet name, expression for |[row and column are computed by the given expressions,
cell row, expression for cell rounding the outcome to an integer number. The

column expressions can use master parameters, optical

functions and fit parameters. In CODE you can use
integral quantities as well.

9.4.2.12 Measurement series

This action object provides the functionality that you need to acquire a series of measurements for a
single sample. The user interface looks like this:

Measurement series

Product: ARS54
Sample: S0950
Number of measurements: 5

Done:

You can click the product name to change it, and do the same with the sample name. You can also
edit the number of measurements to be performed.

A click on 'Acquire next' executes 2 scripts: If no measurement has been done up to now a script
called 'measurement series prepare new series' is executed. Please note that you have to define
a script with this name in one of the views and fill it with the wanted actions. An example is
discussed below.

After the call of the 'preparation script' another script is called which has the task to do the actual
measurements. It must be called 'measurement series measurement script'. The script should
perform all steps to do the measurements and the subsequent data analysis and storage. Also here
we discuss an example below.

If you are unhappy with the measurement you can repeat it by a click on 'Repeat measurement'. This
will execute the measurement script once more without increasing the counting of the already
performed measurements.

If the measurement is ok but you want to re-do the data analysis then click on 'Repeat fit'. A script
called 'measurement series repeat fit' will be executed which should contain only those actions
needed to do the analysis once more and to store the (hopefully) improved new results.
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9.4.2.12.1 Script examples

Script to prepare the series 'measurement series prepare new series'

workbook command, clear
workbook command, rename sheet, 0, Fitted Data
workbook command, append sheet, Measured Data

This code clears the workbook and renames the only existing worksheet to 'fitted data'. Then it
generates a second worksheet named 'measured data'.

Script to acquire and analyze spectra ‘'measurement series measurement script'

This example is taken from a method which controls a reflectance measurement system. It uses a
label called 'status' to display information on the progress of the actions. The acquire command
executes data acquisition, and then 'start fit' starts the fit. The settings for the fit make sure that after
5 seconds the fit is finished. Then, finally, various results from the list final numbers' and both the
measured and simulated spectra are written to the workbook pages.

set label, status, ... busy ...
update data

update plot

acquire

start fit

delay, 5000

set label, status, ... writing data ...
update data
update plot

workbook command, save final number names, fitted data, 5,1,4,12
workbook command, measurement series save final number values, fitted data, 5,1,4,12
workbook command, measurement series average final number values, fitted data, 5,1,4,12

object command, R coated, write spectral positions to work book, fitted data,25,1,176,2,463
object command, R coated, measurement series write simulated values to workbook, fitted
data,25,1,176,2,463

object command, R coated, measurement series write simulated average to work book, fitted
data,25,1,176,2,463

workbook command, save final number names, measured data, 5,1,1,3
workbook command, measurement series save final number values, measured data, 5,1,1,3
workbook command, measurement series average final number values, measured data, 5,1,1,3

object command, R coated, write spectral positions to workbook,measured data,20,1,176,2,463
object command, R coated, measurement series wriite measured values to workbook,measured
data,20,1,176,2,463

object command, R coated, measurement series write measured average to workbook,measured
data,20,1,176,2,463

delay, 2000
set label, status, ... idle ...
update data
update plot
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Please not that the content of the workbook can be saved in Excel format to permanently store the
results. The script could also contain a command to store the results in a SQL database table.

Script to acquire and analyze spectra 'measurement repeat fit'
This is just a copy of the 'measurement script' above, without the acquire command:

set label, status, ... busy ...
update data
update plot

start fit
delay, 5000

set label, status, ... writing data ...
update data
update plot

workbook command, save final number names, fitted data, 5,1,4,12
workbook command, measurement series save final number values, fitted data, 5,1,4,12
workbook command, measurement series average final number values, fitted data, 5,1,4,12

object command, R coated, write spectral positions to work book, fitted data,25,1,176,2,463
object command, R coated, measurement series write simulated values to workbook, fitted
data,25,1,176,2,463

object command, R coated, measurement series write simulated average to work book, fitted
data,25,1,176,2,463

workbook command, save final number names, measured data, 5,1,1,3
workbook command, measurement series save final number values, measured data, 5,1,1,3
workbook command, measurement series average final number values, measured data, 5,1,1,3

object command, R coated, write spectral positions to workbook,measured data,20,1,176,2,463
object command, R coated, measurement series write measured values to workbook,measured
data,20,1,176,2,463

object command, R coated, measurement series wriite measured average to workbook,measured
data,20,1,176,2,463

delay, 2000
set label, status, ... idle ...
update data
update plot
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9.5

9.6

9.7
9.71

Printing views, clipboard copy

You can print the current view displayed in the SCOUT main window with the command File|Print.
With File|Printer setup you can select and configure the printer that is going to be used for the next
print action.

You can copy the currently selected view to the Windows clipboard using the command Actions]
Copy to clipboard in the main window of SCOUT. The clipboard will contain the graph in the
metafile format which can be pasted by many Windows programs, in particular text processing
software.

Be prepared for the case that the graph will look quite small when you paste it e.g. into a Word
document. Just resize it to the dimensions you want it to have.

Automatic view generation

The easiest way to create views is to activate one of the following automatic procedures that
compose standard views. In most cases you can just work with them without further modifications.
On the other hand, the automatically generated views can be a convenient basis for user-defined
views with additional elements like explaining text, parameters or pictures.

The commands for automatic view generation are found in the Actions submenu of the list of views.
You can access this list by the command Objects|Views in the main window.

View of spectra
The command Create view of spectra does the following: First a bitmap view is created that

contains a background image. SCOUT tries to find the file view _spectra_background.bmp and loads
the image if the file exists. If we delivered a bitmap with this name and you don't like it, feel free to
overwrite the picture with the one of your choice.

For each spectrum in the list of spectra SCOUT creates a Eield view object and fills it with the right
connection to the spectrum. The view objects are distributed in rows and columns. The numbers of
rows and columns are computed from the number of spectra to be displayed.

Actual SCOUT versions create spectra views automatically when a configuration without
any view is loaded.

View of optical constants
Very much like the view of spectra, you can create a view of the optical constants with the command

Create view of optical constants. Again, first a bitmap viewis created that contains a background
image. SCOUT tries to find the file view _opticalconstants_background.bmp and loads the image if
the file exists. If we delivered a bitmap with this name and you don't like it, feel free to overwrite the
picture with the one of your choice.

For each item in the list of dielectric functions (with the exception of vacuum which is not displayed)
SCOUT creates a Eield view object and fills it with the appropriate connection. The view objects are
distributed in rows and columns. The numbers of rows and columns are computed from the number
of objects to be displayed.

View examples
View example: Simple spectrum fit

The main window of SCOUT can be conveniently used to display a spectrum fit which is achieved by
a single field view object. Note the difference of the graphics display if the data are updated: The
main window update is much more smooth than the individual spectrum window which is due to a
different graphics technique used in view objects.
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9.7.2 View example: Fit and parameters

Here the main window of SCOUT shows the fit, i.e. the comparison of simulated and measured
spectrum, through a field view object. The value of a model parameter (a layer thickness) is displayed
using a parameter view object. The background is drawn using a bitmap view object.
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9.7.3

9.8

With methods like the one sketched here you can solve routine problems without opening additional
SCOUT windows: With the Method button you select the appropriate SCOUT configuration, the
Import command lets you pick the experimental spectra (here you need just one), the Start button
starts the parameter fit, and the Export button is finally used to save the results of the fit parameters
in the SCOUT workbook.

View example: Display many spectra

Views are very important if your method requires the simultaneous analysis of several spectra. The
following example shows how a view can display the simulation of 4 spectra and the values of some
of the model parameters in one window:
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Deviation: 0.0000037

Presentations

Views of several SCOUT configurations can be combined to presentations. A presentation is simply
a sequence of SCOUT configurations. SCOUT will load one after the other and display the views in

its main window.

Define the sequence of configurations

To prepare a presentation you have to copy all configurations to a folder. Then create a text file
named the_show.txt which must contain - line by line - the names of the configurations to be loaded
in the presentation. You can use the workbook to create this file. Type in the names of the
configurations starting in cell A1 and then downwards like in the following example:
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Workbook
File Copy Paste Clear Graph Autosize cells

24 | |

A | B [ ¢ | Db [ =
introduction. sc2
optical constants.sc2
final. sc2

| | R | -

)

4 >‘ Ohbject info - < | v[ ]

Use the SaveAs command and select the file format Tabbed text (*.txt)' to save the list to the text
file the_show.txt.

Showing the presentation
To start the presentation use the menu command Actions|Show presentation. SCOUT will display

a dialog which lets you select the folder that contains the presentation:

Ordner suchen E|

Select directory

{3 spray ~
{5 spray commander
{5 sprav_bu
[C3) sprav_controller
[C5) spreadsheet
{5 susceptibilities
=) tep
5 test
[C5) theiss_components
(3 tools
{5 trans_but
) video “
< >

l K ] [ #bbrechen ]

SCOUT will read the file the_show.txt in the folder and load the first configuration. In the speed button
bar three additional items are displayed that let you navigate through the presentation:
lools ¢
Fl [ixitroduction. sed j 3

The '>' command loads the next configuration, the '<' the previous one. You can switch to an arbitrary
configuration using the dropdown box in the center. When SCOUT loads a presentation the dropdown
box is filled with the content of the file the_show.txt.

You can use the view buttons 'Next configuration button' and 'Previous configuration button' as
navigation elements in views.

Tips and tricks
In order to achieve a nice presentation with smooth transitions from one page to the next, it is

recommended that all configurations of a presentation have the same size. Full screen size is
certainly the best choice.
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If you just want to display the content of the view, you can hide the menu and the status bar at the
bottom of the SCOUT window setting appropriate options (uncheck the menu commands File|
Options|Menu visible at start and File|Options|Status bar).
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10  Configuring SCOUT for routine work

After you have established an optical model for a certain class of samples and you are going to use
SCOUT to analyze large amounts of samples in a routine manner, you may want to make the
application of SCOUT for unexperienced users as easy as possible. To do so, you should work with
the main window exclusively, showing what should be seen designing appropriate views.

In addition, you should hide the menu in the main window and show only a few commands in the
toolbar below the usual menu as shown in the following example:

=5 SCOUT D-Ad3theizshscout_98%\testh 168 :c2
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Deviation: 0.0000068

The appearance of the toolbar commands can be controlled in the main menu using File|Options|
Toolbar. Check those items that you want to appear in the toolbar.

At present you can activate and de-activate the following items:

Method button

This is the same as the File|Open command. Execute it to load an analysis method
(configuration) that contains the complete model, the required views and the fit strategy to
obtain the wanted parameters from the fit.

Acquire button
This command activates the recording of new spectra if spectrometers are defined in the

list of spectrometers. Refer to the section about Data acquisition for further details.

Import button

This command is used to import new experimental spectra for the analysis from datafiles.
First you are asked for the sample name, i.e. a short text identifying the current sample.
This text is used in the report of results and may be displayed in a view by a sample view
object. Then the import dialog for selecting the input spectrum is executed for each
spectrum in the spectrum list. SCOUT follows the order of the spectrum list, of course.

Start/Stop button
This starts the fit. After the start of the fit the text of the button is changed to 'Stop' and the

same button is used to stop the fit.
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Export button

This command writes the values of the current fit parameters to the table named 'Fit
results' in the SCOUT workbook. Before writing to the table SCOUT checks if the structure
of the table matches the current configuration, in particular, the names of the fit
parameters in the table and those in the current SCOUT configuration must agree. If not,
SCOUT asks if it should erase the workbook content and start with a new page of results.

Workbook button
This command opens the workbook. After the analysis of some spectra the page 'Fit
results' may look like this:

5. Workbook M=l
File Copy Paste Clear
| BE | |
A | B | C =

1 [Fit results —

2 |Sample o =t

3 |Pararmeter

4 |Deviation 0.0000015 0.0000065

5 |Info Test phase Test phase

6

¥ |IR Reflectance EMestiEpi2 .0 .E:‘dest\Epid.D

8

9 |Stack 1 Layer 2 Undoped silicon: Layer thickness 2.0012 3.9129

10 |Factor 0.973429 0.990340

11 |Doped silicon: Carriers: plasma frequency 13054280 1922 6353

12 |Doped silican: Carriers: damping £359.1365 B25 6739

13

14 =
4| » [\ Fit results 4 Object info /% Sheetl 7 [l | ]

Menu button

This command is used to switch on and off the main menu of SCOUT. This button is
always visible, it cannot be hidden. However, you can protect the action of this button by
setting a password if you want to awvoid users switching on the menu.

Menu on/off

After loading the configuration the main menu can be switched on and off, according to the setting of
the menu item called File|Options|Menu visible at start. Check or uncheck this menu item to tell
SCOUT what it should do.

Password protection

If the main menu is switched off you can switch it on again pushing the Menu toolbar button (see
abowe). Using File|Options|Password in the main window you can define a password that is
required to display the menu. This may be used to awid configuration changes by unexperienced
users.

If a password is defined the access of the treeview level requires entering the password as well.
Moving view elements by mouse actions is not possible in a password protected configuration. The
access of objects using the Objects submenu is protected as well.

Automatic spectrum display after loading

© 2019 Wolfgang Theiss




SCOUT technical manual Configuring SCOUT for routine work 314

Starting with object generation 1.9 (January 2001) SCOUT automatically opens all spectra in the
spectrum list after loading a new configuration if the menu item File|Options|Show spectra after
loading is checked.

Automatic slider display after loading

Starting with object generation 1.9 (January 2001) SCOUT automatically opens all fit parameter
sliders after loading a new configuration if the menu item File|Options|Show sliders after loading
is checked.
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11
1.1

11.2

Spatial and time distributions, optical monitoring

Overview

SCOUT allows the computation of various space and time distributions, e.g. of the electric field
amplitudes or the local absorption in layer stacks. Objects performing such kind of computations are
collected in the list called 'Distributions'. You can open this list by a right-click in the treeview of
SCOUT.

The list of distributions also provides objects for computing optical monitoring charts. This feature
is not contained in the standard SCOUT program but must be purchased separately.

At present the following quantities are implemented:

Spatial distribution of the electric field amplitude

Spatial distribution of the absorption of light

Optical deposition control of layer growth: R vs. total thickness
Optical deposition control of layer growth: R vs. time

COME: Charts for optical monitoring of etching processes

Electric field

Objects of type 'Electric field distribution' compute the spatial variation of the electric field amplitude
in a layer stack. The main window of such an object looks like this:
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The graph means the following: The horizontal (x-) axis displays the position in the layer stack. The
last interface to the bottom halfspace is at zero. Starting at zero and going to the right, you move
through all layers until you reach the top halfspace. Each interface is indicated by a vertical black
line. The light is incident from the top, i.e. the incoming wave approaches from the right with an
amplitude of 1.

The example picture given above shows the situation for a 1 micron film (SiO2) and 400 nm
wavwelength: Above the layer (in the range 1 ... 4 microns) you see the superposition of the incoming
and the reflected wawe. In the layer (0 ... 1 micron) there is a superposition of all partial waves going
from the right to the left with those moving from the left to the right. Below z = 0 there is only the
transmitted radiation with a total amplitude that is constant in space.

The following parameters determine the result of the electric field computation:

Laver stack:
The white text field to the right of the label 'Layer stack' shows the name of the layer stack for which

the computation is done. You can change the selection of the layer stack by a drag&drop operation:

Make sure the list of layer stacks and its subranches in the treeview are open. Open the electric field
object with a right-mouse click (if it is not visible at the moment) and drag the wanted layer stack to

the white text field where it is to be dropped.

Angle:
This is the angle of incidence of the incoming beam.

Pol.:
This is the polarization of the incident beam which can be s- or p-polarized.

Z-range:

Here you specify the spatial range for the electric field computation by entering the minium and
maximum z-values, and the number of points you want to use to sample the interval.

In the case of a 2D plot (like the one shown abowe) the z-range displayed may differ from the range in
which values are computed. In all 3D plots the full computed range is shown always.

Range:
Using the menu command Range you can specify the spectral range for the computation. The usual

dialog for spectral ranges is shown:

Spectral range |
kirirnLamn [t
b aimnrn I 20000 Inm [

Murmber of points |-|

0k, Cancel

If the number of spectral points is set to 1 the electric field distribution is computed only for that
spectral point. You can also use several spectral points to compute the field distribution for a whole
sequence of spectral points.

The following example shows the result for a 1 micron glass plate in the infrared (800 ... 1800 1/cm)
using 11 spectral points:
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The individual lines are listed in a separate window which you can open using the Show list

command:
S List of spectra =l
Fil= Mew andimport  [mport Delete putocolor Sot Set all spectral units - Update
7
- 4 ¥ E |
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1 1 artle 200 licm 200 1lerm
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411100 4 1 antTie 1100 Liere 1100 1fora
511200 5 1 artle 1200 1icrn 1200 1fom
6 |1300 fi 1 artle 1300 1icrn 1300 1fom
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For each graph you can set the color and the line type that are used for the plot. You can type in
new values or cycle through all values by right mouse clicks.

If the distribution is computed for several spectral points you can display the results also in 3D
pressing the appropriate buttons. You can use a line plot with lines along the x-axis
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or a grid plot:

Electric field amplitude

1200 Spectral postion
tong [1em]

o e T
R T .
s /’5/%% 4? i3
f,;o' / afo:r
20— g .o?';'ﬁ.% ,g,;, 0.5
15— - ////J@"f ';’f’ _____ / ‘g;’*}:? 0.0
% il 1500
e, - o
0.0

&,ﬂWﬁM

/4’//
’m’

LY

1200 Spectral position
loog  [em]

200

Automatic re-computation
If the menu item File|Options|Automatic update is checked SCOUT re-computes the electric field
distributions if the model is changed. This can be used to elegantly inspect the influence of a model
parameter like a layer thickness or an optical constant parameter on the field distribution: Just move
a fit parameter slider and instantly see what changes in the fields occur.
On the other hand, electric field computations and in particular 3D plots can consume quite a bit of
time, and automatic re-computation should definitely be switched off during parameter fitting.

Export of numerical values
The computed distributions can be exported to convenient tables using the File|Report menu
command. The numbers are written to the workbook which you can open by the command
Workbook|Open workbook. Youll find the table in the worksheet called 'Last distribution'.

Important restrictions:
The present version of this object type requires that the transmission is slightly above zero.
Otherwise you will get an error message and the computation is stopped. We are working on this

problem.

Only coherent and isotropic layers are allowed at present.
No concentration gradient layers are allowed at present.
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11.3 Absorption

This object computes the local absorption in the layer stack. It works exactly the same way as the
objects that compute electric field distributions.

The following picture shows the result for the infrared absorption of the 1 micron glass plate that was
already used and shown in the electric field distribution.
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Important restrictions:
The present version of this object type does not work properly for p-polarization. We are working on

this problem.
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11.4 Optical monitoring
11.41 R vs. total thickness during deposition

Optical monitoring charts displaying the reflectance of a layer stack vs. total layer stack thickness
are computed by objects of type 'Optical growth monitor' that are created in the list of distributions.
These objects are handled almost exactly like Electric field distributions.

The difference is, of course, that the reflectance instead of the electric field is computed. In addition,
the meaning of the x-axis differs. Here x represents the total thickness of the layer stack. If x is
negative, SCOUT computes the reflectance of the blank substrate. Starting at x=0 SCOUT computes
how the reflectance of the layer stack changes while the layers are growing. Like in the deposition,
SCOUT starts a new layer if the present one has reached its final thickness.

As an example, an anti-reflection coating with 4 layers (note that this is just a demo to demonstrate
the optical monitoring and not a professional filter design) and the following structure is used:

Type  Material Thickness

1 Halfspace Vacuum

2 Thin film Sio2 87.6 nm
3 Thin film 2rO2 121.2 nm
4 Thin film Sio2 35.1 nm
5 Thin film TiO2 4.7 nm

6 Halfspace Glass Type BK7

The optical constants are all taken from the SCOUT database.
The reflectance spectra of the blank substrate (red curve) and the final coating are shown in the next
graph:

AR coating

Reflectance

400 450 s00 550 600 650 70D
Wavelength [nm)]

The optical growth monitor shows the development from the blank substrate to the final reflectance.
You can choose a 2D picture
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5 Monitoring chart
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A more advanced example is a dichroic mirror (design published in [Park 1997]) of this structure:

1 Halfspace Vacuum
2 Thin film 2r02

3 _Begin superlattice

4 Thin film Si02

5 Thin film 2r02

6 _End superlattice

7 Thin film Si02

8 Thin film 2r02

9 Halfspace

29.2 nm
Repeat

88.9 nm

58.5 nm

27

88.9 nm
29.2 nm

Glass Type BK7

times

The final transmittance spectrum at 45 deg angle of incidence and s-polarisation is this:

© 2019 Wolfgang Theiss



SCOUT technical manual Spatial and time distributions, optical monitoring 323

11.4.2
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Optical monitoring data for reflectance at normal incidence of light are shown in the next graph:

Reflectance vs. total thickness
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Based on data like this, the monitoring strategy is to be developed in order to find the right moment
to stop the growth of a layer and to start with the next material. In addition to knowledge of the
reflectance vs. total thickness, one may be interested also in the time dependent reflectance signal
which is computed by a similar SCOUT object discussed below.

R vs. time during deposition

Objects of type 'Opt. growth mon. (time)' (managed in the SCOUT list of distributions) compute the
reflectance of a layer stack vs. time while the complete stack builds up the substrate. These objects
are very similar to the previously discussed objects of type 'Optical growth monitor'.

Deposition rates

To compute charts displaying the reflectivity of a stack vs. time during the layer deposition the
depositon rate for each material in the stack must be known. SCOUT stores deposition rates of
materials in a text file that must be in the same directory as the program file (scout_98.exe). At
program start SCOUT reads the file deposition_rates.txt and enters the data decoded there into an
internal table. If you try to compute monitoring data for a material with unknown deposition rate,
SCOUT will ask you to type in that missing number in a dialog like this:
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Depozition rate x| |

Set the depozition rate for £102 [in nmeds]:

k. I Cancel

As you see in the dialog, depostion rates must be specified in nm/s. SCOUT will enter the new value
into its table. Materials are identified by their name in the list of dielectric functions (which is also the
caption of the dielectric function window). When you shut down the SCOUT program the current table
values of deposition rates are stored in the file deposition_rates.txt for future use. Usually you do not
have to inspect this file at any time. However, if you want to look or modify the current values of the
depositon rates you can open the SCOUT table with the menu command 'Rates’". It looks like this:

S Workbook =l
Fil= Copy Paste Clear Graph
| s |
A | B | ¢ [ =
1 |Material Deposition rate [nm/s) |
2 |[(AIDEIGaD 4105 In[.9)F 1.
3 |Zr02 2.
4 |5i02 2.
5
[ |
7
1]
9
10 =
1 i[\ Deposition rates A4 Etch rates /& Q4] | Ll_‘

Here you can enter new values in the column labeled 'Depositon rate'. It is not recommended to enter
new names in the 'Material' column because SCOUT identifies a material by its name which works
reliably only in the case of perfectly correct spelling. So wait until SCOUT asks you to enter a
deposition rate for a new material.

With the (fictitious) values given in the table above the reflectance vs. time curve for the deposition of
the dichroic mirror example (see abowe) is shown below:

Reflectance vg. time
1.0 _— 400 nm

\—H_

(rm_f ——  s00nm
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——  700nm
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1143

Note that SCOUT neglects any time for switching between the growth of the individual materials.
Hence the SCOUT time for growing a stack is the minimum that you can have.

R vs. time during etching

Objects of type 'COME etching monitor' (managed in the SCOUT list of distributions) compute the
reflectance of a layer stack vs. time while the complete stack is reduced by an etching process.
COME stands for Charts for Optical Monitoring of Etching. These objects are very similar to the
previously discussed objects of type 'Opt. growth mon. (time)'. In fact, COME objects just do the
reverse, starting the computation for the complete stack and finishing at the blank substrate.

Etching rates

To compute charts displaying the reflectivity of a stack vs. time during etching the etching rate for
each material in the stack must be known. Like in the case of deposition rates SCOUT stores
etching rates of materials in a text file that must be in the same directory as the program file
(scout_98.exe). The file holding etching rate information is called etch_rates.txt. As before, you do
not have to look at this file but you can wait until SCOUT asks you to provide etching rate information
for a certain material.

Example
The COME result for the anti-reflection coating discussed abowe is this:

Eeflectance ws. etching time
0z — 400 nm

Reflectance
Ll
%)
1

The following etch rates (based on pure imagination) have been used:

Material Etch rate [nm/s]

Si02 0.5
zZr02 1.2
Ti02 0.1
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12
12.1

Working with the workbook
The SCOUT workbook

SCOUT is equipped with an internal spreadsheet called the workbook. The workbook may contain
several worksheets (or workbook pages) each of which is a grid of cells that may contain text,
numbers, or formulas that compute the cell content (using the content of other cells, in most cases).
The workbook serves as temporary storage for many SCOUT operations, and it is a very convenient
tool to exchange data with other applications, like e.g. Microsoft Excel. The workbook is saved as
part of a SCOUT configuration, i.e. its content is stored if you save your SCOUT configuration in the

main window with File|SaveAs.

If you want to keep the content of only the workbook for later use you can store it explicitly using the
file commands of the workbook itself.

Handling the workbook

The normal appearance of the workbook is the following:

i
File Copy Paste Clear Graph Autosize cells
A [ B [ C [ Db ] E [ F [ c=
1 [Wavenumber el e n k [
2 50000 -152.0175016 ] 4.198999562 01702655703 1233071327
3 B055. 17627 -147.6907501 4.001953501 01646363139 12153592303
4 | B6176.352539 -143.3639984  3.804919958 01588753015 11.97452545
5 |6264.520297 -139.0372314 | 3607880116 01529747844 11.79239655
6 [6352.705566 -134.7691498 | 3.416800116 014723595908 11.6092453
7 | 6440551336 -131.2702942 | 3.334180117 01454524541 11.45524509
8 | 6529.058105 S127 77142330 3.249550104 01437277943 11.30451584
9  [6617.234375 -124.2726677 | 3164530105 01419416666 11.14866447
10 | 6705.410645 -120.7736969 | 3.080300093 01401336930 10.99060249
11 67935657402 -117 2748337 2.895B50053 0.135300702  10.83023357
12 [ 6891.763672 -113.7789705  2.811000013 01364433318 10.B6745377
13 | 6965.939941 S110.2771072 ) 2.82634997 4 01345606744 1050215244
14 | 7058.116211 -106.9657135 | 2.741379976 013252004595 10.34327221

[V [\ Object info & Sheetl 7

[N

o

You can modify cell colors and formats, add, delete and print worksheets by right mouse button
double clicks somewhere in the workbook. The following window opens:

E# Formula One Workbook Designer - IEllll
File Edit Vew Data Sheet Faormat Object Help
Diz(E| &wle g2 [F & \O[o[o]s] of=(=lw]
| a2 ] |
A B [ C [ o ] E [ F [ ¢~
1 |Wavenumber el =] i k =
2 50001 -152.0175018  4.195999552 01702655703 12.33071327
3 B055. 17627 -147 6907501 4.0019555801 01646363139 12.15392303
4 [B176.352539 -143.3639984  3.804919953 0.1585753015 ) 11.97452545
5 | 6264529297 -139.0372314  3.607880116 01529747344 11.79239655
b6 | 6352705566 -134.7691498  3.416800116 01472359590 11.6099453
¥ | 6440851836 -131.2702942  3.334180117 0.1454524941 11.45524909
8 | 6529.058105 S127.7714233 3.249550104 01437277943 11.30451584
9 | B617.234375 -124. 2725677 3.164930105 01412416666 11.14866447
10 | 6705 410645 -120.77369659  3.080300093 0.1401336935  10.99060249
- :: [.j—gré-é{—i-r.]—%um Sher—;tfl 4 Il | P e I T e .
For Help, press F1 ] v

Using the commands Format|Cells and Formats|Pattern the following modifications where achieved:
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File Copy Paste Clear Graph Autosize cells
A [ B | € | D
1 |Wavenumber el a2
2 BO00.0  -152.02 4.20
3 BOSE.2  -147 .59 4.00
4 B176.4 -143.36 3.80
bl B2E4.5  -139.04 361
6 BISZF -134.77 3.42
¥ B440.9 13127 3.33
8 Bo29.1 127 FT 3.25
9 BE17.2 12427 3.16
10 BF05.4 12077 3.03
il B7953 6 -117.27 3.00
12 BEE1.E  -11378 2Mm
4 |13|5 My namem/\m'lsﬂeeﬂ 1}n 5 = el |

12.2 Generating graphs with the workbook

In many cases it is convenient to visualize workbook data in graphs in order to inspect relations
intuitively. This section shows how you can do that with the built-in Collect object.

The Collect object is able to display spectra (or other data which are series of x-y-data pairs) in 2D
and 3D graphs. In the following I refer to the individual items as 'spectrum’. The spectra to be
displayed are collected in a list where parameters like pen color or line style can be set for each
spectrum. Working with Collect as a stand-alone program, you can transfer spectra from SCOUT or
CODE to Collect by drag&drop. Of course, you can also import spectra from data files.

Copying data from the workbook to Collect

In order to display workbook data with the Collect object they must be copied into its list of spectra.
This copy process can be initiated using several workbook commands, following always the same
scheme:

¢ Select the workbook sheet from which you want to copy

e Select the cell where the copy process should start

¢ If you want to generate a new graph clear the Collect spectra list with the command Graph|Clear
graphics window. If you do not clear the data the following copy action will add the new data to
the ones that are already present in Collect.

Activate the appropriate copy command in the Graph submenu

Switch to the Collect object to set the graphics parameters that control the graph

To explain the different copy commands the data created in the parameter variation example are
used:
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M LCopy Paste Clear Graph
| a1 |Stack1 Layer 2 5i02 [fuzed]: Layer thickness |
A 1 8 [ ¢ [ o [ E [ F | 6 [ ®w [ 1 [ =4
1 |Stack 1 L_E! 0 10 20 30 40 a0 G0 70 L
2 4000 -0995312 -0.823017 0530538 -0.26546 -0.075129 0.0305963 0.0320529 0.031965 -0
3 404 089633 -0.825724 04834151 -0.265335 -0.0730149 0.0311553  0.047607 -0.065074 0.
4 405 -0.997018 -0.826637  -053578 -0.271673 -0.079759 0.0321264 0.06533597 -0.041655 0.
H] A2 09597328 -0.828435 0538447 -0.274867 -0.082352 0.03226 0.0818273 0.020842 -0
6 416 -0.997561 -0.829893 0540782 -0.277816 -0.034526 0.0321774 0.0674458  -0.00252 0.
7 420 0997637 -0.830763 05425027 -0.280302 -0.037035 0.0320307 0.0723617 0.0136071 -0
8 4240997932 -0.833059 0545927 -0.284296 -0.090435 0.0303151 0.0760745 0.0277345 -0.
9 428 0993056 -0.833634 0547364 -0.286483 -0.092602 0.0303172 0.0797725 0.0405302 -0.
10 432 0993154 -0.834514 0549163 -0.28306 -0.0950558 0.0294535 0.0825373 0.0520162 -0
11 436 0993161 -0.834767 0650294 -0.291086 -0.097145 0.0237043 0.0855523 0.0622192 0.
12 440 -0.9953322 -0.5836259 -0.552839 -0.294317 -0.100214 0.027106 0.0874505 0.0711895 0.
13 444 0935451 -0.857602 0555245 -0.297449 0103251 0.0254007 0.0589277 0.0721338 -O.
14 445 -0.993512 -0.835416 -0.557063 -0.300078 -0.1055926 0.023358 0.0902453 0.0863057 -O.
15 457 00993722 -0.840558 0560423 -0.30402 -0.109665 0.0214197 0.0907153 0.0924345 0.0
16 456 -0.933719 -0.840555 0561647 -0.306139 -0.111991 0.0193573 0.0916432 0.0932615 0.0
17 460 -0.993693 -0.83410365 0562735 -0.308154 -0.114265 0.018451 0.0923329 01034494 0.0
18 464 09936 -0.840638 0563226 -0.309657 -0 116165 0.0171535 0.0929557 01031782 0.0
19 455 0953591 -0.3409558 0664501 -0.311823 -0.118556 0.0154043 0.09315851 0.1123002 0.0
20 A72 0995726 -0.8425686 -0.567272 -0.31527 -0.122045 0.0127945 0.0926034 0.11558059 0.0°
21 475 -0.992105 -0.845825 0573074 -0.321327 -0.127519 0.0054739 0.0905034 01175828 0.0
22 480 -0.992129 -0.847572 0574376 -0.323249 -0.130466 0.0052147 0.0399542 012015874 0.0
23 484 0999275 -0.849721 0573285 -0.327246 -0.134424 0.0030404 0.0855751 01220105 0.0

485 -0.999332 -0.5850931 -0.5680642 -0.331045 -0.1376585 0.0003563 0.0674117 0.1237385 0.1/
4

| |‘_\ Ellipsametry spectrum Delta A Ellipsometry spectrum Pl |

These copy commands can be used:

Graph|x,y downwards

This command is used to copy just a single spectrum starting at the selected cell. Placing the
cursor in the cell A2 SCOUT will start reading the first x-value in that cell (400), then go to the cell B2
to the right of it and read the first y-value (-0.996312). Then it will inspect the cell A3. If it isn't empty
the next pair of x- and y-values is taken from the cells A3 and B3. Afterwards cell A4 is tested for
being empty, and so on. The reading process finishes when the first empty cell in column A occurs.
The collection of the found x-y-pairs is then treated as if it had been imported from a data file:
SCOUT generates an equidistant set of x-values covering the same range of x as the input data. The
corresponding set of y-values is obtained by linear interpolation from the original x-y-pairs. If, like in
this example, the x-values are equidistant already, no changes to the spectrum occur. Finally the
equidistant set of data is sent to the Collect spectrum list.

With appropriate graphics settings one would get from the sample data a graph like this:

Wavelength dependence of cos( &)

0995
@ 0997 — Test dits
2

0998 -

0999 -

-1.000

400 S50 00 700 g00
Waelength [nn]

Graph|x,y1, y2, ... downwards
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After this command SCOUT starts at the cursor position and reads x-values downwards until an
empty cell is found. Starting at the initial cursor position, it reads y-values moving to the right until an
empty cell is found. If there are n rows of x-values and m columns of y-values the program expects
the array of n*m cells to be filled with numerical data. It will pass to the Collect window m spectra
being all defined on a grid of n spectral points.

Starting the copy process at cell A2 one could arrive here:

Wavelength dependence of cos( A)

Wavelength [nm]

Obviously, the names of the individual spectra are not set automatically. You would have to do this
manually which can be tedious if you have many spectra. If each spectrum is characterized by a
number you can use the next command to achieve a reasonable automatic assignment.

Graph|_, p1, p2, ..., x,y1, y2, ... downwards

After this command SCOUT starts at the cursor position and inspects the cells to the right until an
empty cell is found. If there are m non-empty cells the entries of these cells are expected to be
numerical values which are used as parameter value for the spectra. Starting in the cell directly
below the selected cell SCOUT proceeds as described abowe, i.e. it reads n x-values downwards and
m spectra to the right. The spectra and the corresponding parameter values are passed to the
Collect window where the display can now be more complete since each spectrum has its own
'name’ given by the parameter value.

Starting at cell A1 in the example data shown abowe, one can achieve the following chart:

Thickness dependence of cos( A)
1.0

cos(d)

400 500 600 700 800
Wavelength [mm]

If, like in this case, each spectrum has a different parameter, and the list of spectra in the Collector
window is sorted (which is done automatically for you if you apply the command Graph|_, p1,

P2, ..., x,y1, y2, ... downwards) you can click on the buttons promising 3D plots. You get (after
some plot parameter adjustments):
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5
Warvelength S0 0 Chride thickness
[ruxa] [run]

or

05— . 05

-0.5 — —-0.5

-1.0
400

500 150
600 100
Wavelength s00° 0 Ozde thickness
[rum] [nm)]

Graph|x,y from left to right

This command works like Graph|x,y downwards. The difference is that now the x-values are read
from left to right, starting at the selected workbook cell. Below each x-value SCOUT expects a valid
y-value.

Selecting cell B1 in the sample data, and applying this command one gets a plot of cos(delta) at 400
nm vs. SiOx layer thickness:

Cos & (400 nm) vs. thickness
10

0.5 A

cosd

-0.5 A

0 40 30 120 160 200
Thickness [nm]

Graph|x,y1, y2, ... from left to right

This command is used to read many spectra from left to right, like the 'downwards version' discussed
above. Note, howewer, that you should avoid to import too many data sets. A number larger than 40
is not supported by SCOUT.

Graph|_, p1, p2, ..., x,y1, y2, ... from left to right
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This is the 'left to right' version of the similar downwards command described above. Once more,
make sure that there are not too many rows to process. SCOUT will not work properly for more than

40 rows.

For sample data restricted to 21 spectral points in the range 400 ... 800 nm as shown here

File Copy Paste Clear Graph
| W2z |0.1 0543204247952 J
A | B | ¢ | ' p | e I F | &6 | w [ 101 1T a9 | K =
1 [Stack 1Ls 0 10 20 30 40 a0 B0 70 a0 a_|
2 400 -0.996312 -0.82307 0530533 -0.26546 -0.075123 0.0305963 0.0390329 -0.091955 -0.507433 -0.91506
3 420 -0.997687 -0.8307V6% -0.542522 0280502 -0.087035 0.0320507 0.0723617 0.0136071 -0.213221 -0.88154
4 440 -0.955322 -0.836265 0652839 -0.294317 0100214 0027105 0.08745058 0.0711895 -0.0545835 -0.43355
5 460 -0.998693 -0.841036 -0.562735|-0.308154 -0.114265 0.018451 0.0923329 01034494 00349389 -0.1722
6 430 -0.999120 0847572 0574876 -0.323049 -0.130466 0.0052147 0.0399849 01201874 0.0881162 | -0.0334
7 500 -0.999354 -0.853171 -0.586062 -0.338555 -0.145326 -0.007025 0.05838576 01277232 01201918 0.0473
8 5200 -0.99955 -0.8584356 -0.586392 -0.353409 0162042 -0.020931 0.0752454 01292156 0.1392166 0.097673
9 540 -0.999542 0862662 -0.605462 -0.366714 -0.176341 -0.034733 0.0853729 01269322 0.1499455 0.130121
10 oB0 -0.999763 -0.868035 0617406  -0.3511 0192553 -0.045703 0.0536147 0.121314 0.1543434 0.150530
" 580 -0.999345 -0.87293 0627779 -0.394907 020731 -0.064533 0.0412138 0.1137055 0.1546055 0.16307 4
12 G000 -0.999354 -0.876362 -0.636443 -0.407123 0221727 -0.075458 0.0290134 01052222 01522921 0170231
13 G20 -0.999333 -0.830353 0645857 -0.4197058 -0.235397 -0.052707 0.0161311 0.0954484 014755871 0.173183
14 640 -0.99992 -0.8384603 -0.6551658 | -0.432452 -0.260142 -0.107095 0.0029395 0.0847568 01411007 0.172983
15 BED -0.999932 -0.888139 -0 BE3711|-0.444236 -0.263527  -0.12082 -0.009959 00738844 01336689 0.170704
16 G300 -0.999945 -0.891705 -0.672219 -0.455894 -0.276743 -0.134425 -0.022942 0.0526055 0.1252816 0.166637
17 J00 -0.999953 0895206 -0.6808343 -0.46773 0290124 -0.145221 -0.036216 0.0507734 0.1159067 0.160203
18 720 -0.999951 -0.898617 -0.683147 -0.479149 0303072 -0.16164 -0.049261 0.0359243 010514358 0.154257
19 F40-0.999957 -0.902043 -0.657607 -0.490762 0316194 -0.175228 -0.062535 0.0X66925 0.0957253 0.146526
20 JB0 -0.999974 -0.905257 -0.705483 -0.50165 0323532 -0.185154 -0.075231 0.014785 0.0353527 0.138464
i 7800 -0.99993 -0.903442 0713466 -0.51267 0341083 -0.20119 -0.083173 0.0026337 0.0745457 0129635
22 800 -0.999534 0911295 -0.720541 -0.522706 -0.352607 -0.213321 -0.100295 -0.005529 0.0541054 D.‘IQDQ?Zv
4| [s Ellipsometry spectrum Delta 4 Ellipsometry spectrum Psi /2 Spect 4] LlJ

one gets the following picture (starting with cell A1 selected initially):

Cos A ws. thiclmess

i
]

30
Thic

120

letieas [run)

Plots with well-defined and different parameters for each data set can also be done in 3D:

cos A
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Displaying the data in the Collect window
Once the data are copied by one of the commands abowe the Collect window is opened:

5 Collector =]

File Mew and import  Export Show List  Clear list Autocolor Bange Update  Graphics  workbook 2

B Getup B£ Lo D‘;'f;m Risht  Forw. Backw. ﬁ @ @ B

Cos & vs. thickness —
1.0 420
9 0.51 B—
(=] AED
L [ A N 20
0.0 1 e
0.5 .

.04 : — ; .

0 40 80 120 160 200
Thickness [nm]
ol

The indiviual spectra are collected in a list which is opened by the Show List command:

S List of spectra - O] x|

File  Mewandimport  Import Delete  Autocolor Sort Set all spectral units Update 2

- 4+ ¥ E |
Color  |Line Type |Sctre | Marae Filenarne Spectral Tnit j

1 1 actmee 400 Rowr 1

2 (420 2 1 actmee 420 Rowr 2

3 [440 3 1 actme |40 Rowr 3

4 1460 4 1 acte |60 Fowr 4

5 |420 é 1 acttee |20 Rowr 5

é (500 7 1 actmee (500 Rowr é

71520 1 3 actmee (520 Rowr 7

& 1540 2 3 actve (540 Rowr &

o 1560 3 3 actie | 560 Rowr 9

101520 4 3 actmee (520 o 10

11 {&00 [ 3 actmee  |600 Rowr 11

12{620 7 3 acte  |620 Fowr 12

13 {640 1 5 acte  |640 Rowr 13

14&80 2 5 acttve  |BE0 Rowr 14

15620 3 5 actmee 620 Rowr 15

1a{700 4 5 actmee |00 Rowr 16

17{720 4] 5 actee | T20 Rowr 17

12{740 7 5 actie | 740 Rowr 12 =

Each spectrum has a parameter, a color, a line type, a name and a spectral unit.
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12.3

12.4

12.5
12.51

Display graphs of workbook data in a view

Workbook data can be displayed in the main window of SCOUT using objects of type Workbook
display (columns) or Workbook display (rows) in a view. The description of these objects contain

detailed examples demonstrating the required steps.

Workbook file formats

You can save the workbook to a file using the File|SaveAs command. You can chose between
different file formats:

Formula One (*.vts)

This is a binary format which should be used if the saved workbook content will only be read by
SCOUT workbooks again. Hence this format is not very useful if you want to exchange data with
other programs by file tranfer. However, since this is the native format of the workbook component, it
is the most complete storage method with no loss of information.

Excel 5.0 format (*.xls)
This file type can be used to store the workbook in Excel binary format. Obviously, this can be used
to transfer data to Excel or other programs that can import Excel data.

Text file
Alternatively, you can save the workbook content using this text file format which can also be an
attractive way to make data accessible to other programs.

Actions involving the workbook
Parameter variation

This very powerful action shows the influence of one of the model parameters on optical spectra. It
works like this: In the main window of SCOUT, the command Actions|Parameter variation is
executed. In a dialog you can pick one of the model parameters and set the range of the variation by
specifying the minimun and the maximum value and the number of parameter values that you want to
consider. For each particular value of the parameter range, SCOUT computes all spectra and stores
them appropriately in worksheets in the workbook.

In most cases you want to inspect the results graphically. This can be done by copying the
workbook data to the clipboard and from there to Excel or any other software of your choice, or you
can do the visualization using the Collect object that is built in SCOUT.

Here is a step by step example. The goal is to investigate the dependence of a reflectance and an
ellipsometry spectrum on a layer thickness. In order to concentrate on the demonstration of the
parameter variation technique, a very simple example of a silicon oxide layer (layer type: thin film.
This type of layer is automatically treated with coherent superposition of partial waves and the unit for
the thickness is nm) on a silicon substrate (halfspace) is used. A reflectance spectrum (normal
incidence of light) and ellipsometry data (70 degrees angle of incidence) are computed in the spectral
range 400 ... 800 nm (100 spectral data points).

The individual steps are these:

Activate - in the main window of SCOUT - the command Actions|Parameter variation and observe that
you enter this dialog:

© 2019 Wolfgang Theiss



SCOUT technical manual Working with the workbook 335

Parameter rangs:
Minirnurm Pairts I airnim

1] i 1

Cancel |

Select the layer thickness and a parameter range from 0 to 200 nm using 21 points (this means you
will have 10 nm steps in the variation) according to the following settings:

Parameter range:

Minirnurm Paitits I &L
o |21 f200
Ok I Cancel |

If a parameter has a unit (like thicknesses) you have to specify the parameter range using exactly
the same units. In the present example the unit of the layer thickness is nm.
After pressing OK SCOUT computes all the required spectra and automatically opens the workbook:

© 2019 Wolfgang Theiss



SCOUT technical manual Working with the workbook 336

12.5.2

M LCopy Paste Clear Graph
| A1 |Stack1 Laver 2 5i02 [fused): Laver thickness J
A | B [ ¢ | o | eE [ F [ 6 [ ®W T 1 [ =
1 |Stack 1L ] 10 20 30 40 a0 B0 70 L
2 400 -0.996312 -0.6023017 | -0.530530 ) -0.26546 -0.075129 0.0305963 0.0390829 -0.091965 -0.:
3 404 -0.98633 -0.5625724 -0.534151 -0.26593585 -0.0750190.0311553 | 0.047607 -0.065074 -0.
4 408 0.997015 -0.826637 | -0.53575 -0.271673) -0.07979 0.0321264 0.05533597 -0.041655 0
] 412 0997328 -0.828435 -0.538447 -0.274867 -0.082352 0.03226 0.0618273 -0.020842 -0.
6 416 0.997561 -0.829893 -0.540782 -0.277316 -0.084526 0.0321774 0.0674458  -0.00252 -0.
7 420 -0.997607 -0.030762 | -0.542522 -0.280302 | -0.087035 0.0320307 0.0723617 0.0136071 | -0.
i} 424 0.9975992 -0.5633055 -0.545522 -0.284226 | -0.090435 0.0306151 0.07607 45 0.0277945 -0.
9 425 40.998056 -0.833634 -0.547364 -0.286455 -0.082602 0.0303172 0.0797725 0.0405502 -0
10 432 -0.998154 -0.834514 -0.548163 ) -0.28906 -0.095058 0.0294535 0.0828373 0.0520162 -0,
1 436 -0.998161 -0.834767 | -0.550294 -0.291086 -0.097146 0.0287043 0.0855523 0.0622192 0.
12 440 -0.998322 -0.036259 | -0.552639 -0.294317 -0.100214  0.027106 0.0874508 0.0711825 -0.
13 444 -0.998451 -0.637602 | -0.555245 -0.257445 -0.103251 0.0254007 0.0855277 0.0791335 -0.
14 443 0.993512 -0.8353416 -0.557063 -0.300078 -0.105926 0.023858 0.0802453 0.0863057 0.
15 452 0995722 -0.840585 -0.560423 -0.30402 -0.109665 0.0214197 0.0907153 0.0924345 0.0
16 456 -0.995719 -0.840886 -0.561647 -0.30613% -0.111991 0.0199575 0.0916432 0.0282615 0.0
17 460 -0.998693 -0.641036 | -0.562735 -0.305154 -0.114265  0.015451 0.0923329 0.1034434 0.0
18 464 -0.9986 -0.840638 -0.563226 -0.309667 -0.116165 0.0171535 0.08259857 01081782 0.0
19 463 -0.993591 -0.840958 -0.564501 -0.311828 -0.118586 0.0154048 0.0931861 0.1123002 0.0
20 472 0995726 -0.842586 -0.867272) -0.31527 -0.122045 0.0127945 0.0926034 0.1155802 0.0
21 476 -0.998105 -0.846826 | -0.573074 -0.321327 -0.127619 0.00847585 0.0906034 0.1175828 0.0
22 480 -0.995129 -0.847572 | -0.5745876 -0.323945 -0.130466 0.0062147 0.0895549 0.1201874 0.0
23 484 0.999276 -0.849721 -0.576285 -0.327946 -0.134424 0.00530404 0.0885751 0.1220105 0.0

483 0.999332 -0.850931 -0.5580642 -0.331048 -0.137685 0.0003563 0.0874117 01237385 0.1«
5

4| | Ellipsormetry spectrum Delta é Ellipsometry spectrum F‘gl 4]

SCOUT has created a new worksheet for the reflectance data, and two new worksheets for the
cos(delta) and tan(psi) values. Each worksheet has in its first row the name of the varied parameter
and the parameter values. The first column downwards contains the spectral position (here the
wavwelength in nm). Below each parameter value there is a column with the corresponding spectrum.
Clicking in the gray field to the left of 'A' and abowe '1' selects the whole worksheet. The Copy
command transfers the selected cells into the clipboard. From the clipboard you can get the data
with Paste in Excel (or what ever program you prefer for data juggling).

If you like you can also generate 2D or 3D graphs with SCOUT which provides a built-in Collect
object for doing this. The operation of this part of SCOUT is described in a separate section.

After you have done a parameter variation, you can apply the SCOUT command Actions|Repeat
parameter variation to do it once more. SCOUT will empty all relevant worksheets and fill them
with new data. You do not have to select the variation parameter and the range any more. This way
to work is very useful in optimizing a model where you manually make frequent changes and you
have to inspect the parameter variation after each modification of the model.

Parameter fluctuation

Similar to Parameter variations this action visualizes the consequence of fluctuations of model
parameters to optical spectra. It is activated by the main window command Actions|Parameter
fluctuation.

Preparation
Before you use this SCOUT action you should have a working model that computes optical spectra.

The list of fit parameters should contain only those parameters for which you want to study the
influence on the spectra. For each parameter you have specified the range of fluctuation by setting
appropriate values for its minimum and maximum.

An example could be the following: For a layer stack you have optimized the film thicknesses. Now
you want to know what spectral variations you can expect when the thicknesses are realized in a
production with some tolerances, i.e. random fluctuations around their design values. In that case, all
relevant thicknesses should be selected as fit parameters, and the range of fluctuation must be
entered in the list fo fit parameters.

In order to demonstrate the application of the 'Parameter fluctuation' action, start SCOUT and load
the final configuration of SCOUT tutorial 1, example 3. This has been saved in the file
tu1_ex3_step3.s98 (you need to select the SCOUT 98 file filter in the file dialog). After loading it with
SCOUT 2 you should see the following main window:
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S SCOUT C:\delphi_theiss\scout_98\help\tutoriali\ex3\tul_ex3_s... [T ][E])(X]
File Update Objects Range Start Stop  Fit parameter set  Actions 7
Methad  Import  Start  Export  Workbook  View Tdarm I
1.a
a
= 03 A
17
L&)
=]
o 0
04 4
02 4
I} T T - - T . T .
200 300 400 500 600 700 &00 900 1000 1100
Wavelength [nm)
Selected graph: R A E J _I_I>
Reflectance 3270925 |4 ] _—l

The configuration computes a reflectance spectrum for a single Ag layer on glass. The Ag layer
thickness is the only fit parameter in the list of fit parameters. Set its range to 0.015 ... 0.025
(thickness in microns):

| Fit parameters |:||E|Fg|
File Mew Edit Delete Update Slider Fitongrid Limits from sliders 7
+=- =aA + ¥ E
Value [FTare |Fariation |Low Lirait
1| 00200 Stack 1 Lawer 2 Az (Johveon & Christy): La Downball simplexr 0.0130 0.0 4

Activation

Execute the command Actions|Parameter fluctuation in the main window of SCOUT. You are
asked for the number of repetitions, i.e. the number of realizations of a random parameter value and
subsequent spectrum computations:

Parameter fluctuation @

R epetitions:

[20

(1] | Cancel

At present, values between 1 and 250 are allowed here. Leave the suggested value of 20 and press
OK. That's all you have to do!

What happens
For each spectrum in the list of spectra (in the current example there is only one, the reflectance

spectrum) a new worksheet in the workbook is created. The worksheet gets the name of the
spectrum with the extension 'fluctuation’, in the example the name is 'Reflectance fluctuation'.
SCOUT will then draw 20 times a random number between 0.015 and 0.025, assign the value to the
Ag layer thickness and re-compute the reflectance spectrum. The reflectance data are stored in
workbook columns, and SCOUT will compute the minimum and maximum (and their difference) of
the reflectance for each spectral point. The worksheet looks like this:
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Workbook
File Copy Paste Clear Graph Autosize cells
0| 0.0348584675708873 |
E [ F | & [ H [ 1 | =
1 2 3 4

0.2653151 0.2680086 | 0.307772 0.2810580.26 |
0.2635426 0.2663463 0.309662 0.2500474 0.28
0.2600885 0.2629548 0.30658806 0.2770614 | 0.2

0.2650761 0.2579767 0.3061494 0.27235750.27
»':.77|Q1q N 2EE2E75 N NREZEA) N 27012410 7.7
s »

4]k

In addition, SCOUT creates a new view called 'Reflectance fluctuation' and displays the minimum,
maximum and difference of the fluctuating reflectance data. In the case of several spectra in the list
of spectra, SCOUT will create several views with corresponding names. Click the View button in the
main window's speedbar to cycle through all views.

The data display in the view is done by an object of type 'Workbook display (columns)'. In the
example, the view is the following:

3 SCOUT C:\de Iphi_theiss\scout_98Yhelp\tutorialllex3itul_ex3_s...

File Update Objects Range Start Stop  Fit parameter set  Actions 7
Method  Import  Start  Export Workbook  View Merm I
Reflectance fluctuation
1.0
af
E 0.3
(&)
[ 5]
5
e 0.6
0.4
0.2
0.0 T T T T T T T T
200 300 400 00 a00 700 800 900 1000 1100
Wavelength [nm]
Selected graph: E A E K| v ,
Reflectance K| o 1 |

After the creation of the view object, you can modify (Click on the object while the Ctrl-key is
pressed) its appearance (change the graphics parameters, line types, colors and names of the
individual curves, legend settings) as described above. However, if you do a parameter fluctuation
computation again the graphics parameters are copied from the original spectrum object and some of
your changes may be lost.

Doing it again

If you have changed the model (e.g. the range of fluctuations of some of the parameters) you can re-
do the fluctuation computation by Actions|Repeat parameter fluctuation. After this command, you
are not asked for the number of repetitions but the value set previously is used again.

Exporting the fluctuation data
Since the spectral data of the computation are stored in the workbook you can use the workbook

mechanisms for data export to save the data to files or copy&paste to other programs like Excel.
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13
13.1

1311

13.1.2

Working with databases

File based database

Geben Sie hier den Text ein.

Introduction

With SCOUT 2.1 a new structure of the database has been introduced. SCOUT does not require the
Borland Database Engine any more. Instead, all database records are realized as files in a well-
defined folder structure. Initially, we have made these changes in order to prepare SCOUT for the
Linux operating system (for which the Borland Database Engine is not available). While the step to
Linux is still far away, the new database concept turned out to be quite useful already.

The structure of the database is this: The main database folder (default: 'Database’ in the SCOUT
program directory) contains several subfolders. The subfolders contain files with the data of the
various database objects. At present the following subfolders are implemented:

Materials This folder contains material definitions
Coatings Here you find layer stack definitions
Substrates Layer stack definitions of typical substrates

Creating a new database
You can create a new database anywhere in your file system. The full setup of SCOUT 2.1 will

create a small database named 'My_database' in the SCOUT program directory. Just copy this folder
(including its subfolders) to the desired new location and rename it appropriately.

Connecting SCOUT to a new database
In order to connect to a database different from the default database you hawe to use the File|

Options|Database command in the main window. Specify the new database folder in the
subsequent dialog and you are connected to the new database.
The database path is stored in a SCOUT configuration if you use the version 2.1 file format.

Handling database objects
SCOUT itself does not provide mechanisms to delete or mowve database entries. Since all database

objects are simple files you can delete and move them with Windows Explorer. Note, however, that
SCOUT reads the content of the database at program start or during re-connection only. Hence after
a database modification you have to re-connect SCOUT to the database in order to update the lists.
If you want to delete, copy or move materials you have to keep in mind that the properties of each
material are stored in two files. These files have the same filename, but different extensions. In the
case of copying stored effective dielectric functions, you as the database manager are responsible
for copying the relevant host and particle materials as well to the new location.

Convwerting your old optical constant database to the new format
You can convert your old optical constant database to the new format using the DF_DB tool which is

delivered with the SCOUT 2.1 setup files. This program is described in the section about tools below.

Materials

Materials are stored in the subfolder 'Materials' (no surprise!). The properties of each material are
stored in two files. The name of the material is used as filename. The two files have the extensions
*.oc and *.b . Since a material's name is used to create filenames you cannot use symbols like ', /',
'<', ">"or '%' in the name.

If a material is a composite (described as effective medium) the database contains links to the
related host and particle materials which must be in the database as well. If you drag such an item
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13.1.3

13.2

from the database to the material list in SCOUT the entries for the host and the particle material are
automatically copied as well.

The materials available in the database are accessible in the material list.

Layer stacks

Layer stacks are stored in the 'Coatings' and 'Substrate' subfolders. Use the save mechanism of a
layer stack to create new entries in these database folders. You must use the recommended
extension *.Is for a valid database object. At program start (or after a database connection) SCOUT
will read all entries with the *.Is extension from the database folders. The found names are used to to
fill the dropdown boxes for coatings and substrates in layer stack definition objects.

In order to illustrate layer stacks graphically you can generate bitmap graphs and store them in the
database folders as well. For each entry with *.Is extension SCOUT will look for a bitmap file with the
same name and the extension *.bmp. If such a file is found it will be displayed for the selected
coating or substrate in layer stack definition objects.

Working with SQL databases

With object generation 4.60 we introduced connectivity to external SQL databases. You can connect
to MySQL databases or Microsoft SQL server. For both systems basic versions are available which
can be installed free of costs - at least this is the situation in 2018. This documentation does not
cover the installation of the database server itself. It covers the SCOUT and CODE side of the
connection only.

The treeview contains a branch called 'SQL database connection' which looks like this:

[&7 CODE C\live\CODE\startwed [eE]f=]
File P n Update Objects Range Stort Stop Fit parameterset Actions Tools Snapshot Last snapshot _Snapshot history 7

Start  Export  Workbook  View Mems i‘

SQL database connection |

Read configuration from selected database record

Apply SQL selection command:

Retven to main view

The window gives access to several tabs which provide various database functions. Some of these
functions are available as script commands as well - in that case you do not need to access the
SQL database connection window.
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13.21

13.2.2

13.2.2.1

Making the connection

Select the tab 'Settings' to establish a connection to an external database:

SQL database connection

MySQL database access:

Server: Lenovo-PC

Usger: Wolfgang

Password: [ITTT YT I Connect

Database: code

Server: 102,334.232.44

User: me_myself

Password: [T TP TNTYTYY Connect

Database: my_scout_work

Connect to demo database

Microsoft SQL server access:

Connection string:

Default datsbase:  CODE_demo

Connect

There are 3 connections to MySQL databases and a single connection to a Microsoft SQL server.
Two of the MySQL connections can be user-defined. You have to specify the server computer, the
user, the password and the name of the database. The third one is pre-configured and gives access
to a demo database hosted on our webserver. This database is write-protected which means you
cannot make changes to it. Depending on our location and speed of internet connection the access
to the demo database can be rather slow - please be patient.

The connection to a Microsoft SQL server is defined by a so-called ‘connection string' which contains
all access data like name of server and user as well as password. Finding the correct connection
string that connects you to the Microsoft database can be tedious - we recommend to consult the
administrator of the database server to find the right string.

Once you have entered correct access information for a server you can click 'Connect’. SCOUT (or
CODE) will build up the connection. If the specified user has the right to make changes to the
database, in particular to create new tables, a set of tables for SCOUT database work is created
automatically. If these tables exist already in the database the existing tables are used, of course.

Tables

The following tables are created in the database when you connect.

code

This table is used to store complete SCOUT or CODE configurations. Instead of writing a
configuration to a file with File/Save or File/SaveAs you can write to the database table. Storing
configurations to an SQL database has the advantage that you can not only provide a name for the
configuration but in addition you can enter a descriptive text, tags and a list of materials. If you
provide useful information about the content of each configuration you store in the database, you can
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later on execute a convenient search and quickly find all configurations relevant for your current
problem.

The table contains the following columns:

Column Mame Data Type

idhe int

filename nvarchar(100)

description nvarchar(255)

tag rvarchar(255)

date datetime

material rvarchar(255)

generation float

size int

sample_index int

The content of the table 'code' is shown on the tab 'Configuration':

Configuration | Material | Sample | Spectrum | Sample state [ Fit results | settings |

Generate new record and save configuration to it

Save current configuration to selected database record, overwriting tags

Read tion from selected database d
e gt s s e

Low-e demo
Low-e characterization

glass, coating, color, thickness, low-e, L*, 3%, b*, quality, blocker
TiOx, ZnQ, SnO2, Ag, silver, glass, NiCr

TP Te ==+ [« ] ]
idx filename description -
61 Float glass Optical model for float glass in the wavelength range 300 ... 2500 nm
62 White glass Optical model for white glass in the wavelength range 300 ... 2500 nm
63 ZnO double OIL Optical model for the optical constants of Zn0 in the wavelength range 300 ... 2500 nm
72 Demo parameter variation low-e coating on glass, demo, parameter variation
71 Check R+T Import measured R and T spectra and check if the absorption gets negative. Correct R to repair.
68 Colorbox demo Computation of 'color spread' due to thidkness fluctuations
&0 ITO Optical model of ITO layer on glass
» 73 Low-g demo Low-e characterization -
74 Solar control demo Solar control characterization
75 Low-e demo IGU Low-e characterization, insulating glass unit
76 Double silver 1GU Low-e characterization, insulating glass unit, double silver stack
77 Triple silver IGU Low-e characterization, insulating glass unit, triple silver stack
78 Zn0 single O1L Optical model for the optical constants of Zn0 in the wavelength range 300 ... 2500 nm
79 Video tutorial GUI Result of the video tutorial about the user interface of a SCOUT and CODE
80 Video tutorial float glass model Adjustment of a suitable model for the optical constants of float glass
&1 Video tutorial white glass model Adjustment of a suitable model for the optical constants of 'white' glass
82 Video tutorial BK7 Adjustment of a suitable model for the optical constants of BKT
83 Video tutorial oxide layer example 1 Adjustment of a suitable optical constant model for & thin oxide film on BK7 substrate
-
<[ 3

If you select a row of the table and click the button 'Read configuration from selected database
record' the selected configuration will be loaded. Be aware that your current configuration is lost if
you did not save changes. Once the new configuration is loaded its first main view is shown:
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JE7 CODE MySQL import: Low-e demo. EIEE=]
File Update Objects Range Start Stop Fit parameterset Actions Tools Snapshot Lastsnapshot Snapshot history 7
Method Import Stat Export  Workbook View Mems [

Current value
Light transmittance (D65) (T, Simulation) [%] 350
1%/ D65 / 2° (T, Simulation) 93.888)

a* /D65 /2° (T, Simulation) 24332
119 %/ D65 / 2° (T, Simulation) 25831
Light reflectance (D65) (RE, Simulation) [%] 48
53 i L* /D65 / 2° (RF, Simulatien) 26.0261
a* /D65 / 2° (RF, Simulation) 01382
172 ©* /D65 / 2° (RF, Simulation) 95328
Solar i 410) (T, Sizmulation) [%] 582
384.0858 Solar reflectance (EN 410) (RE, Simulation) [%] 262
Abs. It pane (EN 410) (RF, Simulation) [%] 15.7
Shest resistance (RF, Simlation) 35117
Emissivity (effective) (R, Simulation) 0.0457
Color angie variation (RE, Simulation) 341810

If you discover now that your previous configuration was valuable but you forgot to sawe it you can
rescue its content by clicking the button Last snapshot in the button panel below the menu.

Easy search: In order to search configurations you can type in a keyword next to the Search for
button and then click the Search for button. Here is an example:

Configuration | Material | Sample | Spectrum | Sample state [ Fitresults | Settings |

‘Generate new record and save configuration to it

Save current configuration to selected datat record, overwriting tags
Save current configuration to selected database record, not overwriting tags iy g e

Solar control demo

Solar control characterization

glass, coating, color, thickness, low-g, L*, a*, b*, guality, blocker, solar control

TiOx, ZnQ, SnO2, Ag, silver, glass, NICr

DOCODODGOE T

idx filename description -
» 74 Solar control demo Solar control characterization
86 Video tutorial low-e coating design Design deme: single silver low-e coating
87 Video tutorial double silver low-e design Design dema: Double silver low-e coating
i
<[ 3
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13.2.2.2 code_blob

The table 'code' discussed above does not store the configurations by itself. The binary data are
stored in the table 'code_blob'. Users of the software don't have to deal with this separation of
storage.

Columns:

Colurmn Mame Data Type
il int
configuration_idx int
data varbinary(MAK)

13.2.2.3 code_png

13.2.2.4

This table holds screenshots of the configurations that are stored in the table 'code’. At the moment
this table is not used - will be activated in the future ...

Columns:

Column Mame Data Type
idx int
configuration_ick int

data

materials

varbinary (MAX)

This table stores materials in a way similar to the 'optical constant database'. You can drag&drop
materials from the list of materials here. In the opposite direction, you can insert a material from the
table into the list of materials.

The column structure is the following:

Colurmn Mame Data Type
ick int
name rvarchar(50)
type nvarchar(50)
minirmum float
maximurm float
unit nwvarchar(20)
author nwvarchar(50)
tag nwvarchar(255)
date datetime
comment text
object_generation float
object_notes teut
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The user interface for this table looks like this:
Configuration | Material | Sample I Spectrum I Sample state | Fit results I Settings |
Take this!
Ag model (TL) = Ag model (TL)
T
Dielectric function medel c 300
3
Comments: = 250 4
Model that reproduces the optical constants given by Palik g
using Tauc-Lorentz interband transitions models. Z 200
In addition, a flexible Drude model allows to adjust the o
electron damping to account for varying bulk defects like =
- ’ - o 150
grain boundaries or surface roughness in thin fims. fid
100 A
50
Composites: Base materials
04
T T T T T T
0 10000 20000 30000 40000 50000
Wavelength [nm)]
Tags:  metal, model, drude, tauc, lorentz, interband, glazing, glass coating
E]E] =] X Show all ] [Keywcrd search Search for category: hd
idx name type minimurm maximum unit -
17 Argon {283 K) Dielectric function model 1] 1 eV
4 18 Agmodel (TL) Dielectric function model 200 50000 nm
19 Air (283K) Dielectric function model 1] 1ev L
20 Glass {float glass model) Dielectric function model 300 2500 nm 5
21 Universal oxide Master model 200 2500 nm
22 Si (crystaline, MIR-VUV) Imported dielectric function 0.5 7.6 eV
23 502 (MIR-VUV) Imported dielectric function 0.6 7.6 eV
24 Krypton (283 K) Dielectric function model 1] 1ev
25 Xenon (283 K) Dielectric function model 1] 1ev
26 MNiCr blocker Master model 250 25000 nm
32 Zn0 model Dielectric function model 250 2500 nm
31 TiOx model Dielectric function model 380 2500 nm
33 5nOx model Dielectric function model 300 2500 nm
34 SiN model Dielectric function model 300 2500 nm
< +

13.2.2.5

As discussed for the configuration table ‘code' you can filter out materials searching for keywords. In
addition, there are a number of pre-defined keywords collected in a list of categories - this allows
quick search for semiconductors, oxides, and other groups of materials.

Once you have selected a material and you want to use it in your computations just click on Take
this and it will be inserted into the list of materials.

materials_blob

For performance reasons material objects are not stored in the table materials but in a separate table
called 'materials_blob'".

Colums:

Column Mame Data Type
ik int
material_idx int
data varbinary(MAX)

© 2019 Wolfgang Theiss



SCOUT technical manual Working with databases 347

13.2.2.6 materials_png

This table holds screenshots of the materials which are stored in the table 'materials’'.

Columns:

Colurmn Mame Data Type
E int
material_idx int
png varbinary(MAX)

13.2.2.7 parameter_name

When you store fit results to the database (see below) a corresponding table is automatically
generated. Since names of fit parameters or final numbers may violate rules for names of database
columns SCOUT uses safe names like fp1 for the first fit parameter or n3 for the third final number.
This makes reading the results table difficult. The table parameter_name provides a translation of the
database names to the original names used in SCOUT.

In order to retrieve the original names you hawve to filter out all rows which belong to the configuration
of interest.You can do this by searching for the corresponding index of the configuration (column
configuration_idx).

Columns:
Column Mame Data Type
idh int
configuration_ick int
column_name nwarchar(100)
parameter_name nwarchar(100)

With version 4.67 we have introduced 2 more columns in this table (display_format,display_width)
which can be used to generate a user-friendly look of results tables. When SCOUT connects to a
SQL database it adds these columns automatically. The new table structure is this:

Columns:
Column Mame Data Type Allow Mulls
ﬂ int
configuration_idx int v
column_name rvarchar(100) v
parameter_name rvarchar(100) 7
display_format rvarchar(20) 7
display_width int J

The column 'display_width' specifies the width of the column in pixels. If the value is 0 the column
is invisible - in order to see the column you hawe to set a finite value. You can set a value for
display_width for any column of the table.

With 'display_format' you can specify a format to show a floating point number. Make sure that you
set a format for floats only - violating this may cause an access violation error. Examples of
display_format values are given in the table below:
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Floating point number | Content of display format Column output
3.1415287362 #0.000 3.142
3456.23245 # 3456
0.92651 #.00 .93

13.2.2.8 sample

13.2.2.9

This table collects your samples. A sample has a nhame, a description and 3 floating point numbers
that you can freely use to characterize the sample (like deposition temperature or density).

Columns:
Column Mame

narme

description
parameterl
parameter2

pararneter3

sample_position

Data Type
int
nvarchar(100)
nvarchar(255)
float
float
float

Rows in this table are used to connect measured spectra to a specific position on a sample. A
measurement position is given by 3 floating point numbers which represent coordinates like x, y and
z in most cases. A measured spectrum is assigned to a sample_position by specifying its index.
The corresponding sample and the position on the sample can then be looked up.

Columns:
Column Mame

idx
sarnple_idx
position_x
position_y

position_z

13.2.2.10 sample_state

Data Type
int
int
float
float
float

When you have done a measurement and save the spectra to the database you can select an item
from the table sample_state. A sample state is an integer number connected to a text string.
Sample states can be 'fresh’, 'aged’, 'tempered' or any other phrase that you enter to characterize the

state of your sample.

Columns:

Column Mame
i
state

description

Data Type
int
int
nvarchar{45)
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13.2.2.11 spectrum

Measured optical spectra are stored in this table. Each spectrum is connected to a sample position,
a sample state and sewveral other quantities. Please note the important role of the column probehead
which connects a spectrum to an object in the list of spectra in SCOUT. If a spectrum object named
'R' saves a spectrum the probehead name will be entered as 'R’ in the database. When you later try
to load spectra from the database into a SCOUT configuration it must contain a spectrum object with
name 'R' as well. It is recommended to develop a consistent use of spectrum names in your work.

A spectrum may be characterized by up to 3 floating point numbers which may represent the sample
temperature at the time of data acquisition or similar quantities.

Note that the column 'data’ is not used. The spectral data are stored in the separate table
spectrum_blob (see below).

Columns:
Column Mame Data Type
i int
probehead nvarchar(50)
date datetime
sample_position_idx int
sample_state int
parameterl float
parameter2 float
parameter3 float
unit nvarchar(20)
no_points int
minimum float
raximum float
tag nvarchar(255)
data varbinary(MAX)

13.2.2.12 spectrum_blob

This table is used to store spectral data. For performance reasons these are de-coupled from the
other information of stored spectra.
The field 'data’ contains the spectrum in binary notation, using the SpectraCalc file format.

Columns:

Colurmn Mame Data Type
ick int
spectrurmn_idx int
data varbinary(MAX)
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13.2.2.13 Fit results

You can store fit results to a SQL database. In order to do so SCOUT generates a table with
columns that hold the values of fit parameters, optical functions and final numbers. Such a table is
specific for the configuration which means that every configuration will have its own table of results.
The table of results is connected to the corresponding configuration by its index in the table ‘code'.
You can store results only for configurations that were loaded from the database. If the configuration
is not yet stored in the table ‘code' you have to store it and re-load it from the database before you
can sawe fit results.

Here is an example: Suppose you have loaded the following configuration from the database table
‘code’:

[ CODE C:\Users\Wolfgang\AppData\ Roaming\251797 609681 640147.mp [EEr=]
File Presentation Upclste Objects Range Start Stop Fitparameterset Actions Tools Snapshot Snapshot history 7
Method Tmport Stast Ergort  Wodkbook View

ZnO:OJL II: Gamma
ZnO:OJL II: Decay

Stack 1 Layer 2 ZnO: Layer thickness

In the treeview, \isit the SQL database connection branch and open the tab 'Fit results'. Click on
Generate/Open results table. The page should look like this now:

| configuration | Material | sample [ spectrum | sample state | Fit resuits | Settings |

pOoooERane ——
idx code_idx  sample posiion_x  position_y positon_z  position_index sample_state operator
»
4 [l 3

Now since the table exists you can click on Write to results table:

© 2019 Wolfgang Theiss



SCOUT technical manual Working with databases 351

| configuration | Material | sample | spectrum [ sample state | Fitresults | sattings|

o e [-[] [ [e s o
idx code_idx sample position_x  positon_y position_z  position_index sample_state operator
» 1 63 Zn0 (thick) 0 0 0 1019 1
<« 3

Note the value 63 of code_idx: This is the index of the configuration in the table 'code’. The program
has generated a table called results_63' in the database which will be used to collect fit results for
this configuration. Please note that the column names of result tables are quite general names like
fp1, 2, ..., oft, of2, ... and fn1, n2, ... These columns represent fit parameters (fp*), optical
functions (of*) and final numbers (fn*). You can retrieve the original names of these quantities using
the table parameter_name'. This table can also be used to fine-tune the appearance of the results
table.

Not only the fit results have been stored but also the sample, the sample position and all spectra.
You can find the sample ZnO (thick)' on the tab sample. After a double click on the sample row
'ZnO (thick)' all acquired spectra for all sample positions are loaded:

| configuration | Material | Sample |spectrum | sample state | Fit results | settings |
1<) < [ Jlpf# [ = Ja] | x [ ]S shona | |

idx name description parame
» 1024 ZnO (thick)

idx sample_idx position_x position_

<[ <[ [ s J= o] [x el sona y :

Edit sample

|Z| Load spectra taken at this position from database Q
4

idx probehead date sample_position_idx sample_state parameter1 parameter2 parameter3 unit
4 1077 Rf 1019 1 nm
07T 1019 1 nm
1079 Rg 1019 1 nm
1080 FIR 1019 1 nm

Clad
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13.2.3

You can now load new measured spectra (or measure new ones), do the fit and conveniently store
the new results together with the sample information and all spectra.

Clicking Read results from table re-loads measured spectra and fit results from the database into
SCOUT.

Retrieving results from the database

Reading results back from the database should start by selecting a configuration in the table 'code’.
The index of the selected method (column idx) must be combined with the text fragment 'results_' to
get the name of the table that holds the fit results. If the configuration has index 1015 the results are
collected in the table 'results_1015".

Before you work with table 'results_1015' you should select the rows of the table 'parameter_name'
that are related to the selected configuration. Filter out all rows for which configuration_idx = 1015.
You can use the following SQL statement:

select * from dbo.parameter_name
where configuration_idx = 1015

The result may look like this:

it¢ corfiguration_idx  column_name  paemeter_name display_format  display_width
1 127 1015 fp1 OJL | strenath #0.00 50
2 28 105 fp2 OJL | gap # 50
3 29 1015 fp3 OJL | gamma H 50
4 I 15 fpd OJL | decay H 50
5 N 1ns fpl OJL |l strength H#0.00 50
6 32 15 fp& OJL 1l gap H 50
7 33 15 p7 OJL 1l gamma H 50
8 M 1ns fpd OJL 1l decay H 50
5 35 15 fp5 I ocsillator strength & 50
10 36 1015 fp10 thickness HO.00 50
11 715 sample sample MULL 50
12 38 1015 operator MULL MULL 50
13 3% 1015 tag MULL MULL 120
14 40 1015 of 1 shest resistance H0.00 150
15 41 1015 deviation MULL H0.0000000 100
16 42 1015 fit_quality MULL MLULL a0

SCOUT and CODE will do this selection automatically when you generate or open a results table on
the tab 'Fit results'. Before the table is displayed the column names are replaced by the
corresponding parameter names which are taken from the table 'parameter_name' as shown above.
Floating point numbers are formatted using the given display formats. The widths of the columns are
set according to the values given in the column 'display_width'.

In CODE the results table is then shown like this:

[ configuration | Material | Sample | Spectrum | Sample state | Fit resuits | settings
| < EB v x ‘= Generate open resus table ‘ | Virite to resuits table ‘ ‘ Read resuts from table ‘ Method: | 200 double O []
idx code_idx  sample. position_x  position_y  position_z  position_index sample_state operator tag time deviation fit_guality OlLIstrength  OJLIgap OIL1gamma O1L1decay C
4 L 1015 200 (thick) 0 0 o 1019 LWT ustademo.. 16/07/2018 08:38:38 0.0000096 Excellent 6.60 25825 e 5588
2 1015 2nQ (thick) 0 o o 1019 3 wT No serious data here ... 16/07/2018 08:39:13 0.0001767 Acceptable 6.60 25825 150 5588

3 1015 Zn0 (thick) 0 0 0 1019 3 wr bad fit 16/07/2018 08:40:18 0.0012998 Bad 6.60 25825 150 5588
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13.3 Importing spectra from a Zeiss ThinProcess database

You can connect to a Zeiss ThinProcess database, select a sample and measurement position and
load all measured spectra for analysis. All settings and actions are done in a dialog which is
explained below. You can open this dialog in 2 ways:

1. Execute the global menu command Actions / Spectra / Import / Import all spectra from a
Zeiss ThinProcess database.

2. Execute the script line import all spectra from a zeiss thinprocess database'in a script
object, placed in one of the views.

A suitable database driver must be installed on your computer in order to get a connection to the
database. We recommend to install the Microsoft native SQL client SQLNCLI11. A setup routine is
available at the Microsoft website. In addition, the Zeiss database must be configured in such a way
that it allows remote access from your computer. If this is not the case you should contact your
network administrator and/or Zeiss directly.

The ThinProcess dialog looks like this:

T ThinProcess SQL database access | = || = | =2 |

Connection string:  y=55FI;Persist Security Info=False;User ID=Wolfgang;Data Source =WOLFGANG-PC\SQLEXPRESS

Connect | Show all records | | Show top 100 records | Execute select top 100 = from spectra

order by timestamp desc
Disconnect | Show all LoadIds | | Shaw top 100 LoadIds |

Search LoadId:
| Load all spectra for selected Loadld and position | €| < E’E’E’E’E’ v || %

Id Timestamp LoadId ResultMame MeasPointIndex Run_Id LateralPositionMm LongitudinalPositionMm GroupInfo Lat =

4 435 06/04/2016 17:08:04 & Reflection Film 32 3 2456 3281 Traverse
493 06/04/2016 17:08:04 & Reflection Glass 32 3 2456 3281 Traverse E
494 06/04/2016 17:08:04 6 Transmission 32 3 2458 3231 Traverse
492 06/04/2015 17:08:03 6 Reflection Film 31 3 2394 3179 Traverse
490 06/04/2016 17:08:03 & Reflection Glass 31 3 2394 3179 Traverse
491 06/04/2016 17:08:03 6 Transmission 31 3 2394 3179 Traverse
439 06/04/2018 17:08:03 & Reflection Film 30 3 2333 3076 Traverse
487 06/04/2016 17:08:03 & Transmission 30 3 2333 3078 Traverse
438 06/04/2016 17:08:03 6 Reflection Glass 30 3 2333 3076 Traverse
435 06042015 17:08:03 & Reflection Glass 29 3 227 2973 Traverse
486 06/04/2016 17:08:03 & Transmission 29 3 2271 2973 Traverse
434 06/04/2016 17:08:03 6 Reflection Film 29 3 2271 2973 Traverse
433 06042015 17:08:02 & Reflection Film 28 3 2209 2870 Traverse
481 06/04/2016 17:08:02 & Reflection Glass 28 3 2205 2870 Traverse
432 06/04f2016 17:08:02 & Transmission 28 3 2209 2870 Traverse
430 06042015 17:08:02 & Reflection Film 27 3 2143 2767 Traverse
473 06/04/2016 17:08:02 6 Reflection Glass 27 3 2148 2767 Traverse
479 06/04f2016 17:08:02 & Transmission 27 3 2148 2767 Traverse
477 06/04f2015 17:08:01 & Reflection Film 2% 3 2086 2665 Traverse

4 k
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The line at the top contains the so-called 'connection string' - this defines details of the connection to
the ThinProcess database. Finding a working connection string might be difficult - you can consult
the Zeiss ThinProcess documentation or contact us for help. Before you try a connection string you
should verify that a network connection to the database server exists - you could open a Windows
command line (cmd.exe) and execute the command ping followed by the IP address of the sener,
like 'ping 192.168.2.13' (the IP address of this example must be adapted to your situation, of course).
You should receive a server reaction within a few ms.

The connection string is saved in the file default_values.ini in the user directory (where the license file
sits) when you exit the program and loaded again when you start.

Once the database connection is established you will see the last 100 spectra that have been stored
in the database. The SQL command 'select top 100 * from spectra order by timestamp desc' has
been executed. You can send some pre-defined SQL selection commands by clicking the buttons
Show all records, Show top 100 records, Show all Loadlds and Show top 100 Loadlds. If you
want to see spectra of a certain sample only, you can enter the Loadld of that sample in the edit box
right to the button Search Loadld and then click this button. Finally, you can define your own SQL
selection statement in the upper right corner and click the Execute button.

Inspect the selected records and find the sample and measurement position that you are interested
in. Place the cursor in one the rows that shows the wanted Loadld and the wanted position (identified
by MeasPointindex or the values LateralPositionMm and LongitudinalPositionMm. Then click the
button Load all spectra for selected Loadld and position. The program will now select, one after
the other, all records that belong to the same measurement point. In the example shown below there
are 3 matching records, with ResultName = Reflection Film, Transmission and Reflection Glass. For
each value of ResultName a spectrum object with matching name is searched for in the list of
spectra. If a match is found the measured data are sent to the corresponding spectrum object. For
the example shown here you must have at least 3 spectra in the list of spectra with names
'Reflection Film', Transmission' and 'Reflection Glass'. A successful data import is shown in the
‘activity box' at the bottom of the dialog:
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-

T ThinProcess SQL database access [= ===
Connection string:  y=55F1;Persist Security Info=False;User ID=Wolfgang;Data Source =WOLFGANG-PC\SQLEXPRESS
’ Show all records ] ’ Shaw top 100 records ] gelect top 100 * from spectra
order by timestamp desc
’ Show all LoadIds ] ’ Show top 100 LoadIds ]
Search LoadId:
[ Load all spectra for selected LoadId and position €| < .EBB v || % @
Id Timestamp LoadId Resultame MeasPointIndex Run_Id LateralPositionMm LongitudinalPositionMm GroupInfo  Lateral
b 437 06/04/2016 17:08:03 6 Transmission 30 3 2333 3078 Traverse

<« [ ¥
Loading spectra for &
Reflection Film loaded
Reflection Glass loaded
Transmission loaded

When the last spectrum has been loaded the dialog is closed automatically.
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14 Automation

You can automate actions using the built-in automation timer. The timer generates timer events after
equidistant time intervals. At each timer event

O
O

O

o
O
O

the automation timer is stopped until the actions below are done.

spectrometers record spectra if the option 'Acquire spectra at automation steps' is activated.
This option is available through the command File/Options/Data acquisition/Acquire spectra
at aumation steps.

trigger objects in the list of spectrometers check if their conditions is true or false. Depending on
the outcome scripts may be executed.

a fit is started after data acquisition if the option 'Start fit after acquiring new spectra’ is set. You
can do this through File/Options/Data acquisition/Start fit after acquiring new spectra.

the global parameter 'timer' is updated. This parameter counts milliseconds since the start of the
automation timer. In most user-defined expressions you can refer to the time elapsed using the
key word 'time'. You can, for example, compute values of any fit parameter (which may be a
master parameter) as function of time. This way you can generate time dependent spectra for
demonstrations, e.g. to show how the reflectance of a layer stack changes when a layer grows.
view objects may change their position or other properties based on time. This way you can
generate dynamic visualizations.

the optical model is re-computed.

the \visible main view is updated.

the automation timer is activated again.

The automation settings can be changed in the following dialog which shows up through the menu
command File/Options/Automation:

- 'y

Automation )

Automation parameters
Interval [ms] 1000

Time maximum [ms]

Autostart
Cyde

Logging

The timer interval is set in ms, also the maximum time of the automation period.

If the checkbox Autostart is activated the timer starts to run as soon as the configuration is loaded.
If Cycle is active, the automation is repeated once the maximum time has been reached.

The option Logging controls if values like optical functions or integral quantities in CODE are stored
in the workbook for each timer event.

Keyboard action
In the main view you can start the automation by pressing the key 't' on your keyboard. Pressing 't'
again stops the automation.

View element
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The view element 'Automation button' can be inserted into any view and serves as a button to start or
stop the automation. The view element can display a metafile graph owverlayed by the current
automation time.
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15 Technical notes
15.1 General features of SCOUT objects

SCOUT objects have some general features which are documented in this section.

There are some common menu commands and also some symbols on the 'speed bar' (called speed
buttons) below the menu which are shared by many objects. Most of the speed buttons cause the
same action than menu commands which is indicated in the following.

Eile

The file menu with New, Open ( ), Save and Save As ( ) commands for loading and storing
the object to files (binary). Also a print and printer setup command as well as an option item is
provided generally. The report command writes the object report to a small text editor from where it

can be sawed to a text file or copied as text into the clipboard. Usually an Exit ( E ) action is also
provided.

Update
This commands is used to update the object. Most objects will respond by re-drawing the object's

graphics, some will also do some re-computation if necessary.

Help
Show this help.

15.2 List properties

Many SCOUT objects use lists to manage a collection of objects. In some cases the objects are all
of the same type, in others one list manages various types of objects. A typical list window looks
like this:

B EY + [RTATR - &= 4+ B
Weizht |T3rpe |
1.000 R.TATE

On top are the menu items of the list. Besides the File submenu which is a feature of almost all
SCOUT objects the above example shows the items that are common to most list objects:

New ( ¥ )

This command creates a new list object. If the list supports only one type of objects a new one is
created and appears in the list. Usually you have to choose one of several possible object types.
This is done by a selection box like the following
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|R,T,ATR j

which shows the object types that may be created in this particular list. An object of the selected
type is created when the New command is activated the next time.

If there are already objects in the list and one is selected (simply place the cursor on the object's line
to select it) most lists insert the new object before (i.e. abowe) the selected one. Some lists simply
append new objects at the end of the list.

Edit (¥ )

This activates some mechanism to edit the currently selected object. For objects which are
represented by a window this window will be opened giving access to all the objects settings.
Objects which are not represented by a window may show a dialog to edit their properties. Some
object may not respond at all to the edit command if their properties can be set directly in the list
(see below).

An alternative way to activate the 'edit action' is to select an object's line in the list and click on it
with the right mouse button.

Delete (= )
This deletes the currently selected item, usually without any warning.

Delete all
Use this command to delete all objects in the list.

Move up ( 4 ) and move down ( \ )
For cases where the order of the list entries is important you can move up and down the selected
object using the shown speed buttons. These actions cannot be activated by menu items.

Color

This menu command is available in almost all lists. It opens the standard windows dialog to select a
color (depending on your windows version you may get this dialog in your language, of course) for the
selected object in the list:

HENMEEEEEN
EEEEEEEN
HEEENEN N

Benutzerdefinierte Farber:

Farbt.; H 20 Fat: (128
EEEEEEERN

Satt; Iﬁ Gruir: Iﬁ
| FabelBasis g . Iﬁ Blavs: IE
k. | Abbrechen | Farben hinzuflLigen |
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15.3

The selected color is used to draw the background of the object in the list. Since the text is
displayed in black you should avoid dark colors in order to maintain readability. Here is an example
of a list with colored objects:

. Simulated Spectra
File Mew Edit Delete Update Color 7

+ |E]Jipsnmetr§,rspectnnn j N—- 4+ H

Marne |Weight |T5rpe |
1 |E 1.000 R TATE

T 1.000 R TATE

Ellipsormetry 50° 1.000 Ellipsometry spectora

Ellipsometry 70° 1.000 Ellipsometry spectorn

A double click on an object in a list activates the color dialog as well.

Direct editing

Most text entries in a list can be edited directly by simply placing the cursor on the text and typing
in something new. In this case the selected 'text cell' is turned into edit mode which can be seen by
the white background color of the cell. Instead of simply starting to type you can switch to edit mode
by hitting the return key on your keyboard. A second return key hit shuts off edit mode again.

Cell selected, no editing:
INarme WY

Spectnun sirmulation

Cell selected and in edit mode:
lydarre \'\'EEE

Spectnim sinulation 1.00

Most objects offer some of their basic parameters (like their name, e.g.) for direct editing which is
very convenient if you have to modify many objects in a list. When you finish editing by moving to
another cell or by hitting the return key the object decides if it accepts the text entered by you. If not
the cell content is restored that was there before you started editing.

Spectral range selection

Most objects where a spectral range must be defined use the following dialog to set the required
values specifying the range:

Set axiz range E3 |
kirirnLrm Imm It

I awirnurn I 1.000 IEI"“"I j

MNurmber of points |2|:|

QF. Cancel
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The example defines 20 points (with equal spacing in between the points) covering the range from 0
to 1 eV. The spectral units supported by SCOUT are

Quantity Unit
Wavenumber  1/cm
Energy eV
Frequency THz
Wawelength nm
Wawelength micron

15.4 User defined functions

Some SCOUT objects use a formula interpreter to create data. To do this the user usually specifies
in a dialog the formula by editing a string. Also the range over which the data will be calculated can
be set. When you leave the dialog a formula interpreter checks the formula string and fills the data of
the object with new values calculated according to the formula.

In a formula string you can use the following functions:

Function
abs(...)

sin(...)
cos(...)
tan(...)
cof(...)

asin(...)
acos(...)
atan(...)

sinh(...)
cosh(...)
tanh(...)

exp(...)
In(...)
log(...)
sqr(...)
sqrt(...)
frac(...)
int(...)
step(...)
rect(...)
rnd(...)

si(...)
pi

Explanation

the absolute value of the argument

trigonometric functions (argument in rad)

inverse trigonometric functions

hyperbolic functions

the exponential

the natural logarithm

the logarithm with base 10

the square of the argument

the square root of the argument

returns the fractional part of the argument
returns the integer part of the argument
the step or 'heavyside' function

the rect function

returns random numbers centered around 0 with amplitude
given by the argument

sin(...)/(...)

3.14159

Expressions of the form number1*number2 are allowed and return the number2'th power of number1.
Of course the usual operators +,-,*,/ and () can be used to combine expressions.
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15.5
15.5.1

15.5.2

The variables that can be used in a formula string vary from object to object and are given in the
individual formula dialogs.

Import formats
Overview

The formats for data import supported at present are the following:

SCOUT standard format

xy-format
JCAMP format

SpectraCalc format

Perkin-Elmer format

Perkin-Elmer ASCII format

Zeiss format

Opus format

HunterlLab UltraScan

Hitachi ASCII format

Woollam WVASE32 ASCII format

If your favourite format is not supported please ask us to implement it.

Data from Excel tables can be imported using the SCOUT workbook. A description of this procedure
is given below.

SCOUT standard format

For easy data exchange between SCOUT objects and other programs SCOUT objects can read and
write data in ASCII files using a simple, column based data format. This is explained at best in an
example. A file containing data columns (y-values) defined on equidistant x-values would look like
this:

Standard data file Comment

0 First row: minimum of the x-range
100 Second row: maximum of the x-range
7 3 Third row: Number of rows of data

points and separated with a blank
the number of data colums.
Here: 7 rows in 3 columns.

Data created by M.D. Fourth row: one line to comment the data
1.00 232.4 4343.97

1.30 242.3 4545.23

0.34 234.4 4546.45

456 232.6 4543.40 Data rows and columns

1.45 232.4 4545.56

1.43 232.8 4545.63

1.40 2329 4545.99

Hello user! In this section Anything else in the file is not read usually.
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anything can be added
but it is useless since it
is not read by SCOUT objects.

The format for non-equidistant x-values (i.e. for each y-value there is an x-value) is the following:

Standard data file Comment
0 First row: O
0 Second row: 0

To indicate the format for
nonequidistant data the first
and second row must contain
the same number, usually a 0

7 3 Third row: Number of rows of
data points and separated
with a blank the number of
colums of y-data.

Here: 7 rows in 3 columns.

Data created by M.D. Fourth row: one line to comment the data
0.01 1.00 232.4 4343.97

0.02 1.30 242.3 4545.23 Data rows and columns
0.05 0.34 234.4 4546.45

0.04 4.56 232.6 4543.40 one row of x-data

0.03 1.45 232.4 4545.56 three rows of y-data

0.09 1.43 232.8 4545.63

0.12 1.40 232.9 4545.99

Hello user! In this section Anything else in the file is not read usually.
anything can be added

but it is useless since it

is not read by SCOUT objects.

15.5.3 xy-format

Some SCOUT objects can read or write data in a very simple format without any header, namely by
just using pairs of x- and y-values stored in ASCI files.
An example is the following:

1.2 0.234
1.5 0.302
1.9 0.452
0.7 0.332

Since the x-values must not necessarily have equal spacings (as in the example abowe) a problem
arises when an object tries to import such data which requires equidistant x-values (such as object
of type 'single data column field'). In this case the following is done:
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15.5.4

15.5.5

15.5.6

15.5.7

15.5.8

The pairs of x-y-data are read from the file, then they are sorted by the x-values (starting with the
smallest). A 'grid' of equally spaced x-values is created covering the same x-range as the original
data and using the same number of data points. Finally the corresponding y-values are calculated by
interpolating between the original data.

JCAMP format

The JCAMP-format is a text file (ASCII files) format which has been established as a standard for
data transfer between spectroscopic software packages. Unfortunately there exist by now many
different JCAMP-formats with different data compression techniques (there are even binary JCAMP-
formats). SCOUT supports only a very few of the simple ASCIl-versions.

SpectraCalc format (GRAMS)

Many optical spectra are stored using the very compact binary SpectraCalc-format (usually identified
by the extension *.SPC). SCOUT can import such files as long they contain just one spectrum -
multiple spectra files are not supported up to now.

Perkin-Elmer format

Binary format used by Perkin-Elmer spectrometers (usual file extension: *.sp).

If the import using this routine does not work, please try the import routine for Perkin-Elmer ASCII
format.

Perkin-Elmer ASCII format

ASCIl format created by Perkin-Elmer spectrometers. Unfortunately the default file extension is the
same (*.sp) as for the binary format above. So be sure which format you have before you try to import
data using this import routine.

Zeiss format

Format used by Zeiss spectrometers for spectrum export. Typical file extensions are *.000, *.001, ...
or *.dat.

The import routine has been extended with object generation 3.90: If a *.dat file contains more than 1
spectrum the user is informed about the number of spectra and can input the number of the wanted
spectrum.

This is in particular useful if spectra generated by old versions of the Optoplex P software have to be
analyzed. In this software you have the option to export all spectra measured by a probehead to a
single *.dat file.
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15.5.9 Opus format

Used by the Bruker Opus software to export data in binary files. Typical file extension: *.0, *.1, ...

15.5.10 HunterLab UltraScan

This format is text file based (default extension: *.CSV). A file may contain seweral spectra, each one
in a separate row with its spectral values separated by commas. A header line contains the
description of the items in each row.

SCOUT will display the first four values found for the individual spectra in a dropdown list and give the
user the opportunity to select a spectrum from the list. It is assumed that the first four items contain
a description of the spectrum, giving enough information for identification.

15.5.11 Hitachi ASCII format

This is a simple ASCII format created by Hitachi spectrometers. SCOUT will only import data from
the file if line 4 in the file contains a '3' - this indicates a spectral scan in nanometers.

SCOUT will not check if the spectral type denoted in line 5 (Reflectance, Transmittance, ...) agrees
with the settings in the importing object. This is your responsibility.

15.5.12 WVASE32 ASCII format
Output format of the Woollam WAVSE32 software.

This format is for multiple files. SCOUT will handle the data according to the following rules (please
read the section below about overwriting these rules as well):

Ellipsometry:

e If the importing object is an ellipsometry spectrum it will accept data only from lines starting with a
number in the first column (This indicates ellipsometry data). Secondly, the ellipsometry object will
check if the angle of incidence given in the second file column agrees with its own angle. Only in
the case of positive identification of spectrum type (ellipsometry) and angle of incidence it will read
psi and delta.

¢ Ellipsometry objects will not do any automatic correction of the type of computed quantities -
please check yourself if the model computes Psi and Delta when you import Psi and Delta values.
If the imported data are trigonometric functions of Psi and Delta you have to do appropriate
settings in the ellipsometry object to compute the same quantities in the model.

Reflectance and transmittance:

¢ In the case of reflectance or transmittance spectra, SCOUT will scan the WVASE32 file for lines
starting with identifiers like 'uT or 'sRr'.

¢ In the case of non-normal incidence of light, SCOUT will only accept data lines with a polarization
state matching the polarization settings of the model: The first letter of the data line indicates the
polarization: 's' denotes s-polarization, 'p' stands for p-polarization and 'u' is for unpolarized
radiation.

¢ In the case of normal incidence (exactly 0 degree or 180 degree), SCOUT will scan for data lines
starting with 'u' independent of the polarization settings of the model (If you would set the
polarization in the model to 'mixed' SCOUT would compute both s- and p-polarized spectra and do
the averaging. This would take twice as long as the computation of a single spectrum).

¢ In the case of a computed reflectance spectrum, SCOUT will only accept lines for which the 2nd
letter is 'R'.
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In the case of a computed transmittance spectrum, SCOUT will only accept lines for which the 2nd
letter is T

e If the angle of incidence in the model is larger than 90 degree, only data lines with the 3rd letter
equal to 'r' are considered.

¢ If the angle of incidence is below 90 degrees, the third letter must be 'b' for reflectance (i.e.
including backside reflection).

¢ In the case of transmittance and angles below 90 degrees, the 3rd letter must be blank. The
Woollam software does not create different notations for transmittance spectra with or without
multiple backside reflections.

If your WVASE32 files contain all the spectra you need for your SCOUT configuration, you can use
the following shortcut for data import: Use the command Actions|import all spectra from a single
WVASE32 ASCII file, select the file and SCOUT will try to import measured spectra for all objects in
your list of spectra that import measured spectra.

Overwriting the import rules
You can customize the import of WVASE32 data setting your own choices for the search string and
the angle of incidence.

Setting a search string:

Starting with object generation 3.90, the rules to import WVASE32 data which are explained above
can be overwritten. In objects that compute reflectance or transmittance spectra you can explicitly
set the search string using the local menu command File/Options/WVASE32 import/Search
string. For example, you could set the search string to 'UR' - in this case all lines in the data file
starting with 'uR' will be considered as input for this spectrum, independent of the rules stated above.
After you set the search string empty the rules will apply again.

Setting a search angle:

If you specify a negative search angle (like -1) SCOUT will take the first angle found in the file and set
the angle of incidence for the simulation to this value. Lines with angles different from the first
one are ignored. The command to be used is the local menu command File/Options/WVASE32
import/Angle of incidence.

Both settings are stored in configuration files.

15.5.13 Import from Excel

Spectra from Excel can be imported if they are available in the following structure: There must be a
column with the spectral positions, followed by a column with the reflectance or transmittance data.
An example is shown below:
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X Microsoft Excel - test.xls

DEHSRY 4RI - a® =443 02 |

ﬁgatei Bearbeiten Ansicht Einfiigen Format Extras Daten Fenster 7 ;[ilﬁﬂ

”Arial <10 Fjrg|§§§|§%unntgg -&-g-”|
E7 - =]

A B C | D | E | F [ G ZI'
| 1] 200 229005 0.00s8 —|
| 2 | 2m 2306545 0.00143
| 3 | 202 2318993 -2 A4VE04
| 4 | 203 2329539 0.00176
| 5 | 204 2343407 3.07E-04
| B | 205 2354145 -BESED4
LI 206 236913 0.00144 I .I
| 8 | 207 2382353 -0.00247
1 9 | 208 23958335 0.00415
| 10 209 24.11919  -8.80E-05
| 11 210 2426333 -0.00468
|12 21 2442491 9.537E-04
| 13 212 2457715 -5.26E-04
| 14 213 2472776 4. 44E-04
| 15 214 2486771 5. 49E-04
| 16 | 215 2502994 -0.003
|17 216 252m2 5.94E-04
| 18 | 217 2535504 0.00362
| 19 | 218 2551604 -1.03E-04
| 20 | 219 256721 -7 BoE-04 -
li4 [« » [»] testdata |« | L”J
Bereit |1 [ | 0 [ |

Column A contains the wavelength in nm, column B the transmittance data in %.

To import this spectrum to SCOUT the following steps are to be taken:

Select column A and B or the whole worksheet and copy the selection to the clipboard.
Open the SCOUT spectrum window where you want to import the spectrum.

Use the Workbook|Open workbook command to open the workbook.

Select cell A1 and activate the Paste command to paste the clipboard data to the SCOUT

workbook. Use the Autosize cells command to resize the cell widths if necessary.

S Workbook = [=]

Fle Copy Paste Clear Graph Autosize cells

| E12
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B | C

S0 | == | S [ G| e | | P |

1
| v [\ Object info
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23.43427 3.07E-04
23.84145 -5.65E-04
23.6913| 0.00144
23.82393 -0.00247
23.98335 0.00415
24.11919 -9.80E-05
24.26333 -0.00465
24.42491 9.37E-04
24 57715 -5.26E-04
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r‘iSheeH 3 ﬁ

|
—
o

I
»im

¢ Now place the cursor in the workbook cell A1 (which contains the number 200)
¢ Go back to the spectrum window (you can close the workbook if you like) and import the data with
the command Workbook|iImport xy.

¢ In the following range dialog, check the unit and change it if it's wrong.
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15.6
15.6.1

15.7

Spectral range

Minirmurm I 200,00
b airnLinm I SE00.00

Murmber of points | 2301

k. Cancel
Spectral range |
Minirmurm I 200,00 Lirit
b airriurm I 250000 d

Murmber of points | 2301

0k, Cancel

e That's it. The data are imported.

Export formats
Overview

Some SCOUT objects can export computed numbers to data files. Depending on the type of format
the user has to specify some parameters such as the size of a data column or the number of
decimals used in text file export.

The following formats are used:

SCOUT standard format

SpectraCalc format
Perkin-Elmer format

Options

You can set several program options to influence the behaviour of SCOUT. These are accessible
using the File|Options submenu.

Here is a list of implemented options:

Password

You can protect a SCOUT configuration by setting a password. However, this protection only works
with the main menu switched off. To turn the main menu on or to modify view elements, the user
needs to know the password.

If the password is empty (this is the default setting at program start) SCOUT will not ask for a
password verification.

Username
If you specify a username SCOUT will enter it automatically if you add a material to the database.
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Database

In order to connect to a database different from the default database you hawe to use the File|
Options|Database command in the main window. Specify the new database folder in the
subsequent dialog and you are connected to the new database.

Sample description

Use this command to enter the description of the sample. The sample description can be displayed
in a view using the corresponding view object.

Sample descriptions are usually used in combination with batch control.

Toolbar
This is a submenu with switches that control the visibility of the various toolbar buttons.

See the section about configuring SCOUT for routine work.

Rating
This submenu gives access to the rating settings. The following submenu commands are available:
e Show: check or uncheck this option to show (or not show) rating information
e Change level threshold: Use this command to modify the threshold of a quality level
e Change level description: Use this command to modify the description of a quality level
¢ Show settings: This command opens a short dialog like the following which displays the
current settings:

SCOUT X

R.aking setkings:

Level Threshold Description
0.0000100 Excellent
0.0001000 Good
0.0010000 Acceptible
0.0100000 Ead
0,1000000 Rejected

O Qa0 =

R aking infarmation is displayed

Batch control
Submenu related to the batch control window with the following commands:

o Synchronize batch control window: Right side: If you check this option the batch control
window will appear to the right side of the main window and fill the rest of the screen whenever
you re-size the main window

e Synchronize batch control window: Bottom: If you check this option the batch control
window will appear at the bottom of the main window and fill the rest of the screen whenever you
re-size the main window

o Batch control always on top: When this option is checked the batch control window will
always be on top of other windows

Appearance
Submenu with the following items
¢ Main window dimensions: Use this command to set the size of the main window in 4 short
dialogs. You are asked for the position of the upper left corner on the screen and the window
width and height.
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e Laptop dimensions: Use this command to fill the typical screen of a laptop computer with the
main window (1024 by 768 pixels). This command is convenient if you prepare presentations for
beamers with this resolution.

e Statusbar: This menu item can be switched on and off. The statusbar at the bottom of the main
window is displayed or not depending on the setting.

¢ Menu visible at start: Uncheck this option if you want to hide the menu after loading the
configuration. This is useful for presentations

¢ Presentation style: If you check this option the main window is shown without title bar,
surrounding frame and Windows control elements:

File Update ©Objects Range Start Stop  Fit parameter set Actions  Tools 7

SCOUT

Welcome to SCOUT!

Replace this starting configuration start sc2 hy your
favourite confiouration. SCOUT automatically loads
thiz configuration when it starts.

[
Selected graph: E A E B el
i KR _1

With switched-off statusbar and menu it looks like this:

SCOUT

Welcome to SCOUT!

Replace this starting configuration start.sc2 by your
favourite configuration. SCOUT automatically loads
this configsuration when it starts.

L

¢ Laptop presentation style: The same as the 'Presentation style' command abowe, but with
simultaneous re-scaling to the 1024*768 resolution

e Show sliders after loading: This is a switch that controls if sliders are automatically displayed
at program start. See the section about configuring SCOUT for routine work.

e Show spectra after loading: This is a switch that controls if the spectra windows are
automatically displayed at program start. See the section about configuring SCOUT for routine
work.

Data acquisition
Submenu with items related to spectrum recording:
e Save acquired spectra: Check this item if you want to save the measured spectra to data files

after data acquisition
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o Start fit after acquiring new spectra: If checked, a parameter fit is automatically started when
the data acquisition has finished

Animation
Submenu to control parameter animation:
o Parameter animation interval: Use this command to set the delay between two subsequent
states of the animation
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16 Tools

16.1 Overview

SCOUT communicates with some tools by easy drag&drop exchange of optical spectra. The
programs are explained shortly in the following. All tools mentioned below are contained in your
SCOUT licence.

16.2 Data Factory

Data factory is a utility to create and manipulate data.

With Data factory you can

Compute new data or manipulate existing ones by applying user-defined formulas
Use up to three input spectra in your formula

Create data by drawing using spline interpolation

Reduce the number of data points by averaging

Smooth curves

Fourier transform data

16.3 Collect

Collect is used to display many spectra in one graph. The present version of Collect supports 2D
and 3D plots.

16.4 DirectDF

The functionality of DirectDF has been integrated into SCOUT when
the Pane wizard has been developed. If you have SCOUT or CODE
you do not need DirectDF anz more - just use the pane wizard!

This is a small tool for the direct determination of dielectric functions. It can be applied if you have
recorded a transmittance as well as a reflectance spectrum on the same sample spot, and if, in
addition, the sample is just a thick layer of the material under investigation. No interference fringes
must appear in the spectra, although multiply reflected partial waves are allowed. Both spectra have
to be recorded at almost normal incidence of light. From the two input spectra and the sample
thickness (which must also be known before) the dielectric function is computed. The transmission
must be significantly different from zero.

This method applies to thick substrates with both sides polished such as microscope slides, silicon
wafers polished on both sides or KBr plates.

16.5 Digit

This tool is used to digitize curves manually or semi-automatic from literature sources. You must
have a Windows-bitmap (*.bmp) obtained from a scanner or a video frame grabber.

16.6 DF_DB

This tool converts a database of optical constants from previous SCOUT wersions (up to version 2) to
version 2.1 which is necessary because we have changed the structure of the database completely.
In order to convert your dielectric function database to the new database system start the program
df_db which is contained in the complete setup of SCOUT 2.1. The program looks like the old
database window:
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LiF' M.Theiss Hard- and Software Dielectric function database i =]
Connectl Database file: C:h\delphi_theisshdatabase_appshdielfunc\di.DB E =it |
Hl - | - | Hl + | —| - | r/"l e ("l Export | Appendand updatefrom . | 2,44 _7|

M aterial: IAg Amodel Drag |

Datavalidfhom | 2000 wpte | 50000 |i/em ~| ] View

Created by: IW.TheiB Default:l wihen: IDS.D?.1998 Repart |

Comment adjusted to the DF from Johnson and Christy, separates clearly the free election susceptibility [Drude model] ;l
from the interband contributions

Use the Connect button in the upper left corner to connect to the database you want to conwvert.
Then press the Export button in the upper center and select the folder where you want the new
database entries be created. Select the subfolder 'Materials' in the new database folder structure.
Once you hawe selected the target folder you are asked if you want to overwrite existing entries

automatically:
x
@ Cwerwrite existing data aukomatically?

Having received the answer to this question, DF_DB starts to convert the data. The material names
of the old database are used to create the required datafiles of the new database. If one of these
names contains an illegal character such as >,<,%,\ or / you will get an error message and the
conversion is stopped. In the example above the name 'Ag /model' is not allowed as filename and the

following error message pops up:

DF database x|

Q Cannot create File C:hdelphi_theiss\database_appsidielfuncitestlag fmodel.b.

In this case you have to rename the material and start the export again.
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17

171
17141

17.1.2

Ole automation

Introduction
Introductory remarks

The SCOUT software developed for optical analysis by spectrum simulation is a Windows based
stand-alone solution. The typical SCOUT user works in a research environment, has some
background in optical spectroscopy and is able to setup new models for optical constants and layer
stacks.

Communication with other programs is possible by file import and export and some clipboard
transactions.

For routine spectroscopy (product and process control) simplified user interfaces have been
deweloped. While there is an almost complete SCOUT program doing its work in the background the
'front end window' has only a few buttons being operated by users without spectroscopic
background.

A typical sequence is the following: First a so-called 'method' is loaded (i.e. a complete configuration
containing all necessary models for a given problem) which is then used to analyze many spectra of
a certain type of samples. A spectrum is loaded (or recorded with direct spectrometer control from
within the front end application), the parameter fitting is started and stopped after a certain level of
quality has been reached, and finally the obtained parameters are stored in a proper way.

Following increasing demands for external control we have turned SCOUT into an OLE automation
server accessible by all Windows programs supporting OLE automation. The SCOUT OLE
automation server is described in this user guide.

After a description of the installation procedure the public properties and methods of SCOUT OLE
automation objects are discussed. Then we show how you can automate your SCOUT work using
Visual Basic for Applications (VBA) macros in Excel. Programs providing easy access to tables of
data like spreadsheet applications are certainly best suited for SCOUT work. This will be clear from
the shown examples. Nevertheless, you can use any application that can act as an OLE automation
client (or controller) to work with the SCOUT senver.

Installation

Automatic installation

The installation of the OLE server is done by the SCOUT setup routine. It registers the application as
OLE automation server named 'scout.scoutole’ which is from now on available to all OLE automation
clients like LabView, Excel, C++, ... .

Manual registration
You can unregister and register OLE servers manually, using the Windows command line with

administrator rights. In order to unregister SCOUT as OLE server, use the command
c:\program files\scout\scout.exe /unregserver
where the path to the executable file has to be adjusted, of course.

To manually register SCOUT please use the command
c:\program files\scout\scout.exe /regserver

Using OLE automation
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17.2
17.21

17.2.2

17.2.3

During your work with the automation server you will have to use configuration files and — eventually —
files that contain sets of fit parameters. It is recommended that you collect those and the
experimental data files that are going to be analyzed in appropriate directories.

After the automation sener is registered in the Windows registry (see the installation section) OLE
automation clients can create automation objects and control these by their properties and methods.
To give an example, the following two lines of Visual Basic code generate the new automation object
'scout’ whose methods and properties can be used afterwards:

Public scout As Object
Set scout = CreateObject("scout.scoutole”)

While methods are called to induce some server activity object properties are used to set or recall

some object variables. This section describes the SCOUT OLE automation object properties and
their use.

Automation object properties
a_filename (string)

Executes the standard dialog to select a filename. Returns the selected name. VBA example:
Range("results"). Offset(4 + i, 1) = scout.a_filename;

Writing this property has no effect.

absorption_coefficient ...

Returns the absorption coefficient of the n-th dielectric function in the dielectric function list at the
wavenumber specified by the 'wavenumber' property. The unit of the absorption coefficient is 1/cm.

Writing this property has no effect.

average_time (real number)

Reading this number you obtain the average time (in seconds) used for one iteration of the fitting
procedure.

VBA example:
Range("results"). Offset(4 + i, 1) = scout.average_time;

Writing this property has no effect.
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17.2.4

17.2.5

17.2.6

17.2.7

17.2.8

17.2.9

batch_configuration_file (string)

Setting the batch_configuration_file property you can load the content of the batch operation
worksheets. You have to pass the name of an existing file (including the extension *.xls) as shown in
the following VBA example:

scout.batch_configuration_file = "f:\examples\batch_parameters.xls"

This statement causes the loading of the specified batch configuration file.

batch_fit_deviation (sample:string) (float)

After the performance of a batch fit you can use this command to get the obtained fit deviation for the
specified sample.

VBA example:
quality = scout.batch_fit_deviation("s413 #3")

batch_fitparameter_name (index: integer) (string)

Returns as a string the name of the batch fit parameter specified by the index parameter.

VBA example:
this_name = scout.batch_fitparameter_name(5)

batch_fitparameter_value (sample: string, index: integer) (float)

Returns as floating point number the value of the batch fit parameter specified by index, obtained in
the batch fit for the sample specified by the sample parameter.

VBA example:
this_value = scout.batch_fitparameter_value("s413 #3", 5)

batch_fp_set_stop_reason (sample : string, fp_set_index: integer) (string)

Returns the reason why the batch fit of sample samplename has been finished for the fit parameter
set given by fp_set_index.

batch_input_path(index : integer) (string)

This property is the network path to the input spectra of the spectrum specified by the index
parameter. The filenames of the input files are composed from the batch_input_path, the
batch_spectrum_filename and the extension defined in the 'Input options' worksheet of the batch
control workbook.

You can read or write the batch_input_path.

VBA example:
scout.batch_input_path(1) = "C:\test\data\trans\"
scout.batch_input_path(2) = "C:\test\data\refl\"
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17.2.10 batch_name_of_spectrum (i : integer) (string)

Returns (as string) the name of the i-th spectrum in the batch control workbook. The spectra are
labeled 1,2,..., n if there are n spectra for each sample.

VBA example:
my_spectrum_name = scout.batch_name_of _spectrum(2)

Writing this property has no effect.

17.2.11 batch_number_of_spectra (integer)

Returns the number of spectra defined in the current batch control workbook. Use this number to
iterate through all spectra in a loop.

VBA example:
nbs = scout.batch_number_of _spectra

Writing this property has no effect.

17.2.12 batch_prefit_result(sample : string) (string)

Returns the pre-fit set found for the specified sample during the batch fit.

VBA example:
start_set = scout.batch _prefit_result("s413 #3")

17.2.13 batch_sample_parameter(sample : string) (float)

Use this property to set or read the numeric parameter of a sample in batch control workbooks.
Specify the sample by its name, and pass the numerical parameter as float.

VBA example:
scout.batch_sample_parameter("s413 #3") = 13.56

17.2.14 batch_spectrum_filename (sample : string, index : integer) (string)

Specifies the input spectrum for the spectrum specified by the index parameter and the sample
specified by the sample parameter. You can read or write this item. The input spectra are labeled 1,
2, ... nifthere are n spectra for each sample.

VBA example:
scout.batch_spectrum_filename("s413 #3",1) = "c:\test\s413_3 r"

17.2.15 batch_status (integer)
Inspect this value to find out if SCOUT is busy with a batch fit operation.

If the value of batch_status is 1 the batch fit is still active.
If the value is 0 the batch fit is finished and you can pick up the results.

VBA example:
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This example starts the batch fit and then waits in a loop until the batch fit is done. Every 3 seconds
the batch status is checked. Finally a message box indicates the termination of the batch fit.

scout.batch_go
While scout.batch_status <> 0
Application. Wait Now + TimeSerial(0, 0, 3)
Wend
msgbox "Batch finished"

17.2.16 color_coordinate(spectrum_index,simulated,color_type,illuminant,observati
on_angle) (float)

Computes the color coordinate of a spectrum.

The index of the spectrum in the list of spectra is given by the parameter 'spectrum_index'. The
spectra are counted 1, 2, 3, ...

Depending on the parameter 'simulated’ the color coordinate of the simulated or the measured
spectrum is computed:

simulated = 0: The color coordinate of the measured spectrum is computed
simulated = 1: The color coordinate of the simulated spectrum is computed

The 'color_type' parameter selects the color coordinate to be computed. The following choices are

possible:

0: L*
1: a*
2: b*
3: X
4: Y
5: Z
6: X
7 y
8: z
9: L
10: a
11: b

'llluminant' selects one of the following illumination spectra:

0: A

1: D65

2: C

With 'observation angle' you can set the observation angle for which the color coordinate is
computed:

0: 2°

1: 10°

Example:

Calling scout.color_coordinate(1, 1, 1, 0, 1) returns a* of the first simulated spectrum in the list of
spectra. It is computed for illuminant A and 10° observation angle.
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17.2.17 configuration_file (string)

Setting the configuration_file property you specify the optical analysis method that is stored in a
complete configuration file. You have to pass the name of an existing file as shown in the following
VBA example:

scout.configuration_file = "f:\examples\s-pol.sio"
This statement causes the loading of the specified configuration file.

Reading this property returns the name of the configuration file that was loaded by SCOUT in the last
'load configuration' action.

17.2.18 dielectric_function_name(i:integer) (string)

Returns the name of the i th dielectric function. The following VBA command fills a certain cell with
the name of the 5th dielectric function:

Range("results”). Offset(5, 1) = scout.dielectric_function_name(5)

Setting this property has no effect.

17.2.19 df_real_part(n : integer; wavenumber : real number) (real number)

Returns the value of the real part of the n-th dielectric function in the dielectric function list at the
wavenumber specified by the 'wavenumber' property.

Writing this property has no effect.

17.2.20 df_imag_part(n : integer; wavenumber : real number) (real number)

Returns the value of the imaginary part of the n-th dielectric function in the dielectric function list at
the wavenumber specified by the 'wavenumber' property.

Writing this property has no effect.

17.2.21 error_messages_all_messages : string

Returns a string containing all current messages, separated by carriage returns and line feeds.

17.2.22 error_messages_classification(message_index:integer):integer

Returns the classification (as an integer number) of the error message with the given index.
Messages are counted 1,2,3, ...
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17.2.23 error_messages_classification_to_text(this_classification:integer):string

Returns a text that describes the specified classification.

17.2.24 error_messages_number_of:integer

Returns the current number of error messages.

17.2.25 error_messages_text(message_index:integer):string

Returns the text of the error message with the given index. Messages are counted 1,2,3, ...

17.2.26 error_messages_type(message_index:integer):integer

Returns the type (as an integer number) of the error message with the given index. Messages are
counted 1,2,3, ...

17.2.27 error_messages_type_to_text(this_type:integer):string

Returns a text that describes the specified type of error message.
17.2.28 experimental_spectrum_comment(n:integer): string
Returns the comment of the n-th measured spectrum in the spectrum list.

Writing this property has no effect.

17.2.29 experimental_spectrum_value(n:integer;wavenumber:real number):real
number

Returns the value of the n-th measured spectrum in the spectrum list at the wavenumber specified by
the 'wavenumber' property.

Writing this property has no effect.

17.2.30 fft_thickness

Performs the FFT thickness analysis and returns the obtained thickness.

Parameters:

n_spec: number of the spectrum in the spectrum list

wn_min: wavenumber minimum of the used spectral range
wn_max: wavenumber maximum of the used spectral range

fit_np: number of data points used to sample the spectral range
d_min: expected thickness minimum

d_max: expected thickness maximum

n: refractive index of the layer

VisualBasic example: scout.fft_thickness(1,650,7000,2048,5,50,2.0)
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17.2.31 fft_strength

Returns the height of the peak determined in the last fft_thickness routine for spectrum n_spec. This
number can be used to get information on the qualitiy of the analysis.

17.2.32 file_format (integer)
Sets the file format for subsequent import actions.

The following values are implemented up to now:

format File format
Standard
xy-format
JCAMP
SpectraCalc
Perkin-Elmer
Zeiss

Opus

NOoO OO, OWON -

17.2.33 file_object_generation (real number)

Returns the object generation of the last configuration file that has been loaded into SCOUT.

17.2.34 fit_deviation (real number)

Returns the current fit deviation.

Dim this_deviation as single
this_deviation = scout.fit_deviation

Setting this property has no effect.

17.2.35 fit_parameter_mode(i:integer) (integer)

Sets (or reads) the variation mode of the n-the fit parameter. The following values are implemented at
present:

mode meaning

Frozen

Downhill simplex

Computed from master parameters by formula
Fit on a grid with 10 points

Fit on a grid with 20 points

Fit on a grid with 50 points

Fit on a grid with 100 points

Start at low limit

Start at interval center

Start at high limit

Fit on a grid with n points (n is set in user options)
Honey mode

2 OO ~NOOOPS~WN-=-0 1

o
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17.2.36 fit_parameter_name(i:integer) (string)

Returns the name of the fit parameter. The following VBA command fills a certain cell with the name
of the selected fit parameter:

Range("results"). Offset(4 + i, 1) = scout.fit_parameter_name(i)

Setting this property has no effect.

17.2.37 fit_parameter_set (string)

Setting the fit_parameter_set property you specify the file from which a fit parameter set is to be
loaded. Reading this property has no effect.

Reading this property returns the name of the currently loaded fit parameter set.

VBA example:

scout.fit_parameter_set = "c:\buffer\test.fps"

17.2.38 fit_parameter_value(i:integer) (real number)

Returns the present value of the fit parameter i. The n fit parameters are labeled from 1 to n.

Dim my_value as single
my value = scout.fit_parameter_value(12)

Set this property to pass a value to a fit parameter in SCOUT:
Dim my_value as single

my value=3.4
scout.fit_parameter_value(12)=my_value

17.2.39 fit_parameter_value_min(i:integer) (real number)

Sets the lower boundary (minimum) of the range of variation of the n-th fit parameter. Reading this
quantity returns the current value of the lower boundary.

17.2.40 fit_parameter_value_max(i:integer) (real number)

Sets the upper boundary (maximum) of the range of variation of the n-th fit parameter. Reading this
quantity returns the current value of the upper boundary.

17.2.41 fitting  (integer)
Returns information on the fit activity of SCOUT.
The value of fitting is O if there is no fit running, fitting is equal to 1 during the fit.

VBA example:
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if scout.fitting=1 then ...

Writing this property has not effect.

17.2.42 foundfiles (integer)

Returns the number of files that were selected in the last 'searchfiles' action.

This number can be used to iterate through all the found filenames. The latter can be obtained by the
found_filename function.

17.2.43 found_filename(i:integer) (string)

This function returns the complete filename of the i-th selected file in the last searchfile action.

17.2.44 fp_set_name (index : integer) (string)

Returns the name of the fit parameter set with index ‘index'.

17.2.45 get_sim_val1(n : integer; wavenumber : real number) (real number)

Returns the 1st simulated value of the n-th simulated spectrum in the spectrum list at the
wavenumber specified by the 'wavenumber' property. If the spectrum is an ellipsometry spectrum,
there are two simulated quantities: Psi and delta, or cos(psi) and tan(delta). In that case the 1st
value is the psi-related quantity. The second quantity, related to delta, can be obtained using the

function get_sim_val2.

Writing this property has no effect.

17.2.46 get_sim_val2(n : integer; wavenumber : real number) (real number)

Returns the 2nd simulated value of the n-th simulated spectrum in the spectrum list at the
wavenumber specified by the 'wavenumber' property. This is used in cases like ellipsometry where
there are two simulated quantitiesi: Psi and delta, or cos(psi) and tan(delta). In that case the 1st
value (obtained by the function get_sim_val1) is the psi-related quantity. The second quantity is the
one related to delta.

Writing this property has no effect.

17.2.47 grid_test_max (single)
This property sets or gets the minimum value of a parameter variation on a fixed grid.
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17.2.48 grid_test_min (single)
This property sets or gets the minimum value of a parameter variation on a fixed grid.

17.2.49 grid_test_no_points (integer)
This property sets the number of points used in the parameter variation on a fixed grid.

17.2.50 grid_test_para (integer)
This property sets the fit parameter varied in a parameter variation on a fixed grid.

17.2.51 incidence_angle(i:integer) (real number)

Returns the angle of incidence of the i th spectrum. The following VBA command fills a certain cell
with the angle of incidence of the 2nd spectrum:

Range("results"). Offset(2, 1) = scout.incidence_angle(2)

Setting this property sets the value of the incidence angle of the i th spectrum in the SCOUT
spectrum list.

17.2.52 kappa(n : integer; wavenumber : real number) (real number)

Returns the imaginary part of the refractive index of the n-th dielectric function in the dielectric
function list at the wavenumber specified by the 'wavenumber' property.

Writing this property has no effect.

17.2.53 layer_material(n,m: integer) (string)

This function returns the name of the material assigned to layer m in the layer stack n (stacks and
layers are counted 1,2,3, ...).

17.2.54 layer_thickness(n,m : integer) (float)

Sets or reads the thickness of the m-th layer in the n-th layer stack to the value passed to the
property. Both the layer stacks and the layers in a layer stack are counted starting at 1. Reading
this property returns the current value of the layer thickness.

17.2.55 layer_type(n,m : integer) (string)

This function returns the type of layer m in the layer stack n (stacks and layers are counted
1,2,3, ...).
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17.2.56 load_experiment(n: Integer; const filename: String; format: Integer);

Loads for the n-th spectrum in the spectrum list experimental data from the file specified by
‘filename'. The format used is given by the 'format' parameter:

format File format

1 Standard
xy-format
JCAMP
SpectraCalc
Perkin-Elmer
Zeiss
Opus

NO R, WN

VBA example:

scout.load_experiment(5, "c:\buffer\test.spc",4);

17.2.57 main_window_height

Height of the main window.

17.2.58 main_window_left

Screen coordinate (x) of the main window's upper left corner.

17.2.59 main_window_top

Screen coordinate (y) of the main window's upper left corner.

17.2.60 main_window_width

Width of the main window.

17.2.61 material_is_in_material_list (material_name : string) (integer)

Returns 1 if a material named material_name is in the list of materials, 0 otherwise.

17.2.62 material_is_in_database (material_name : string) (integer)

Returns 1 if a material named material_name is in the database, 0 if not.

17.2.63 measurement(i:integer) (string)

Setting this string to an appropriate filename will cause SCOUT to import the experimental spectrum
of the i-th spectrum in the spectrum list from the specified file. The expected format of the measured
data must be set before using the file_format property.

© 2019 Wolfgang Theiss



SCOUT technical manual Ole automation 390

17.2.64 mutlidimensional_gridfit (integer)

Returns or sets the option 'multidimensional gridfit".

A value of 0 means 'multidimensional gridfit' is switched off, a value of 1 stands for 'multidimensional
gridfit' is switched on.

VBA examples:

scout.multidimensional_gridfit=1

check = scout.multidimensional_gridfit

17.2.65 number_of_dielectric_functions (integer)

Returns the number of dielectric functions in the present SCOUT configuration. The dielectric
functions are counted from 1 to number_of dielectric_functions.

Dim np as integer
np = scout.number_of _dielectric_functions

Setting this property has no effect.

17.2.66 number_of_fit_parameters (integer)

Returns the number of fit parameters used at present. This can be used to write loops with some
action executed for all fit parameters. For example, you could create a table with the fit parameter
names and current values.

Dim np as integer
np = scout.number_of fit_parameters

Setting this property has no effect.

17.2.67 number_of_fp_sets (integer)

Returns the number of fit parameter sets.

17.2.68 number_of_layer_stacks

Returns the number of layer stacks.

17.2.69 number_of_layers_in_stack(n:integer)

Returns the number of layers in the n-th layer stack (stacks are counted 1,2,3, ...).
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17.2.70 number_of_spectra (integer)

Returns the number of spectra in the present SCOUT configuration. The spectra are counted from 1
to number_of_spectra.

Dim np as integer
np = scout.number_of _spectra

Setting this property has no effect.

17.2.71 object_generation (real number)

Returns the object generation of the SCOUT program.

17.2.72 optical_function(a_string : string) (real number)

Returns the value of the optical function defined by the text passed in the string a_string. If the
optical function cannot be evaluated a value of 0 is returned.

Example:
x1 = scout.optical_function("SiN(n at 400 nm)")

Setting this property has no effect.
17.2.73 optical_function_by_index(i : integer) (real number)

Returns the value of the i-th optical function in the current list of optical functions in SCOUT.

Example:
x1 = scout.optical_function_by_index(3)

Setting this property has no effect.

17.2.74 parameter (i:integer) (real value)

Sets or reads the value of the i th parameter.

Defined for future use. Until now no parameters are used in SCOUT.

17.2.75 rating (string)

Returns the current rating.

17.2.76 rating_theshold (level_index:integer) (float)

Returns or sets the rating threshold for the rating level specified by level_index.
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17.2.77 rating_description (level_index:integer) (string)

Returns or sets the string for the rating level specified by level_index.

17.2.78 reference_spectrum(n:integer;formal:integer):string

Setting this string to an appropriate filename will cause SCOUT to import the reference spectrum of
the i-th spectrum in the spectrum list from the specified file. The format of the measured data must
be set by the format parameter.

The following values for the format are implemented up to now:

format File format
Standard
xy-format
JCAMP
SpectraCalc
Perkin-Elmer
Zeiss

Opus

NOoO OO~ OWON -

VisualBasic example:

scout.reference_spectrum(1, 4) = "c:/temp/dummy2.spc”

17.2.79 refractive_index(n : integer; wavenumber : real number) (real number)

Returns the refractive index of the n-th dielectric function in the dielectric function list at the
wavenumber specified by the 'wavenumber' property.

Writing this property has no effect.

17.2.80 sample_description: string

Read and write the sample description which is used in some views.

17.2.81 simulated_spectrum_value(n:integer;wavenumber:real number):real number

Returns the value of the n-th simulated spectrum in the spectrum list at the wavenumber specified by
the 'wavenumber' property.

Writing this property has no effect.
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17.2.82 simulation_exportfile(n:integer;formal:integer): string

Assigning a filename to simulation_exportfile will cause SCOUT to save the simulated data of the n'th
spectrum in the spectrum list to the specified file. The format used for the datafile is given by the
'format' parameter.

The following values for the format are implemented up to now:
format File format
1 Standard

2 xy-format

4 SpectraCalc

VisualBasic example:

scout.simulation_exportfile(1, 4) = "c:/temp/dummy2.spc"

17.2.83 spectrum_graphics_xmax(n : integer) (real number)

Returns the maximum of the displayed x-range in the graphics of the n-th spectrum in the list of
specta.

17.2.84 spectrum_graphics_xmin(n : integer) (real number)

Returns the minimum of the displayed x-range in the graphics of the n-th spectrum in the list of
specta.

17.2.85 spectrum_graphics_xticks(n : integer) (real number)

Returns the distance between tick marks on the x-axis in the graphics of the n-th spectrum in the list
of specta.

17.2.86 spectrum_graphics_xtitle(n : integer) (real number)

Returns the title of the x-axis in the graph of the n-th spectrum in the list of specta.

17.2.87 spectrum_graphics_xunit(n : integer) (real number)

Returns the unit of the x-axis in the graph of the n-th spectrum in the list of specta.

17.2.88 spectrum_graphics_ymax(n : integer) (real number)

Returns the maximum of the displayed y-range in the graphics of the n-th spectrum in the list of
specta.
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17.2.89 spectrum_graphics_ymin(n : integer) (real number)

Returns the minimum of the displayed y-range in the graphics of the n-th spectrum in the list of
specta.

17.2.90 spectrum_graphics_yticks(n : integer) (real number)

Returns the distance between tick marks on the y-axis in the graphics of the n-th spectrum in the list
of specta.

17.2.91 spectrum_graphics_ytitle(n : integer) (real number)

Returns the title of the y-axis in the graph of the n-th spectrum in the list of specta.

17.2.92 spectrum_name(i:integer) (string)

Returns the name of the i th spectrum.
The following VBA command fills a certain cell with the name of the 2nd spectrum:
Range("results"). Offset(2, 1) = scout.spectrum_name(2)

Setting this property has no effect.

17.2.93 spectrum_range_max(n : integer) (real number)

Returns the maximum of the spectral range of the n-th spectrum in the list of specta.

17.2.94 spectrum_range_min(n : integer) (real number)

Returns the minimum of the spectral range of the n-th spectrum in the list of specta.

17.2.95 spectrum_range_points(n : integer) (integer)

Returns the number of points of the n-th spectrum in the list of specta.

17.2.96 spectrum_range_unit(n : integer) (string)

Returns the spectral unit of the n-th spectrum in the list of specta.

17.2.97 tolerance (real number)

Use this property to read and to set the tolerance which is used for terminating the downhill simplex
fitting method.
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17.2.98 weight_formula (spectrum_index, subindex : integer) (string)

17.3
17.31

17.3.2

17.3.3

17.3.4

Returns or sets the weight formula of the spectrum given by spectrum_index. If the spectrum object
is an ellipsometry object you have to set subindex to 1 to refer to the weight_formula for psi. Using a
value of 2 for subindex selects the weight formula for delta.

Automation object methods
acquire

This command executes the global acquire command in SCOUT: All spectrometers are told to
record new spectra.

acquire_dark

Use this command to tell all spectrometers to record their dark spectrum.

acquire_reference

Use this command to tell all spectrometers to record their reference spectrum.

add_layer_definition_on_top(stack_index : integer;definition : string)

A new layer is added on top of the current layer stack with index 'stack_index' in the list of layer
stacks (stacks are counted 1, 2, 3, ...).

The new layer is specified by the string 'Definition’. The string may be composed by several terms,
separated by tab characters. A tab character has the ASCII code 9 (In VisualBasic, for example, this
is obtained by Chr(9)).

Possible layer definitions are

¢ "Simple layer" + tab + string specifiying the material + tab + string specifying the thickness in
cm(!) + tab + string specifying the partial wave superposition ("coherent" or "incoherent")

¢ "Thin film" + tab + string specifiying the material + tab + string specifying the thickness in cm(!)

e "Thick layer" + tab + string specifiying the material + tab + string specifying the thickness in cm(!)

e "Variable thickness" + tab + string specifiying the material + tab + string specifying the thickness
in cm(!) + tab + string specifying the thickness variation in cm (1) + tab + string specifying the
thickness profile ("1" rectangular, "2" Gaussian)

¢ "Rough interface" + tab + string specifying the roughness formula + tab + string specifying the
value of the ¢1 parameter + tab + string specifying the value of the c2 parameter

¢ 'End superlattice' (no parameter)

¢ 'Begin superlattice'+tab+'10' (the last partial string specifies the number of repetitions of the
superlattice)

¢ Starting with object generation 3.81: "Anisotropic layer" + tab + string specifiying the material to
be used for the x-y-plane + tab + string specifiying the material to be used for the z-plane + tab +
string specifying the thickness in cm(!) + tab + string specifying the partial wave superposition
("coherent" or "incoherent")

VisualBasic examples:
The VisualBasic code

scout.clear_fit_parameters

scout.clear_layer_stack (1)

scout.clear_material_list

Call scout.add_layer_definition_on_top(1, "End superlattice")
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17.3.5

Call scout.add_layer_definition_on_top(1, "Simple layer" + Chr(9) + "Si3N4" + Chr(9) + "0.0002" +
Chr(9) + "coherent")

Call scout.add_layer_definition_on_top(1, "Thin film" + Chr(9) + "Ag (JC)" + Chr(9) + "0.000001")

Call scout.add_layer_definition_on_top(1, "Begin superlattice" + Chr(9) + "10")

Call scout.add_layer_definition_on_top(1, "Thick layer" + Chr(9) + "Si3N4" + Chr(9) + "0.2")

Call scout.add_layer_definition_on_top(1, "Rough interface" + Chr(9) + "c1*EXP(-X*X/C2/C2)" +
Chr(9) + "0.93" + Chr(9) + "45000.0")

scout.update_data

scout.update_plot

creates the following layer stack:

&, Layer stack created by OLE commands |:||i|[g|
File Edit Delete Check Manipulate Update database @

B B + |Thin i - &- 4 ¥ E

Ilaterial Thickness | Waration — Superposition

Waruum

Si3M4 2.000 rom
Repeat 1o ties

Az (TC) 10.0 nrn

5134 2.0000 ris Coherent

Warrm

»
Supetlattice (5102-Ti02) Gals wafer (FIR)

(Superlattice (S02-Ti02) v | [Caks veafer (FIR) -

Here is an VB example for the 'Variable thickness' layer type:
Call scout.add_layer_definition_on_top(1, "Variable thickness" + Chr(9) + "Si3N4" + Chr(9) +
"0.0006" + Chr(9) + "0.00004" + Chr(9) + "2")

The following is an example for adding an anisotropic layer to the stack:
Call scout.add_layer_definition_on_top(1, "Anisotropic layer" + Chr(9) + "material_x_y" + Chr(9) +
"material_z" + Chr(9) + "0.000003" + Chr(9) + "coherent")

add_layer_on_top (stack_index : integer;
layer_type,material:string;thickness:real number; thickness_unit : string)

A new layer is added on top of the current layer stack with index 'stack_index' in the list of layer
stacks (stacks are counted 1, 2, 3, ...).

The type of the layer is specified by the string 'layer_type'. Possible types are
¢ 'Thin film' (coherent superposition of partial waves)
¢ 'Thick layer' (incoherent superposition of partial waves)

The material assignment is given by the 'material' parameter. If the wanted material is found in the list
of materials, it is taken from there. If not, the database is searched for the requested material. In the
case of success, the material is transferred from the database to the list of materials and used for
the layer stack assignment.

© 2019 Wolfgang Theiss



SCOUT technical manual Ole automation 397

The thickness of the new layer is specified by the paramters 'thickness' (a real number) and
'thickness_unit' (a string). Possible values for the thickness unit are

e 'nm
'micron'
'mm
m'

VisualBasic examples:

Call scout.add_layer_on_top(1, "Thin film", "Si3N4", 0.45, "micron")
Call scout.add_layer_on_top(1, "Thin film", "Ag (JC)", 19.4, "nm")

17.3.6 add_to_report(text : string)
Adds the submitted string to the SCOUT report window.

17.3.7 apply_factor_in_fit_parameter_transfers

Execute this command if you want to apply the fit parameter factor if you export or import fit
parameter values. Since the default setting is that factors are not used, you have to apply this
command before you start to transfer fit parameters and you want the factor to be taken into
account.

17.3.8 automatic_spectrum_scaling(i : index)

Executes automatic scaling of the graphics of the i-th spectrum.

17.3.9 batch_add_sample (name: string)

A new sample column is added to the 'Results' worksheet of the batch control workbook. In
subsequent calls you have to specify the input spectra for this sample.

VBA example:
scout.add_sample("S413 #1")

17.3.10 batch_clear_samples

Use this command to clear the 'Results' page of the batch control workbook, with the exception of
the first column. All input spectra and results are deleted. This is used to prepare a new batch run.
Using the batch_add_sample command you can add new samples afterwards.

VBA example:
scout.batch_clear_samples
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17.3.11 batch_restore_fit_results (sample : string)

Reloads the obtained batch fit parameters and the spectra for the specified sample.

17.3.12 batch_go

Starts the batch fit based on the current batch control workbook settings. SCOUT will be busy with
the batch fit activity for a while, but still respond to OLE commands. You can inspect the value of the
property batch_status to find out if the batch fit operation is still active.

VBA example:
scout.batch_go

17.3.13 clear_fit_parameters

This command deletes all items from the list of fit parameters.

VisualBasic example:
scout.clear_fit_parameters

17.3.14 clear_layer_stack (index : integer)

Deletes all layers of a layer stack and assigns 'Vacuum' to the top and bottom halfspaces.
The position of the layer stack in the list of layer stacks is given by index (stacks are numbered 1, 2,
3, ...).

VisualBasic example:
scout.clear_layer_stack (1)

17.3.15 clear_material_list

Clears the list of materials: All items are deleted, with the exception of 'Vacuum'.

VisualBasic example:
scout.clear_material_list

17.3.16 clear_report

Clears the SCOUT report window to prepare it for subsequent entries.

17.3.17 create_fit_parameter (list, object, subobject, subsubobject, parameter :
integer) (copy)

Creates a new fit parameter in the list of fit parameters. The parameters passed to this procedure
have the following meaning:

list: the SCOUT list with the object the fit parameter of which is to be created
1 Materials
2 Layer stacks
3 Spectra list
4 Master parameter list
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object: the index of the object in the list. The objects are counted 1, 2, 3, ...

subobject: if the object has subobjects this parameter specifies the index of the wanted subobject.
This can be, for example, a susceptibility in the list of susceptibilities of a dielectric function model.

subsubobject: if the subobject has again subobjects of its own, this is the index of the wanted
subobject.

parameter: the index of the parameter to be selected as fit parameter. If you are not sure about the
index of a parameter you can drag the object to the fit parameter list and see which parameters are
created in which order. The ‘create_fit_parameter' OLE command uses exactly the same number and
sequence of parameters.

Here is a simple example making use of the create_fit_parameter command:

'Excel VisualBasic demo of a remote fitting procedure using OLE automation

This object is the SCOUT automation object
Public scout As Object

Public Sub fit()
'Create the OLE server
Set scout = CreateObject("scout_98.scoutole")
'Load a pre-configured configuration with a suitable reflectance spectrum and spectral range
scout.configuration_file = "c:\test\ole_test.sc2"

'Show SCOUT on the screen
scout.Show

'Clear the layer stack - we will build up a new one in a moment
scout.clear_layer_stack (1)

'Clear the list of materials - materials will be taken from the database
scout.clear_material_list

'Create a thick layer with 2 mm thickness and fill it with BK7 glass, a material named "Glass Type
BK7" must be in the database

Call scout.add_layer_definition_on_top(1, "Thick layer" + Chr(9) + "Glass Type BK7" + Chr(9) +
"0.2")

'Create a thin silver filme on top of the glass substrate, take the material "Ag model" from the
database

Call scout.add_layer_definition_on_top(1, "Thin film" + Chr(9) + "Ag model" + Chr(9) + "0.000001")

'Load a measured spectrum into the first spectrum object, using standard format
Call scout.load_experiment(1, "C:\test\ag_10.std", 1)

'Clear the list of fitparameters
scout.clear_fit_parameters

'From the list of layer stacks, take the first object

‘and then the second subobject. This is the silver layer.
'Select parameter 1 as fit parameter (this is the thickness)
Call scout.create_fit_parameter(2, 1, 2, 0, 1)

'From the list of materials, take the 3rd object which is the silver model
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'(initially there was vacuum, then glass has been taken from the database,

‘and finally, as 3rd object, the Ag model was loaded).

Take the first susceptibility which is the Drude model.

Take the 2nd parameter of the Drude model which is the damping constant and select
it as fit parameter.

Call scout.create_fit_parameter(1, 3, 1, 0, 2)

'Set boundaries for the damping constant which is fit parameter 2 now (after the layer thickness).
scout.fit_parameter_value_min(2) = 100
scout.fit_parameter_value_max(2) = 10000

The silver model contains several Brendel oscillators in the list of susceptibilities.

"Take the 2nd, 3rd, 4th and 5th susceptibility and select for each one parameter

'2 as fit parameter, i.e. the oscillator strength.

This is just for demonstration - it is not really reasonable to vary these parameters in the fit.
Call scout.create_fit_parameter(1, 3, 2, 0, 2)

Call scout.create_fit_parameter(1, 3, 3, 0, 2)
Call scout.create_fit_parameter(1, 3, 4, 0, 2)
Call scout.create_fit_parameter(1, 3, 5, 0, 2)

'Select - just for demonstration - parameter #1 of the first spectrum in the list of spectra.
"This is the angle of incidence of the reflectance spectrum.
Call scout.create_fit_parameter(3, 1, 0, 0, 1)

'Select - also for demonstration only - the first master parameter as fitparameter.
Call scout.create_fit_parameter(4, 1, 0, 0, 1)

'Re-compute the model and update the main view
scout.update_data
scout.update_plot

'Start the fit
scout.start
'Start a waiting loop which will finish when SCOUT stops its fit (or you as a user
'press the STOP button in SCOUT.
While scout.fitting = True
'Wait for 1 second
Application.Wait Now + TimeSerial(0, 0, 1)
Wend

'Write results to a worksheet range

fit parameter #1 is the thickness

Range("results").Offset(1, 1) = scout.fit_parameter_value(1)

'export the real part of the refractive index of the Ag model at 1000 nm wavelength
Range("results").Offset(1, 2) = scout.refractive_index(3, 10000000 / 1000)

'export the imaginary part of the refractive index of the Ag model at 1000 nm wawvelength
Range("results").Offset(1, 3) = scout.kappa(3, 10000000 / 1000)

End Sub
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17.3.18 delete_fit_parameter (index : integer)

Deletes the fit parameter with the given index. Fit parameters are counted 1, 2, 3, ...

17.3.19 df_load_from_file(n: Integer; const filename:String);

Using this command the n-th dielectric function is told to import data from a standard file specified by
the 'filename' parameter.

The n-th dielectric function should be of type 'imported dielectric function' (which is not checked at
present).

17.3.20 df_load_from_file_2(n: Integer; const filename, unit_string: String);

Using this command the n-th dielectric function is told to import data from a standard file specified by
the 'filename' parameter.

The n-th dielectric function should be of type 'imported dielectric function' (which is not checked at
present).

You can specify the spectral unit of the file data by setting the unit_string parameter to one of the

following:
String transmitted Spectral unit used
'cm™1~ or "1/cm’ > wavenumbers
nm' > nanometers
'Im|m’ or 'micron' > microns
'eV' > electron wolts
THz' > THz

17.3.21 df_load_from_x_n_k_table(n:integer; const filename : string);

Using this command the n-th dielectric function is told to import data from a testfile specified by the
‘filename' parameter. The file must contain a table with three columns. The first column has to
contain the spectral position, followed by n and k.

The n-th dielectric function should be of type 'imported dielectric function' (which is not checked at
present).

17.3.22 df_load_from_x_n_k_table_2 (n:integer; const filename : string);

Using this command the n-th dielectric function is told to import data from a testfile specified by the
'filename' parameter. The file must contain a table with three columns. The first column has to
contain the spectral position, followed by n and k.

The n-th dielectric function should be of type 'imported dielectric function' (which is not checked at
present).
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You can specify the spectral unit of the file data by setting the unit_string parameter to one of the

following:
String transmitted Spectral unit used
'cm™1~ or "1/cm’ > wavenumbers
nm’ > nanometers
‘Im|m' or 'micron’ > microns
'eV' > electron wvolts
THZ' > THz

17.3.23 do_no_apply_factor_in_fit_parameter_transfers

Execute this command if you do not want to apply the fit parameter factor if you export or import fit
parameter values. This is the default setting.

17.3.24 export_simulated_spectrum(n:integer; filename:string; format : integer)

Use this command to save the simulated data of the n'th spectrum in the spectrum list to the file
specified by filename. The format used for the datafile is given by the ‘format' parameter.

The following values for the format are implemented up to now:
format File format
1 Standard

2 xy-format

4 SpectraCalc

VisualBasic example:
scout.export_simulated_spectrum(1,"c:/temp/dummy2.spc",4)

17.3.25 df_to_clipboard (n : integer)

Tells the n-th material in the list of materials to copy its graphics to the clipboard.

17.3.26 error_messages_add (message_type,classification : integer; text: string)

Generates a new error message of the type given by 'message_type'. The error is classified
according to the 'classification' parameter. Text' specifies the content of the message.

17.3.27 error_messages_clear

Deletes all current error messages.

17.3.28 export_measured_spectrum(n:integer; filename:string; format : integer)

Use this command to save the measured data of the n'th spectrum in the spectrum list to the file
specified by filename. The format used for the datafile is given by the ‘format' parameter.

The following values for the format are implemented up to now:

format File format
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1 Standard
2 xy-format

4 SpectraCalc

VisualBasic example:

scout.export_measured_spectrum(1,"c:/temp/dummy2.spc”,4)

17.3.29 export_simulated_spectrum(n:integer; filename:string; format : integer)_2

Use this command to save the simulated data of the n'th spectrum in the spectrum list to the file
specified by filename. The format used for the datafile is given by the format' parameter.

The following values for the format are implemented up to now:

format File format
1 Standard
2 xy-format

4 SpectraCalc

VisualBasic example:

scout.export_measured_spectrum(1,"c:/temp/dummy2.spc",4)

17.3.30 grid_test

This procedure does the following: The fit parameter specified by the integer grid_test_para is varied
from the value grid_test min to the value given by grid_test max. Grid test no points are used to
cover this parameter range. For each value the fit deviation is computed. After the procedure the fit
parameter is set to the best value found on this grid of tried values. This feature can be used before
an automatic fit to find good starting values for some of the fit parameters.

17.3.31 hide
Hides the SCOUT window.

17.3.32 hide_statusbar
Hides the status bar.

17.3.33 import_measured_data_via_variants(index : string; spectral_positions,
spectral_data : variant; unit_string : string)

Use this command to pass experimental spectra to a SCOUT reflectance or transmittance spectrum.

The 'Index' parameter gives the index of the spectrum in the list of spectra (counted like 1, 2, 3, ...).
The spectral positions (wavelengths, frequencies, wavenumbers, energies) and data (reflectance or
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transmittance) are passed through variant arrays - they must be 1-dimensional and of the same
length. The parameter 'unit_string' sets the spectral unit (eV, 1/cm, THz, nanometer, wavenumber).

17.3.34 load_df(n : integer, filename : string)

Loads the n-th dielectric function from the specified file. The entries in the list of dielectric functions
are numbered starting with 1.

Warnings:
¢ Be sure that the reading object and the file format are compatible.
¢ The content of the dielectric function object will be replaced by the data in the file.

VisualBasic example:
Call scout.load_df(1, "c:/temp/df2.dfm")

17.3.35 load_material_from_database (name : string)

This command loads a material from the database into the list of materials. The material is specified
by the name parameter which must exactly match an item in the database.

VisualBasic example:
scout.load_material_from_database ("Si3N4")
17.3.36 load_experiment (n:integer, filename: string, format:integer)
Loads the file specified by filename into the n-th spectrum object, using the file format given by
‘format'.
17.3.37 prepare_shutdown

In some cases it is not sufficient just to delete SCOUT as OLE server when you have finished your
work. You might get access violation errors and corresponding message dialogs which prevent
SCOUT from proper closing. In order to awoid this you should call the method prepare_shutdown as
last OLE command before you shutdown the senrver.

17.3.38 print_fit(i : integer)

Tells SCOUT to print the graphics of spectrum i in the list of spectra. The purpose, of course, is to
get information on the fit quality.

VBA example:

scout.print_fit(2)

17.3.39 rename_material (old_name, new_name : string)

Renames the material called old_name to new_name.
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17.3.40 report_to_clipboard
Copies the content of the SCOUT report window to the clipboard.

17.3.41 report_to_file(filename:string)

Saves the content of the SCOUT report window to a text file the name of which is the string passed
to the method.

17.3.42 save_configuration(filename : string)

Sawes the complete SCOUT configuration to the specified file.
Warning: An already existing file it will be overwritten without warning.
VisualBasic example:

scout.save_configuration ("c:/temp/fit_sample1.sc2")

17.3.43 save_df(n : integer, filename : string)

Sawes the n-th dielectric function to the specified file. The entries in the list of dielectric functions are
numbered starting with 1.

Warning: An already existing file it will be overwritten without warning.

VisualBasic example:
Call scout.save_df(2, "c:/temp/df2.dfm")

17.3.44 scout_normal

Show the program window like a normal window which can be hidden by other windows.

17.3.45 scout_on_top

Show the program window on top of other windows on the screen.

17.3.46 searchfiles(dir,pattern : string)

Executes a dialog to select multiple files that can be used afterwards for SCOUT actions.
In 'dir' you can provide the intial path for the search, 'pattern’ specifies a filename search pattern.

The selected filenames can be used afterwards using the functions foundfiles' and 'found_filename'.
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17.3.47 send_message(the_text : string)

Use this command to send a message to SCOUT. SCOUT will respond to the message with an
action corresponding to the message.

Up to now this feature is not used.

17.3.48 set_bottom_halfspace_material (i : integer; name : string)

Assigns the material called name to the bottom halfspace of the i-th layer stack.
Stacks are counted 1, 2, 3, ...
A material called name must be in the list of materials. If it is not you can use the command

load_material from_database(name) in order to load the material from the database into the list of
materials.

17.3.49 set_global_range(min, max : real number, no_points : integer, spectral_unit :
string) )

Use this command to change the range of all spectral objects such as dielectric functions and
computed spectra in one step. SCOUT reacts as if you had executed the Range command in the
main window.

The new spectral range is defined by the mininum value min, the maximum value max, the number of
data points no_points and the spectral unit. The spectral unit must be specified as one of the
following strings:

String transmitted Spectral unit used by SCOUT
'cm™1~ or "1/cm’ > wavenumbers

'nm' > nanometers

'|/m|m’' or 'micron' > microns

'eV' > electron wolts

THZ' > THz

17.3.50 set_spectrum_simulation_range(n : integer; min, mix : real number;
no_points : integer; spectral_unit : string)

Use this command to change the range of one of the simulated spectra. SCOUT reacts as if you had
executed the Range command in the window of the n-th spectrum. Spectra are counted starting with
1,ie.1,2,3, ..

The new spectral range is defined by the mininum value min, the maximum value max, the number of
data points no_points and the spectral unit. The spectral unit must be specified as one of the
following strings:

String transmitted Spectral unit used by SCOUT
'‘cm™1~ or "1/cm’ > wavenumbers

'nm' > nanometers

'Im|m" or 'micron’ > microns

eV’ > electron wvolts

THZ' > THz
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17.3.51 set_spectrum_x_axis(i : integer; min, max, tick_spacing : float)
Use this command to set the range of the x-axis of the i-th spectrum (counted 1,2,3,...): min will be
the minimum, max the maximum, and tick_spacing will be used as interval between the 'ticks'.
17.3.52 set_spectrum_y_axis(i : integer; min, max, tick_spacing : float)
Use this command to set the range of the y-axis of the i-th spectrum (counted 1,2,3,...): min will be
the minimum, max the maximum, and tick_spacing will be used as interval between the 'ticks'.
17.3.53 set_top_halfspace_material (i : integer; name : string)

Assigns the material called name to the top halfspace of the i-th layer stack. Stacks are counted 1,
2,3, ..

A material called name must be in the list of materials. If it is not you can use the command
load_material_from_database(name) in order to load the material from the database into the list of
materials.

17.3.54 show
Displays the SCOUT window.

17.3.55 show_statusbar

Shows the status bar.

17.3.56 show_maximized

Shows the main window maximized on the screen.

17.3.57 show_minimized

Minimizes the main window on the screen.

17.3.58 show_normal

Shows the window in its normal position and size, i.e. not maximized and not minimized.

17.3.59 smooth_data

Smoothing of the experimental data using 3-point-averaging.

Parameters:

n_spec: number of the spectrum in the spectrum list
wn_min: wavenumber minimum of the spectral range
wn_max: wavenumber maximum of the spectral range
nt: number of smoothing iterations
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17.3.60 smooth_data_like_batch_control

Smooth the experimental data using the settings of the batch control window for each spectrum.

17.3.61 spectrum_to_clipboard (n:integer)

Tells the n-th spectrum object to copy its spectrum to the clipboard.

17.3.62 start

Starts the parameter fit using the current configuration.

17.3.63 stop
Stops any fitting activity.

17.3.64 update_data

Forces the re-computation of the SCOUT_98 configuration. This command should be used after
parameter changes to calculate updated spectra and fit deviation.

17.3.65 update_plot

Forces the re-drawing of the SCOUT_98 configuration.

17.3.66 view_to_clipboard_wmf

Sends the current view as metafile (vector graphics) to the clipboard.

17.3.67 view_to_clipboard_bmp

Sends the current view as bitmap to the clipboard.

17.4 Controlling SCOUT from Excel
17.4.1 Introduction

This example shows how SCOUT work can be done using Visual Basic for Applications (VBA) and
Excel tables. The required tables, VBA programs and menu entries are stored in the Excel file
Scout.xls .

The following ingredients are needed and described:

e A set of pre-defined tables

o A set of VBA procedures (also called 'macros’ in this document)
o Excel menu items to execute the VBA routines
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17.4.2 Table structure

The Excel files prepared for SCOUT control contain the following sheets:

Fit strategy
This table stores information on the SCOUT_98 configuration file which contains the optical modelling

for the particular problem. The SCOUT configuration covers the optical constants of all materials, the
layer structure, the spectra that are computed and fitted and the list of fit parameters. A convenient
way to enter the configuration filename is to select the cell and the activate the menu item 'Get
arbitrary filename' from the SCOUT menu in Excel.

In addition a list of fit parameter sets is specified which defines the 'fit strategy' followed during the
automatic batch processing of many input spectra (see below). The names of the fit parameter set
files can be entered the same way as the configuration file.

A simple example of a 'Fit strategy' table (only one fit parameter set is used in the batch fit process)
is given below:

G:\theiss\solutions\sog\sing_am4.s98

Method file:

Deviation threshold
1.00E-06

Time
00:00:30

Fit parameter sets:
Test

G:\theiss\solutions\sog\sing_am4.fp

Pre-fit parameters
The success and the speed of an automatic fit depends strongly on the starting values of the

parameters. In cases where there are large differences between successive spectra it may be helpful
to do a comparison to a limited set of typical parameter sets before the actual fitting work starts. The
most successful set of parameters can then be used as the starting set for the automatic fit.

On the 'Pre-fit parameter' sheet you can define an arbitrary number of parameter sets. The
corresponding batch fit macro looks up the entries in the row labeled as 'description’ starting in the
column named 'Set 1'. The parameters specified below 'Set 1' are tried first. The fit deviation is
entered in the row named 'deviation'. If there is an entry to the right of the cell 'Set 1' (as is the case
here since we have the 'Set 2' label) the next set is tested. This is continued until the first empty
description cell is found. Of course, the best fit parameter set is loaded as starting set in the
subsequent optimization procedure.

For the pre-fit a certain fit parameter set is used which must be specified in the second row of the
sheet. This fit parameter set must match the selection of fit parameters in the starting SCOUT
configuration. Usually this set contains all possible fit parameters. When the SCOUT configuration is
loaded the fit parameter names are entered into the 'pre-fit parameters' sheet.

Pre-fit parameters

Parameter set: |G:\theiss\solutions\sog\sing_am4.fp

Description Set 1 Set 2 Set 3

Deviation

Parameter no. |Parameter name
1|SiNx:UV: oscillator strength 85442.2813| 68551.2188| 58751.8203
2|SiNx:UV: damping 10.7583 10.0413 27.6009
3|SiNx:Interband: resonance frequency 21808.9199| 23282.6641 22829.4316
4|SiNx:Interband: oscillator strength 19477.9766| 17552.2695| 13149.2422
5|SiNx:Interband: distribution width 3775.1897| 3892.2424| 3996.9253
6|SiNx:Noname: real part 0.3115 1.2370 1.5319
7|Layer no. 1 SiNx: Layer thickness 0.3973 0.4324 0.6232
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This sheet is used for the batch processing of a series of input spectra. An example is given below:

Results
Pathname: |G:\theiss\solutions\am4 _file\ Format: 5
Parameter 9.0000 12.0000 15.0000
Deviation
Files Transmittance ss01142.sp ss01143.sp |sso1144.sp
Reflectance ss01156.sp ss01157.sp |sso1158.sp
1]SiNx:UV: oscillator strength 85442.2813| 68551.2188| 58751.8203
2|SiNx:UV: damping 10.7583 10.0413 27.6009
3|SiNx:Interband: resonance frequency 21808.9199| 23282.6641| 22829.4316
4|SiNx:Interband: oscillator strength 19477.9766| 17552.2695| 13149.2422
5|SiNx:Interband: distribution width 3775.1897| 3892.2424| 3996.9253
6|SiNx:Noname: real part 0.3115 1.2370 1.5319
7|Layer no. 1 SiNx: Layer thickness 0.3973 0.4324 0.6232
Refr. index at 1000 nm 2.9617 2.5921 2.3339
Refr. index at 2000 nm 2.8282 2.4980 2.2606

When the SCOUT configuration is loaded several entries are made in the 'Results' sheet which help
you to fill in the spectrum filenames. The names of the simulated spectra are put to the right of the
cell 'Files'. In addition the fit parameter names are listed below the spectrum names. During the
batch process the resulting fit parameter values for the individual samples will be filled into the table.
In the given example two spectra (transmittance and reflectance) are computed in SCOUT. Hence
you must specify the corresponding number of spectrum filenames for the batch mode. All spectra
must be in one and the same directory which is given in the cell to the right of 'Pathname’. To enter a
pathname you can select the cell and activate the menu item 'Get spectrum path'. In the following file
import dialog you have to select any file in the desired directory and leave the dialog by 'Ok". You will
observe that the filename is skipped and only the pathname is filled in the cell.

In addition you must also specify the file format to be used by SCOUT for import actions. The cell to
the right of 'Format' contains a number which specifies the format according to the following
assignments:

File format
Standard
xy-format
JCAMP
SpectraCalc
Perkin- Elmer
Zeiss

Opus

Format

~N O DN kW~

Finally you have to specify all the filenames that are to be ffitted'. In the shown example the first set
of spectra is the transmission spectrum sso1142.sp in combination with the reflectance file
ss01156.sp. Both are in the directory g:\theiss\solutions\am4 _file\ and are stored in Perkin-Elmer
format. To enter files conveniently you can use the 'Get spectrum filename' menu command and
select the wanted file in the subsequent dialog. The path is subtracted and only the pure filename is
entered in the cell that is presently selected.

SCOUT status

The SCOUT status sheet is used to check the present SCOUT configuration. Activating the menu
command 'Show status' fills in the present list of dielectric functions and the list of the computed
spectra:
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Status of the present SCOUT configuration

Dielectric functions Spectra
Vacuum Transmittance
SiNx Reflectance
Glass KKR

VBA macros
This sheet contains the VBA macros which are explained in detail below.

Of course you are invited to program your own VBA macros to customize Excel to your needs. The
SCOUT OLE automation commands and properties that you can use are explained in a separate
document.

17.4.3 SCOUT menu items in Exel

The Excel files add to Excel a menu called 'SCOUT which has the following subitems:

Creeate SCOUT
Use this command to start SCOUT as OLE automation server running invisibly in the back.
Immediately after startup SCOUT loads the configuration specified on the 'fit strategy' page.

Start fit
Starts the SCOUT fit activity as if you had pressed the Start button in SCOUT.

Stop fit
Stops the current fit activity of SCOUT as if you had pressed the Stop button in SCOUT.

Delete SCOUT
This removes SCOUT from memory. SCOUT is automatically shut down if you quit Excel.

Start batch fit

Starts the batch fit macro which processes all spectra in the input list (located on the 'Results’
page).

No pre-fit is done which is recommendable if the input spectra do not differ from each other very
much.

Start batch fit using pre-fit
This command starts the batch fit macro with pre-fit activity. This is recommended if the input

spectra may differ significantly from each other.

Show status

With this command you can create entries on the SCOUT status page giving information on the
SCOUT model. A list with the names of the used dielectric functions is given. The names of the
computed spectra are also shown. This information is useful if you want to write macros which have
to refer to certain dielectric functions (for example, to extract refractive indices or absorption
coefficients).

Enter fit parameters at cursor

© 2019 Wolfgang Theiss



SCOUT technical manual Ole automation 412

1744
17.4.4.1

17.4.5

17.5

A (vertical) list of the current values of the SCOUT fit parameters is created starting at the current
cursor position in Excel. This command can be used to manually create collections of fit results.
This command can also be useful for the creation of new pre-fit parameter sets.

Restore fit results from cursor column

After a batch fit you may want to inspect visually the fitting result for a certain sample. To do this,
simply place the cursor on the 'Results' page in the column that contains the fit parameters obtained
for that sample and activiate the 'Restore ..."' command. ...

Get arbitrary filename
This command is used to enter a filename in the active cell. It activates a standard file import dialog.

If the dialog does not appear on the screen it might be hidden by some other windows. You can use
the Alt-Tab key combination to bring it to the front. The filename selected in the dialog is entered in
the cell after the dialog is closed.

Get spectrum filename
This command is used to select a file that holds a spectrum for the batch process. It is useful only

on the 'Results' sheet. After you selected a flename Excel subtracts the path specified in the cell
'Pathname’ and returns the pure filename only. During the batch mode this filename is composed
with the path given set in the 'Pathname’ cell to result in the complete filename for data import.

Get spectrum path
This command is used to fill in a pathname in the cell 'Pathname’. Select this cell and activate the

'Get spectrum path' menu item. In the following file import dialog pick any file in the directory that
holds your batch process input spectra. After the dialog Excel subtracts the pure filename and
returns to the 'Pathname’ cell only the path. During the batch mode this path is used to find the
experimental spectra.

Excel macros

Overview

The following macros are explained in this section:

... Coming sooner or later ...

Application example

...coming sooner or later ...

Using SCOUT in LabView

You must have object generation 3.60 for the mechanism described below!

If you develop automation solutions with LabView you can access SCOUT in your LabView projects.
A typical application would be a scanning spectrometer system, used to obtain one- or two-
dimensional thickness profiles. If LabView is used to control the mechanical motion and the data
acquisition of the spectrometer hardware, it would be advantageous to control SCOUT by LabView as
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well. After a measurement, LabView could pass the recorded spectra to SCOUT, start the thickness
determination, and pick-up the results in order to generate appropriate operator displays.

Here is how you get access to SCOUT within LabView:

o Generate a control of type 'Automation refnum'
o Right-click on the control and select the command 'Select ActiveX class/Browse'
o A dialog for the selection of a type library opens

{3 Select Object From Type Library =

Type Library

Version 1.3 IZI

Objects
[] Show Creatable Objects Only

IrmowLVDataChooser (LabVIEWPlugins.mxwlLVDataChoose =«
IrmowLVDataViewer (LabVIEWPlugins.mxwLlYDataViewerl]|
IrmxowlVMultiDataChooser (LabVIEWP lugins. maow LV Multil
IrmxowLVWVIWrapper (LabVIEWPlugins.mxowlVDataViewer1)

rmxwLYDataChooser (LabVIEWPlugins.mxwlVDataChoose
rmxwLYDataViewer (LabVIEWPlugins.mxwlVDataViewer1)

rmxwLYMultiDataChooser (LabVIEWPlugins.mxwLlVMultiD _

m

ok | [ Cancel | [ Help |

o Search for the type library 'SCOUT library' in the dropdown list

o If you do not find it click on the 'Browse' button to the right and select the SCOUT program file
scout.exe (in order to see the program file you may have to set the file type to 'All files (*.*)" in
the file dialog)

o The dialog should now look like this:
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13 Select Object From Type Library ==
Type Library

SCOUT library Version 3.3a B

Objects
[] Show Creatable Objects Only

Iscoutole -~
scoutole (scout.scoutole)

ok | | cancel | | Help |

o Check the ckeckbox 'Show Creatable Objects Only' and select the only remaining line 'scoutole
(scout.scoutole)":

3 select Object From Type Library @

Type Library

SCOUT library Version 3.3a B

Objects
Show Creatable Objects Only

scoutole (scout.scoutole) “

| ok || Cancel | | Help |

o Then press OK to leave this dialog.

o In the LabView Block diagram, right-click the new object and select the command 'ActiveX
palette' to generate a new object of type 'Automation open'. Connect the 2 objects like shown
below:

© 2019 Wolfgang Theiss



SCOUT technical manual Ole automation 415

[ {3 scout 1.i Block Diagram * (= [=]==]
Eile Edit View Project Operate Tools Window Help
o> | OIEI Lp|;||lE’ J |15ptAppIication Font |« ||E;|v 7|]E"||@b"”1”ﬂ *| Search —}\ ”@|
scoutIscoutole
- @i
- o
Evaluation « | M | ) v

o From now on you can use all OLE properties and procedures of SCOUT. In order to check if you
can really access SCOUT commands generate a small test sequence: Show SCOUT on the
screen ('show' command), execute a file selection dialog (by calling the property 'a_filename")
and finally call the routine 'prepare_shutdown' to prepare the death of the SCOUT senwer.

= |[=

o

13 scoutlwviBlock Diagram ™
File Edit View Project Operate Tools Window Help

5 | OIEI|LDD|'E' + |15ptApp|ication Font |« ||Emv

*| Search 5 ”@| .

] (60~ el

scoutlscoutole

_ Rl At Iscoutole B % =t Iscoutole § B¢ Iscoutole D
_,'Dﬂ_ D@ show a_filename W prepare_shutdown

m

Evaluation < | 1 | b

Before you do any real work in LabView, please test if you can get this sequence to execute
properly.
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list of iews 239, 258
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list iew 276
literature 46
In 363
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Load layer stack 87
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localhost 222

log 363

logging 357
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m 386

main menu 38, 312

main view 3, 10, 11, 23, 357

main view level 3

main window 3, 33, 236, 306, 389
Manipulate layer stack 87

Manipulation 135
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manual thickness variation 23

master brick 228

master model 68, 69, 72

Master model objects 69

Master parameter 284, 301, 385, 398
Master parameter list 398

Master parameters 68, 69, 168, 175, 182
material 111, 323, 375, 388, 404, 406, 407
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Material objects 72

Materials 14, 266, 292, 398
maxima 196
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maximum time 357
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Maxwell Garnett 82, 83, 100
measured 353

measured data 14, 139, 213
Measured plate 299
measured spectrum 196, 384
measurements 212, 312
mechanical shutter 223
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Menu button 312

menu commands 360
Menu items 408
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message 406

metafile 284, 306
metafile format 242
metafile graphics 11
Metafile view 11, 242, 284
metal blacks 84
metal-insulator composites 84
Metallic layers 158
metals 54

method 307, 312, 378
Method button 312
microgeometry 82, 84
micron 396

microns 90

microscope slide 107
microscopic 148
microscopic quantities 2
microscopic vibrations 54
microstructures 82
microtopology 84
millisecond 357
minimum 209, 386
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MiniScan 214

Minolta 215

mixing formulas 82

mm 396

model parameter 244, 307, 308
model parameters 2
monitoring 323, 325
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motor 222

motor controller 229
mouse movements 281

move down 225, 292, 360
Mowe points 84
Mowe to 231

mowe to dark position 225, 231, 292
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mowe to glass position and wait 231

mowe to home position 225, 231, 292
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Move up 225, 292, 360

Moving 242

Multidimensional grid 175

multiple files 266

multiple reflection 90

multiple spectra files 366

Multiple spectra view 266, 300
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Name 244

navigation bar 340
network 84, 222

New 183, 360

new and import 266

next 183

next configuration button 284
next view button 284
NIR512 217

nm 396
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non-radiative energy loss 148
normalization 134, 135
number 200
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object command
object menu 3
object types 360
objects 3
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225, 284, 301

152, 196, 382

OceanOptics 217
offset 209

OJL 68

OJL model 64
OLE 378

OLE automation 3, 182
OLE automation clients 378
OLE server 378, 404
Omnidriver 217
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Open 223, 292, 360
Open shutter 223

open workbook 368
operator display 412
optical analysis 168
optical constants

optical function 139, 200, 229,

3, 43, 44, 148, 292, 375, 404, 405

301, 391

Optical function fluctuation 205

optical functions
Optical growth monitor 321
optical model 14, 33, 209, 266
optical models 3
optical monitoring
optical phonons 54
optical spectroscopy
optical thickness 136
optical transition 64
optimization 175
option 175, 360
options 139, 340, 370
Optoplex 353

optoplex ngqg 284

Opus format 367

order 266

origin 230, 231

oscillator 58

oscillator model 58
Oscillator strength 54, 66
oscillator strengths 175
oscillators 175
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oxygen content 68
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Parabolic bands 64
parameter 209
parameter change 408
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parameter fit 10, 175, 307 position function 229, 230, 231
parameter fluctuation 3 Position range 230
parameter range 281 position_mm 199, 225, 231
parameter selection 23, 175, 277 Positioning 229

parameter set 186 power spectrum 136
Parameter slider 277, 279 power supply 223, 225
parameter space 175 p-polarization 167
parameter value 279 pre-defined layer stacks 87
parameter values 74 pre-fit 186, 411

Parameter variation 3, 199, 209 Pre-fit parameters 409
parameter view 23, 244, 307 pre-fit sets 183

parameters 266 Preparation 186
Parameters for U-value computation 139 Prepare 186

Parikh 106 prepare_shutdown 404, 412
partial wave 395 presentation mode 10
partial waves 152 Presentations 308

partially reflected waves 92 previous 183

Password 312, 370 previous view button 284
Password protection 312 print 360, 404

Paste 242 printer setup 360

path 38 probehead 225

pathname 409, 411 procedures 408

payload 225 product 58

peak 148, 152, 196 production 114

Peak shift 158 production control 130

Pen 130, 139 Psi 141, 367, 387
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percolation strength 84 quality 185

periodicity 136 quantum mechanics 62
Perkin-Elmer format 366 quasistatic approximation 82
phonons 54, 58
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photoluminescence 148

pi 363 r 228

pictures 11, 242, 284 r_relative 199, 228

pixel values 199 range 146, 168, 175, 209, 266, 281, 406, 407
PL 148 Range command 14

PL intensity 152 range dialog 296, 300

PL spectra 157, 158 range of cells 33

PL spectrum 150 rates 323

plasma frequency 54, 68, 182 rating 139, 391

points 84, 207 rating level 185

polarization 43, 130, 135, 146, 150, 152, 316, 367 re-absorption 148

poles 58 re-computation 408
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reference position 225, 230
reference spectrum 134

reflectance 11, 14, 130, 135, 138, 148, 167, 215,
221, 266, 299, 321, 367, 403

reflectance spectrum 14, 23
refractive index 2, 44, 72, 130, 136, 168, 196, 384,
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report window 398, 405
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report_to_file 405

Reset 212
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re-size 264

re-sizing 242

Resolution 61, 90, 139
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resonance frequency 66, 67
Restore fit results 411

Restore graphics settings 36
Results 33, 38, 186, 409
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right mouse button 360

rmd 363

robot arms 223
Rough interface
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routine analysis
Routine work 33
row 258

RS485 229
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Sample 33, 221
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sample index 284
sample names 38
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33, 284

sample position x 284
sample positiony 284
sample positionz 284
sample view 23

Sawe 360

Save As 360

sawe configuration 405

sawve dielectric function 405
Sawe layer stack 87
SC2-->WB 191

Scan directory 186
scanning spectrometer system
scans 221

scattering 55, 95
scattering losses 95
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SCOUT applications 2
SCOUT control 409
SCOUT library 412
SCOUT model 186, 411
SCOUT objects 360
scoutole 412

screen 389, 407
screenshot 168

script 228, 232, 284, 300
Script commands 284
search routine 229

search string 367
searchfiles 405
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Sectorsy 245
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select a filename
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Select all parameters 175
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selection 258
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sensor 199, 222, 228
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server 353

senver activity 378
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sernvo motor 222, 223
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Set active material 175
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Set all to 'Frozen' 175

Set all to 'Honey mode' 175
Setdark 225

Set home 225

Setref 225

set speed 231
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show text 241
show_maximized 407
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shut down 411
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silver 14, 158
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simulated quantities 387
simulated spectra 14
simulated spectrum 196, 212, 392
simulation 2
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size 264, 407

sketches 242

slave parameter 72, 182
slave parameters 68, 69
sleep 292
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Sliders 3, 175

Smoothing 137, 139, 407
smoothing iterations 407
solar cell 146

Sort 74
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source data 266

SP -->SC2 191

spatial distribution 316
Special computation 209
special computations 199, 301
spectra 3, 130, 258, 353, 391
Spectra list 398
SpectraCalc format 366
spectral data 368

spectral density 84
spectral point 167
spectral position 196
Spectral range 14, 137, 152, 1
spectral resolution 61, 139
spectral unit 266, 406
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spectrometer control 378
spectrometer hardware 139
spectrometer list 212
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spectrometers 199, 212, 221, 223, 284, 395
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spectrum 135, 353, 367, 368, 382, 387, 394, 403,
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spectrum filename 409
spectrum fit 306

spectrum list 175

Spectrum normalization 134
spectrum simulation 3, 378
spectrum simulations 130
spectrum transfer 213
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Stop fit 411
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switch 229
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text string 241

text view 11

the speed 308
92, 395, 396

Thick layer
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396
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Tinkerforge 222, 223, 225, 228

Ti02 321

title 281

TMCL 229

TO modes 58
Tolerance threshold 183
TO-modes 54

tool bar 284

toolbar 3, 10, 23, 183, 186, 212, 312
top 11, 240, 241, 244, 258, 407
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topology 84

total deviation 130
transfer 397, 402
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transmittance 130, 135, 138, 167, 221, 266, 299,

367, 403
transparent substrate 106
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traverse 225, 229, 230, 231, 284, 292
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tree view level 3
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trigger 213, 232, 292
trigonometric 367
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tutorial 33
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type library 412
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unexperienced users 312
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unit 396

Update 301, 360
update data 284
update plot 284
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USB 229

USB connection 223
USB connector 225
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user interface 23
user-defined color 245
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user-defined formula 68, 69, 100, 135, 146, 232

user-defined function 135

user-defined parameters 68

user-interface 14, 33
Username 370
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UV spectroscopy 62
U-value 139
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valence band 64

Validation rules for measured data 139

Value 175
Variable thickness 395
variant 403

variant arrays 403
variation 175, 209
variation mode 385
VBA 408

VBA macros 409

vector graphics 242
Vertical bar 23, 33, 279
vibrational modes 57, 58
vibrations 54

view 239, 240, 241, 244, 258, 277, 279, 306, 308,
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view button 23

view definition 244, 258
view design 239

view element 11, 236, 357
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re-sizing 236

View elements 23, 236, 300

View example 306
view objects 276
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visible 53

Visual Basic 378

Visual Basic for Applications
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Visual parameter variation
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Zeiss 353
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z-range 316
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wake up 292

wave 316

wawe propagation 87, 90, 106
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wavenumber 379, 388, 392
WAVSE32 367

web page 281

Weight 84, 130, 138, 139
Width 11, 57, 240, 241, 244, 258, 389
window 407
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Woollam 141

Word 191

workbook 33, 74, 200, 262, 284, 292, 296, 307,
312, 327, 368

Workbook button 312

workbook data 258

Workbook display (columns) 258
Workbook display (rows) 262
worksheet 258, 301

worksheets 327

WOSP 223, 225, 228

WOSP color sensor 199, 292
write cell number 301

write cell text 301

-X -

X 196, 382

x-axis 407

X-ray reflectivity 168
XRR 168

XRR analysis 168
x-y-data 365

xy-format 365
'xy-format (spreadsheet 74

-Y -

Y 196, 382
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