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1. Introduction

The acronym SENRef represents the words Spin Echo Neutron Reflection. Hence, the program
was designed to interpret these kinds of measurements. Such measurements can be performed
either in Time-of-Flight (TOF) mode or in monochromatic mode. In TOF mode the incident
angle is fixed and in general a position sensitive detector (PSD) is used as a neutron counting
device. The wavelength (1) of the neutrons is determined by the time it takes for the neutron
after passing the chopper to reach the detector. In this time slot the neutrons will have
interacted with the sample surface, either by refraction, specular reflection or off-specular
reflection. In monochromatic mode the wavelength of the neutrons is fixed to some small
interval and the incident angle is varied. The angle after interaction with the sample can be
determined, either by a PSD or by a slit in front of a single detector. The definition of the
sample geometry is given in figure 1.

Sample

Figure 1: Definition of angles in spin echo neutron reflection geometry. oy is the angle

between the path of the incident neutron (represented by vectork , indicated by the green
arrow, or the red arrow where the start of the vector has been shifted to the sample surface)
and the sample surface. Py is the angle the path of the incident neutron makes with the xy-
plane. oy, the angle between the path of the off-specular scattered neutron (vector p ) and the
sample surface and f), is the angle between the path of the off-specular scattered neutron and
the xy-plane. 0 is the angle between the path of the off-specular scattered neutron and the
path of the not-scattered neutron.

In general the wave vectors are given by:

cos(ak)cos(,b’k) cos(ap)cos(ﬂp)
l€=27ﬂ —sin(a,) 132% —sin(ap)
cos (e, )sin(B,) cos(ap)sin(ﬂp)

24-4-2009 page 3



SENRef User’s Guide

Throughout the program the small angle approximation for the determination of the wave
vectors is used, hence

(1) ~2(8) | e =)
= -a, fa:—ﬂ -a
A A g
B B,

The neutron beam of a reflectometer is always collimated in two directions. The first
direction, parallel to the sample surface is in general very wide, and the second direction
perpendicular to the surface is in general small, some mm to 1/10 of mm. The latter slit width
is important for the resulting profile resolution and determines also the coherence length of
the neutron beam along the sample surface. The former slit width is kept wide to keep the
beam intensity as high as possible as the reflected intensity will be orders of magnitude
smaller than the incident intensity (as much as 6 to 8 orders have been achieved).

The Spin Echo technique can be used to code a component of the direction of an individual
neutron in the beam and find out the component of the scattering angle in the same direction’.
If this direction is used along the wide slit direction, then also the scattering angle parallel to
the sample can be determined, yielding information on the sample surface in all directions.
The information obtained in the direction parallel to the surface are the sample surface
correlation functions and perpendicular to the surface the sample profile”.

"' J. Plomp, “Spin-echo development for a time-of-flight neutron reflectometer”, Thesis Delft University of
Technology, 2009

?V.0. de Haan, “Coherence approach to neutron propagation in spin echo instruments
Research and Investigations B.V., 2007.

2 st
, 1

ed, BonPhysics
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2. Start program

The program is written in Microsoft Visual Studio 2005 (Visual Basic) and will need the
.NET Framework. This will all ready be installed on your computer, installed at set-up, or you
should provide it yourself.

When the program is started a splash screen will pop up showing a disclaimer you have to
accept before the program continues:

SENRef

Region | Region 11 Detector

Dizclaimer
Altough great care was wuzed o ensure the comrect algorithms are uzed, it is possible calculated data contains

deviationz from expected outcome. By pressing the Accept button the user acknowledges thiz and agrees that
hedzhe takes full rezponsibility far interpreting the results.

Copyright © TUDelt 2008 Version 1.1

Push the Accept button if you agree that the use of the program is at your own risk and no
rights or claims can be derived from using the program. If this button is pressed the program
continues, searching in the resources sub directory of the directory where the program is
stored, for a XML-formatted file that contains the default settings. If the program can not
locate the file in this directory, the user is prompted by a file input dialog box typical for the
operating system to indicate where the file can be found. The user can select a session data
file or press the CANCEL button. If this button is pressed the program issues a warning,
indicating that no session data file was loaded:

SENRef Warning

Default Session Data file Mok Loaded. ..
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After pressing the OK button the program continuous with the default values of the program.
The above SENRef Warning dialog box will appear whenever the user does something
unexpected.

For all parameters tooltips are given, explaining shortly the use of the control that is pointed
at with the mouse.

The program has a button driven interface which consists of 1 tab control with 7 major tab
windows: Instrument, Sample, OxQyPlot, OxCuts and QyCuts, Fitting and Thanks and three
buttons Load Session, Save Session and Make Session Default.

Load Session button

This button enables the session data input. If pressed a file selection dialog will pop up
requesting a filename. The used extension is XML as the session data file is XML
formatted. If a valid filename is chosen the session data file will be loaded, enabling
the continuation of a previous session.

Save Session button

This button enables the session data output. If pressed a file selection dialog will pop
up requesting a filename. The used extension is XML as the session data file is XML
formatted. If a valid filename is chosen the session data file will be saved, enabling the
continuation in a future session.

Make Session Default button

This button enables the creation of a default session data file. If pressed the session
data is saved in the default session data file that will be automatically loaded at the
next start of the program.

Clicking the names of the tab windows will select that window. The Instrument Window is
used to define the instrument parameters and load the measured data. The Sample Window is
used to define the sample parameters, load sample profiles and perform calculations. The
QxQyPlot, QxCuts and QyCuts windows are used for diagnostic purposes and defining the
cuts. These windows work for either or both the loaded data, including the calculation of the
error bars (for QxCuts and QyCuts), and the calculated data. The Fitting window can be used
to fit the selected sample model to the data. The Thanks windows contains clickable images
yielding information about the program and theory behind the calculations used.
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3. Instrument Window

L. SENRef

CIEX

(et Sample| QkaF‘Iot| QHCuts| QyCuts | Fitting | Thanks| [ Load Seszion ] [ Save Session ] [ Make Session Default ] SEMRefS essionD ata.xml
Instrument i
® TimeOFFlight Intensity
() Monochromatic Meutron Reflected Angle / mrad
() %Ray E
. T
[] Spin Echo I IIIIIIIIIII
Empty beam polarization: ‘ |:1|||\h ‘ll Hll |I||h | h l
{1111 (RN
) I ‘ 11N l
Spin Echa Constant | II 'IIIII |II |
[micrometer/nm”2] [ ||| 11l
(|
Incident angle / mrad  |3,53 |‘ﬂ\ | \!Jlillll
Resolution / mrad 0,075 !hl le”” 1 ||
Coherence length / um Il
al0154 nm; 35 miad | 1257398 It
Reflected Angle Fange rll ||||
Minimum / mrad 0 |‘
aximum / mrad 20
Murnber 50 E
‘wavelength Range
binimum £ nm 01
aximum / nm 1 l
Mumber S0 E
Data | | |
ae oz [1¥-3 2o 04 ie
ConvertedD atal7. osv Warel /
avE. ength nmn
Orders in color scale |5 B
Scales fram Data 10 Lag
(o= ]

To the left the Instrument Window has 4 panels: Instrument, Reflected Angle Range,
Wavelength Range (or Incident Angle Range) and Data panel. To the right there is space for
viewing the data after loading. Depending on the status of the instrument panel and the data
loaded, graphs are given of the relevant neutron or X-ray intensity plots. At the bottom there
are two buttons: Load and Save.

Instrument panel

Time-Of-Flight mode: Monochromatic mode:

| nztrument
3 Time-OF-Flight
) Monochromatic: Heutron
(®) ¥-Fay

| Figtrurmet
(%) Time-0f-Flight
() Monochromatic Meutran
() ¥-Ray
[ ] Spin Echo

Ermphy beam polarization:

Spin Echo Conztant

Emphy beam polarization:

Footprint Angle

[micrameterdnm™2] [rrad] 3.86
Incident &ngle # mrad | 3.5 W avelength / nm 0,154
Rezolution / mrad n.ora Resolution / rmrad 0.0va
Coherence length # um 83 77971 Coherence length & um 83 77971

at 0,154 nim; 3.5 rorad

at 0,154 nm; 3.5 mrad
The instrument panel consists of three selection boxes for the measurement type and a check
box for the Spin Echo mode, four input boxes Spin Echo Constant (or Footprint angle),
Incident Angle (or Wavelength), Resolution and Coherence length and a Load and Show
button.
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Selection boxes measurement type

Select either Time-of-Flight (only for neutron scattering), Monochromatic Neutron or
Monochromatic X-Ray. In Time-of-Flight mode the second input box on the
instrument panel changes to the input box for the Incident Angle. In monochromatic
mode it changes to the one for the Wavelength. The first input box changes from Spin
Echo Constant in Time-Of-Flight mode into Footprint Angle in monochromatic mode.
In Time-of-Flight mode the 31 panel from the top changes to the Wavelength Range
panel. In monochromatic mode it changes to the Incident Angle Range panel.

Check box Spin Echo

In Time-of-Flight mode, it is possible to indicate weather the measurements are made
with Spin Echo or without. Without Spin Echo only the non-polarized scattered
intensity can be calculated or loaded / saved. With Spin Echo the plus and minus
scattered intensity can be calculated or loaded / saved. As an extra in the Spin Echo
mode, the polarisation and the shim intensity can be shown. Further the input box Spin
Echo Constant and the Load button will be enabled.

Input box Spin Echo Constant

In Time-Of-Flight mode the spin echo constant is used. The input must be changed to
the desired value and depends on the setting of the apparatus. The value represents the
spin echo length in micrometers divided by the square of the wavelength of the
neutrons in nanometres.

Input box Footprint Angle

In Monochromatic mode the spin echo constant is not used, but the footprint angle is
important. The value represents the incident angle at which the incident beam just
covers the sample length in the direction of the beam. For larger incident angles the
beam footprint is reduced with the ratio sin(Footprint angle) / sin(Incident angle) and
the intensity with the square of this ratio. The input must be changed to the desired
value and depends on the setting of the apparatus.

Input boxes Incident Angle (or Wavelength), Resolution and Coherence length

These inputs must be changed to the desired values. The Incident Angle is the angle
between incident beam and sample surface. The resolution is the standard deviation of
the Gaussian distributed Incident Angle spread of the beam. The coherence length is
the width of a homogeneous, Gaussian distributed, mutual coherence function. As the
three variables are coupled (see chapter 6.1.1 of reference in footnote 2) changing one
will result in a corresponding change of the others. For SENRef the relation between
these parameters is:

A 1000

2r aAa,

c
where 7, is the Coherence Length in micrometer units, A the wavelength in

nanometer, ¢, the Incident Angle in milliradians and A¢, is the Resolution also
in milliradians.
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Load button

This button enables the empty beam polarization input. If pressed a file selection
dialog will pop up requesting a filename. Extensions are OUT (for a space delimited
file), OSV (for a TAB delimited file) or CSV (for a comma delimited file). The format
of the input file is defined in appendix B. If a valid filename is chosen, another
window will pop up enabling the correct data input. This window is called Import
Data File Window (See also the Load Button on the Grating Data panel on the Sample
Window).

Show button

The Show button enables investigation of the loaded empty beam polarization. If this
button is pressed a window will pop up showing the data. This window is called Show
Data Window (See also the Load Profile Button on the Sample Window).

Reflected Angle Range panel

Feflected Angle Fange

kdirirnm # rorad 1]
b awirmurm & mrad 20
Hurmber 50 -

This panel consists of three input boxes: Minimum, Maximum and Number. They define the
linear range and step over which the reflected angle is varied. This range will be used for the
calculations if the Scales from Data selection box is not checked.

Incident Angle Range panel (Available when in Monochromatic Mode)

|nzident Angle Range

kinimum / mrad I}
b airnum & mrad 20
Murnber 50 -

This panel consists of three input boxes: Minimum, Maximum and Number. They define the
linear range and step over which the incident angle is varied. This range will be used for the
calculations if the Scales from Data selection box is not checked.

Wavelength Range panel (Available when in Time-Of-Flight Mode)

W avelength Range

kinimum £ nm 01
b a=irurn & nim 1
Murmnber 50 o

This panel consists of three input boxes: Minimum, Maximum and Number. They define the
linear range and step over which the wavelength is varied. This range will be used for the
calculations if the Scales from Data selection box is not checked.
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Data panel

[rata
CorvertedD atal? oz

F.S
w

Scales from D ata 10 Log

Crders in color scale 3]

This panel consists of one input box, one output box and two selection boxes. The input box
is a number to change the logarithmic colour scale of the graphs. The output box is only
visible when a data file has been loaded and shows the name of the data file. The selection
boxes are the Scales from Data selection box and the /0 Log selection box:

Scales from Data selection box

If selected (checked) the calculation scales are the same as the data scales. If not
selected the calculation scales are as defined on the Instrument Window.

10 Log selection box

If selected (checked) the colour plot scale is logarithmic with base 10. If not selected
the scale is linear.

Save button

This button enables the data output. If pressed a file selection dialog will pop up requesting a
filename. Extensions are OUT (for a space delimited file), OSV (for a TAB delimited file) or
CSV (for a comma delimited file). If a valid filename is chosen the data will be saved under
that name. The format of the file is the same as of the input file (see Appendix A), but errors
will not be included.

Load button

This button enables the data input. If pressed a file selection dialog will pop up requesting a
filename. Extensions are OUT (for a space delimited file), OSV (for a TAB delimited file) or
CSV (for a comma delimited file). If a valid filename is chosen another window will pop up
enabling the correct data input. This window is called Import Measurement Window.
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4. Import Measurement Window

Import Measurement g]
Define Type
Soattered Anale S mrad

(® Meutons Time-offlight (%) Non-Polarized ED g

() Neutrong Monochromatic () Polarized ]

() ®erays ) Up Spin 204

&ngle / rad () Dawn Spin

35000 % Including Eror Fram File Io+
Mame of Measurement D ataset [ ]

o -

Imported D ata T T T T
ag az N ad i
ﬂ'\ﬁf:awﬁ?ﬁn ath Frim

w'avelength Fange and Resolution Feflected Angle Range and Resolution Data

Input @ nmo A Input O Deg @ - Min walue / =.d. ]

Minimum / nm Fesolution type Finimum # mrad Resolution type (Anglle Wit e d

M awirnurn / b awirnurn / rrrad D:4Miin ; ;
documentensBonPhysicehProjecten

Mumber () Gaussian Mumber () Gaussian STUDSA3 M easurementshISIS_Nao

Resolution width Rezolution width V2007 ConvertedDatal?. oy

Relative / 2 Relative £ %

Absalute / nm 0,0000 = Abzolute A mrad | 0.0000 & [ oK. ] [ el ]

To the upper left the window has two panels: Define Type and Name of Measurement Dataset.
To the upper right there is space for two graphs, showing the selected input data. At the
bottom there are three panels: Wavelength Range and Resolution (or Incident Angle Range
and Resolution), Scattered Angle Range and Resolution and Data. Finally at the right bottom
of the window there are two buttons OK and Cancel.

Define Type panel
Define Type Define Type
(®) Meutrons Time-of-fight (&) Naon-Palarized (O Meutrons Time-of-fight
) Weutronz: Monochromatic () Polarized () Meutronz Monochromatic
) Herays 3 Up Spin (&) ¥erapz
Angle £ mrad () Down Spin Heray wavelength 4 nm
36000 = Including Error From File 01540 = Including Error From File

or

This panel is used to select the type of data that is loaded with the selected file. The data file
is very simple, not containing this information. Initially the values are copied from the
Instrument Window. To the left side the panel consists of selection type buttons comparable
with the ones used in the Instrument panel and an input box for the incident angle or
wavelength depending on the selected measurement type. To the right side one can select
which data is included in the selected file. The format of the input file is defined in
appendix A.

If the selection box Polarized i1s checked, the selection box Swap is enabled. The box
interchanges the plus and min intensity, inverting the resulting polarization.
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If the selection box Include Error is checked the selection box From File will be enabled. If
both selection boxes are checked the program expects the data to contain the errors, according
to the format of appendix A. If the selection box From File is not checked, but Including
Error is, the program assumes that the data in the file are raw neutron counts and the error is
calculated as the square root of the counts. If selection box Including Error is not checked, all
errors are set to 0.

Name of Measurement Dataset panel

Marne af Meazurement Datazet

|mported Data

This panel contains an input box for the name of the loaded dataset. It can be used for future
reference.

Wavelength or Incident Angle Range and Resolution panel

wavelength Bange and B esolution Incident Angle Range and R ezolution
Input (3 nm () A Input (&) Deg () mrad
kinirnurn / nm Rezolution type Minirurn / rirad Rezolution type
b airnurm £ nim M awirnurn / rrad File
Nurribeer (%) Gaussian Nurnber (%) Gaussian
Fezolution width R ezolution width Black
Relative / % Relative £ %

Abzalute ¢ nm 10,0000 Abzalute # mrad 0.0000a -

4

or

This panel contains 2 selection criteria: Input (nm or A) and Resolution type (File, Gaussian
and Block), three output and two input boxes. Minimum, Maximum and Number define the
range and number of data points in the data file. Relative and Absolute define the resolution
distribution (not used for now).

Scattered Angle Range and Resolution panel

Reflected Angle Range and Resolution

Input (O Deg &) mrad

irimumn / mrad Rezolution type

kA awirnurn & rarad

Mumber (%) Gaussian
R esalution width
Felative / %

Abzalute / mrad (0.0000

4k

This panel contains 2 selection criteria: Input (Degrees or milliradians) and Resolution type
(File, Gaussian and Block), three output and two input boxes. Minimum, Maximum and
Number define the range and number of data points in the data file. Relative and Absolute
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define the resolution distribution (not used for now). The button Swap at the upper top side is
used to swap the data in the file so that the axes are interchanged.

Data panel

[rata
kit walue & £.d. 1]

Angle Offzet / mrad il
D:AMijn
documententBonPhyzics\Projecten

STUDAE M easurementziS1S_No
w2007 4 ConvertedD ataB7 ozy

This panel consists of two input boxes and an output box. The output box shows (part of) the
data file name. The input box Min value is enabled if the Including Error box was selected in
the Define Type panel. If the relative error of the data point is larger than the value in this
box, the error is set to 0. The input box Angle Offset is used to shift the incident angle scale
over the value given in the box.

OK button

This button copies the data to the main program and returns the control to the
Instrument Window.

Cancel button

This button ignores the data and returns the control to the Instrument Window.
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5. Sample Window

L SENRef (=3
Instument ”m QnyPIUl| QxCuls| QyCuls| Fitting | Tharks | [ Load Session ] [ Save Session ] [ take Session Default ] SENRefSessionD ata.uml
Sample Surface Tupe
Mong Al | Load
zium 3 Calculation Data

Reflected Angle / mrad Reflected Angle / mrad

Specular Data
() Theany (®) Average Gamma
Gamma substrate £ nm-2

0.0026

Grating Data
[] 54 Rough [] Gauss Dist Gauss Envel
Carrelation length / nm 30000
Garnma Layer £ nm-2
Height # nm 977
Period / rm 300
DutyCycle Baze / % 23.7
Slope / %
In Flane Angle / deg 833

Divergence In Plane Angle / deg 0.z
Muriber of paints per In Plane Angle |5

4

Calculation Data

|
a0 ! o4 Gd o8 L

|
[

Murnber per coherence length 1 & oo as 3
) ) Wavelength / nm Wavelength / nm
MNumber of points per &ngle Div 10 E
Caleulate ( y Orders incolor scale |5 % 10 Log Scale

To the left side this window has four panels: Sample Surface Type, Specular Data, Grating
Data or Isotropic Data (or nothing) and Calculation Data. To the right side it has a selection
box Type, two output graphs, two buttons Calculate and Save, an input box Orders in colour
scale and a selection box /0 Log Scale. The panel Grating Data appears if a 1D or 2D profile
is selected. The panel Isotropic Data appears if an Isotropic profile is selected.

Sample Surface Type panel

Sample Surface Type

MHone FY Load

10 Block
10 Trapezium A

This panel defines the type of profile or correlation function describing the sample. From this
function the scattering is calculated according to the approximation selected in the Calculation
Data panel. The panel has one selection box and two buttons and an output box.
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Selection box

Several predefined sample surface types can be selected. An 1D or 2D surface type is
described by a height profile. An isotropic sample surface type is defined by a
Gaussian correlation function. The formula used depends on the selected
approximation and is given in Appendix C. The profile or correlation can be
predetermined or user defined.

24-4-2009

Capillary Waves selection

The Gaussian roughness correlation function is given by:

= 2| 1= Jmin 1| T
Ciry=o [1 2 1n(rmin +1JJ

where O is the roughness and & the correlation length. See also the reference
in footnote 3. The value for 7, is a cut-off value » . =a&/ N, where

N = value of input box Number of points per correlation length
a = value of input box Integration range in correlation length
Gravitational Waves selection

The Gaussian roughness correlation function is given by:
C(r)=o’K,(r/&+a)

where O is the roughness, & the correlation length and K the modified Bessel
function of zero-the order. See also the reference in footnote 3. The value for
— 0is cut-off for K, (r) =1 ( ~ 0.45689248915903589527).

Self-affine fractional selection

The Gaussian roughness correlation function is given by:
— 2 _(rrey”
C(ry=o e’

where O is the roughness, f the correlation length and h the so-called
jaggedness parameter. See also the reference in footnote 3.
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Self-affine fract (anal) selection

Similar to Self-affine fractional, but calculated analytically following the
method described by R. Pynn, Phys. Rev. B, Vol.45, No 2, January 1992 p602-
612. See also appendix D.

Output box

The output box, just below the Load button, shows the filename of the loaded profile
(if present, other wise the output box is empty).

If a user defined height profile or correlation is selected, the button Load is enabled.
Load button

This button enables the profile input. Note that for a 1D or 2D user defined profile
the height distribution is loaded and for an isotropic defined profile the
correlation function. If pressed a file selection dialog will pop up requesting a
filename. Extensions are OUT (for a space delimited file), OSV (for a TAB delimited
file) or CSV (for a comma delimited file). The format of the input file is defined in
appendix B. If a valid filename is chosen another window will pop up enabling the
correct data input. This window is called Import Data File Window.

Import Data File Window

Import Data File E|

T -
A /
g !

J D /
[ /

o 200 Fag 1] Jo0 ipeile
Along Beam Direction / mum

o

Mame of Dataset

Imported Profile

C:A\Documents and 5 ettingsWictor de Haan'\B ureaubladha.out [ Ok ] [ Caneel
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At the upper part of the window the data is shown as loaded. To the lower left the
window has one panel: Name of Dataset. This panel contains an input box for the
name of the dataset. It can be used for future reference. Below this panel an output box
shows the filename of the imported data. To the lower right it contains three buttons:

Swap button
This is used to swap the data in the file so that the axes are interchanged.

OK button

This button copies the data to the main program and returns the control to the
Instrument Window.

Cancel button
This button ignores the data and returns the control to the Instrument Window.
Show button

This button presents the used profile. If this button is pressed a window will pop up
showing the profile as it is defined. This window is called Show Data.

Show Data §|

Height / nm
Tog

N [
o /
oA /
J4 /
A f

a 200 Jo0 G a0n Joa0
Along Grating / nm

Type of Data

[Save H Ok, ]

At the upper part of the window the defined profile is shown. To the lower left the
window has one panel: Type of Data. This panel contains an output box indicating the
type of data. To the lower right it contains two buttons:
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Save button

This is used to save the data into a file. Extensions are OUT (for a space
delimited file), OSV (for a TAB delimited file) or CSV (for a comma delimited
file). If a valid filename is chosen the data will be saved under that name. The
format of the file is the same as of the input file (see Appendix B).

OK button
This button returns the control to the Instrument Window.

Specular Data panel

Specular D ata Specular D ata
O Theory (®) Awerage Gamma ) Theory (%) Average Gamma
Gamma substrate £ nm-2 Gamma substrate £ nm-2 at wavelength / nim
0.0026 0,0253 0.154
or

This panel defines the sample surface and the way the specular part of the reflectivity is
calculated. It consists of two selection boxes, Theory and Average Gamma, and one (or two in
X-Ray mode) input box (es) Gamma substrate (and at wavelength)

Theory selection box

If selected the specular part is calculated from the theory provided by the selected
approximation. The formula used is given in Appendix C.

Average Gamma selection box

If selected the specular part is calculated from the scattering length density profile
determined by the surface average of the height profile function.

Gamma substrate input box

This value represents the scattering length density of the sample substrate material
times 4 in nanometer™ units.

at wavelength input box

In X-Ray mode this value represents the wavelength corresponding to the value given
for the scattering length density of the sample material in the Gamma input box.
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Grating Data panel
[arating [ ata

[] 54 Rough [ ] Gauss Dist. Gauzs Envel
Comelation length / rim 30000
Famma Laver / nm-2
Height / rim a7
Period £ rim 300
DutyCycle Base / 3 237
Slope / &
In Plane Angle / deg 833

Divergence |n Plane Angle # deg (0.2

Mumnber af pointz per In Plane &ngle |5
This panel defines the height profile function describing the sample. Either by means of a

predefined or a user defined height profile function.

The panel has three check boxes, SA Rough, Gaussian Dist. and Gauss Envel, and 9 input
boxes.

SA Rough Check box

If checked the scattering is convoluted with the scattering determined by a Self-Affine
roughness as defined by the Isotropic Data panel. The values taken for the Self-Affine
roughness distribution are taken from that data.

Gauss Envelop check box

If checked the sample correlation function is multiplied by a Gaussian envelop
function with a correlation length given by the input box Correlation length. This
mimics a not perfect periodicity or represents an artificial resolution contribution. The
formula used is
2
.
)

where 7 is the correlation distance and 7, the correlation length.

e

0 |—

3

Gauss Dist. check box

If checked the sample is described by a height profile function. The correlation
function is calculated assuming the grating is not perfect periodic, but has a Gaussian
correlated distribution. The formula used depends on the selected approximation and
is given in Appendix C. The height profile function can be predetermined or user
defined. This is determined by the Grating data panel.
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Correlation length input box

This value determines correlation length of the sample correlation function in
nanometers. It is only enabled when the Gauss Envelop selection box is selected.

Gamma Layer input box

This value represents the scattering length density of the sample layer material times
47 in nanometer™ units.

Height Input box

This value determines the sample height in nanometers. If a height profile function is
loaded it represents the total height of the loaded profile.

Period Input box

This value determines the sample repetition period in nanometers. If a height profile
function is loaded it represents the repetition period of the loaded profile.

DutyCycle Base Input box

This value determines the sample base width of either block or trapezium in % of the
period value.

Slope Input box

This value determines the slope in % of the trapezium. 100 % is an angle of 45
degrees. The minimum angle depends on the height of the sample, the period and the
dutycycle of the base.

In Plane Angle Input box

This value determines the orientation angle of the sample profile with respect to the
beam. For 0° the grating profile is parallel to the beam direction and for 90° it is
perpendicular.

Divergence In Plane Angle input box

This value determines the spread in the In Plane Angle parameter. The distribution
function is a block with a constant width and amplitude given by this value.

Number of points per In Plane Angle input box

This number determines the number of interval steps used to calculate the influence of
the divergence of the In Plane Angle parameter.

24-4-2009 page 20



SENRef User’s Guide

Isotropic Data panel

|zotropic Data
Corelation Length # nim 1
Roughhess # nm 1
Jagogednesz
Hurnber af paintz per —
corelation length a0 -
|ntegation range in = =
w

cormelation length

This panel defines the isotropic correlation functions describing the sample. Either by means
of a predefined or by a user defined correlation function. It consists of 5 input boxes
describing the correlation function, sample Roughness, Correlation Length and Jaggedness.

Correlation Length input box

This parameter defines the correlation length of the sample surface.

Roughness Input box

This parameter defines the Gaussian roughness of the sample surface.

Jaggedness input box (Only enabled for a Self-affine fractional correlation function)

This parameter defines the type of Gaussian roughness correlation function. A small
value produces an extreme jagged surface and a value of 1 gives smooth hills and
valleys. It is related to a fractal surface with fractal dimension 3 — Jaggedness. See
also the reference in footnote 3.

Number of points per correlation length input box

Determines the number of points used to calculate the correlation function. The larger
the number, the more accurate and slower the calculations.

Integration range in correlation length input box

Determines the maximum range over which the correlation function extends in units
of correlation lengths. The larger the range, the more accurate the results for small
momentem tranfer, and the less accurate the results for large moment transfer. These
can also be more accurate when the number of points per correlation length is
increased. The larger the number, the more accurate and slower the calculations.
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Calculation Data panel

Calculation Data
Mumber per coherence length 1

Humber of pointz per Angle Dy 10

43[4

Phaze Object

This panel defines the theory used to perform the scattering calculations and some parameters
needed to perform the calculations. The panel contains 2 input boxes and 3 selection boxes:

Number per Coherence length input box (for 1D profile)

This number determines the number of orders used to calculate the scattering for a
periodic structure. (It corresponds to the range of n in the summations of Appendix C).
In general, if the separate Ox-cuts can be distinguished in the scattering, then this
parameter can be 1. If they start to overlap, this number must be increased. If they
coincide (due to scattering in the z-direction only), to get an accurate result the number
must be taken large enough. A rule of thumb for an X-profile:

Number of points Coherence length =
=1+ Period | Coherence length | Cos (In Plane Angle),

the Cos function changes into a Sin function for an Z-profile. It is wavelength
dependent, as the coherence length is wavelength dependent. The calculations are
slower if the number is larger.

Number per Coherence length input box (for 2D profile)

This number determines the number of intervals used to calculate the Fourier
transform of the 2D correlation function determined from the user defined height
profile function. The Fourier transform extends to 5 times the coherence length.

Number of points per Angle Div input box

This number determines the number of intervals used to calculate the influence of the
width of the interval of the scattered angle channels.

Selection box

This selection enables the selection of the theory used for the calculations. Options are
First Born approximation, Phase Object approximation, Distorted Wave Born
approximation (see Appendix C for detail) or Extended Phase Object approximation
(see Thanks Window, click on picture below text). The Extended Phase Object
approximation is not implemented for the Gaussian distribution of the profile’s. For
this approximation one can either choose the height to be constant, or the scattering
length density of the layer to be constant by selecting the appropriate radio button after
the Height input box or Gamma Layer input box. For this approximation it is also
possible to have a different scattering length density for the substrate and the layer.
Note that the colour of the DWBA selection box turns red if the calculations render an
unrealistic result, due to the imaginary part of the wave vector transfer becoming too
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large negative. Then the criteria for the DWBA are not fulfilled. Roughly the criteria
are: small disturbances (less then a few nanometer in height) only close to the critical
edge, or far away from the critical edge.

Type selection box

With this box the type of data shown in selected. Chose Shim, Plus intensity, Min intensity or
Polarization.

Calculate button

This button starts the calculations. It can take a while before it finishes. The bar directly to the
right indicates progress made. During calculations the Save button changes into a Stop button
that can be used for obvious reasons. After stopping in this way, the data the calculated is not
reliable!

Save button

This button enables the data output. If pressed a file selection dialog will pop up requesting a
filename. Extensions are OUT (for a space delimited file), OSV (for a TAB delimited file) or
CSV (for a comma delimited file). If a valid filename is chosen the data will be saved under
that name.

Orders in colour scale input box
The input box is a number to change the logarithmic colour scale of the graphs.
10 Log Scale selection box

If selected the output of the shown graph has a logarithmic scale.
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6. QxQyPlot Window

.~ SENRef @@@
Instrument | 5ample| QryFlat QxCuts| QyCuts| Fitting | Tharks | [ Load Session 1 [ Save Session ] [ Make Session Default ] ( )
0= Range
e 25 Calculation Data
Maximurn / L1 05
= O { orm-1
Mumber 300 i 0 5= H ﬂ
v R
i 0 [ | |
M awimum / nrm-1 na3
MNurnber 180 % . .
Orders in colar scale 7 % 10 Log Scale 24
07—
[ | |
e m H
-3

The purpose of this window is for diagnostic purposes only. The data calculated matches the
last calculation action performed on the Sample Window. The QxQy plot is calculated in such
a way that the integral over O, (O, of the scattering function gives the same value as the
integral over 4, a,. To the left side this window has two panels: The Ox Range panel and the
Oy Range panel. To the right side it has a selection box /0 Log Scale and an input box Orders
in colour scale and two output graphs showing the plots for the calculations and the data. At
the bottom of the window three buttons appear: the Calculate button and two Save buttons.

Qx Range panel
1% Range
Minirnurn # urn-1 258
bl axirum # um-1 05
Murnber 300 3

This panel consists of three input boxes: Minimum, Maximum and Number and a button
Default. They define the linear range and step over which Qx is varied. Note that the unit of
Qx is micrometer’'. Pushing the default button changes the values to the range available in the
calculations.

Qy Range panel
[y Range
kdirirnm # nim-1 1]
b asirmurm 4 nim-1 03
Murnber 150 =
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This panel consists of three input boxes: Minimum, Maximum and Number and a button
Default. They define the linear range and step over which Qy is varied. Note that the unit of
Qy is nanometer™ . Pushing the default button changes the values to the range available in the
calculations.

Calculate button
This button starts the calculations. It can take a while before it finishes.
Save buttons

These button enable the data output. If pressed a file selection dialog will pop up
requesting a filename. Extensions are OUT (for a space delimited file), OSV (for a
TAB delimited file) or CSV (for a comma delimited file). If a valid filename is chosen
the data will be saved under that name.

Orders in colour scale input box
The input box is a number to change the logarithmic colour scale of the graphs.
10 Log Scale selection box

If selected the output of the shown graph have a logarithmic scale.
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7. QxCuts Window

L. SENRef

Instrument | Sample| Qx0pPlot | OxCuts QyEuts| Fitting | Thanks | [ Lnad Session ] [ Fave Session ] [ Make Segsion Default | )
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The purpose of this window is for diagnostic purposes only. Be sure that the data calculated
matches the required parameters (hence calculation is the last action performed on the Sample
Window). To the left side this window has three panels: The Ox Cuts Definition panel, the Ox
cuts Generator panel and the Calculate QOx Cuts panel. To the left bottom side it has a
selection box /0 Log Scale and an input box Orders in log scale and to the right an output
graph showing the cuts. The cuts represent both the data (if available) as error bars and / or
the calculations (if available) as lines. The corresponding Qx cuts have the same colour. The
intensities are just the sum of all of the intensities in the points between the upper and lower
limits of the Qx cut defined by Qx max = Qx avg + Qx width and Qx min =Qx avg - Qx
width. If Qx 1s equal to 0, the cut is the specular one between Incident Angle + Delta Angle
and Incident Angle — Delta Angle. The Qx cut summation areas (if any are selected) will be
shown as black lines on the graphs on the Sample Window and QxQyPlot Window.

Orders in colour scale input box
The input box is a number to change the logarithmic colour scale of the graphs.
10 Log Scale selection box

If selected the output of the shown graph have a logarithmic scale.
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Qx Cuts Definition panel

[ Cutz Definition (I Cutz Definition
MHumber of cuts 3 8 Mumnber of cuts 3 -
Selected cut 1 - Selected cut 3 *
Q= avg /4 um-1 163 E:a&lﬁ O avg £ um-1 i E:a&lﬁ
[ width / um-1 0,096 Celta &ngle / 1
Min ‘W avelength A nm | g 101 Min‘Wavelength £ rm | 15
Max Wavelength / nm | g 991 Max W avelength / nm |0 5

or
This panel defines the Qx cuts by means of 6 input boxes and 1 selection box:
Number of cuts input box

This number represents the number of cuts in the figure. Each Qx value is represented
by one line in the graph.

Selected Cut input box

This number indicates from which Qx cut the values are indicated in the two lower
input boxes.

Ox avg input box

This number gives the average Qx value of the cuts. When equal to 0 the lowest Input
box of the current panel is changed to Delta Angle (unit milliradians), when different
from 0 the lowest Input box is Ox width (unit micrometer™).

Delta Angle input box

This number determines the angle difference of the scattered angle between which the
intensities are added to find the specular cut (unit milliradians).

Ox width input box

This number determines the intervals used to add the intensities for the specific Qx cut
(unit micrometer™).

Min Wavelength input box

This number determines the minimum of the wavelength range used to calculate the
cuts for the specific Qx cut.

Max Wavelength input box

This number determines the maximum of the wavelength range used to calculate the
cuts for the specific Qx cut.
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Enable Ox Cut selection box
This indicates weather or not the selected cut should be plotted and fitted or not.
Qx Cuts Generator panel

1% Cuts Generator
= firgt order # um-1 0827

[ Width of cutz / um-1 00553

Mumber of Positive Orders |0

LR RS

Mumber of Hegative Orders |2

Include Specular

The selection box, four input boxes and button on this panel can be used to generate the Qx
cuts.

Ox first order input box

This number determines the Qx average value of the first order cut used to add the
intensities for the specific Qx cut (unit micrometer™).

Ox width input box

This number determines the Qx interval width used to add the intensities for the
specific Qx cut (unit micrometer™).

Number of Positive orders Input box

This number represents the number of Qx cuts with a positive order. All cuts for 1 to
the indicated number are generated.

Number of Negative orders Input box

This number represents the number of Qx cuts with a negative order. All cuts for 1 to
the indicated number are generated.

Include specular selection box

If the selection box is checked the generated Qx cuts will include the specular one. For
the width of the specular one the resolution of the incident angle is taken (see
Instrument Window, Instrument Panel, Resolution input box).

Generate button

Pressing this button generates the Qx cuts. The generated Qx cuts can be checked in
the graph on the Sample Window and QxQyPlot window.
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Calculate Qx Cuts panel

Calculate Q' Cuts
Scale Factor 067 |x10/3 &

w

Polarization Corr. () Cale () Data () Mone

Calculate | ¢ )

The input boxes and buttons on this panel can be used to (re-)calculate the Qx cuts and save
them.

Scale Factor input boxes

This factor is used to change the scaling factor of the measurements. The calculations
correspond to the number of neutrons or X-rays counted in the detector channel,
except for a scaling factor. For comparison the scaling of the measurements can be
adapted to match the one of the calculations.

Polarization Correction selection buttons

These buttons are visible if the polarization of the empty beam has been loaded using
the Load button on the Instrument panel on the Instrument Window. If Calc is selected
the calculated polarization is multiplied by the loaded empty beam polarization. If the
wavelength is outside the available wavelength range, the calculated polarization is set
to 0. If Data is selected the measured polarization is divided by the loaded empty
beam polarization. If the wavelength is outside the available wavelength range, the
measured polarization is set to 0. If Nore is selected no correction is done. Remember
to use the Calculate button to let the changed selection take effect.

Calculate button

Pressing this button (re-)calculates the Qx cuts. The Qx cuts can be checked in the
graph to the right.

Save button

This button enables the data output. If pressed a file selection dialog will pop up
requesting a filename. Extensions are OUT (for a space delimited file), OSV (for a
TAB delimited file) or CSV (for a comma delimited file). If a valid filename is chosen
the data will be saved under that name.
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8. QyCuts Window

L. SENRef
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The purpose of this window is for diagnostic purposes only. Be sure that the data calculated
matches the required parameters (hence calculation is the last action performed on the Sample
Window). To the left side this window has three panels: The Qy Cuts Definition panel, the Qy
cuts Generator panel and the Calculate Qy Cuts panel. At the left bottom side it has a
selection box /0 Log Scale and an input box Orders in log scale and to the right an output
graph showing the cuts. The cuts represent both the data (if available) as error bars and / or
the calculations (if available) as lines. The corresponding Qy cuts have the same colour. The
intensities are just the sum of all of the intensities of the points between the upper and lower
limits of the Qy cut, defined by Qy max = Qy avg + Qy width and Qy min = Qy avg - Qy
width. The Qy cut summation areas (if any are selected) will be shown as black lines on the
graphs on the Sample Window and QxQyPlot Window.

Orders in colour scale input box
The input box is a number to change the logarithmic colour scale of the graphs.
10 Log Scale selection box

If selected the output of the shown graph have a logarithmic scale.
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Qy Cuts Definition panel

[y Cutz Definition

MHumnber of cuts 5 2

Selected cut 1 -
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This panel defines the Qy cuts by means of 6 input boxes and 1 selection box:
Number of cuts input box

This number represents the number of cuts in the figure. Each Qy value is represented
by one line in the graph.

Selected Cut input box

This number indicates from which Qy cut the values are indicated in the two lower
input boxes.

Qy avg input box

This number determines the value of the average Qy value the cuts should (unit
nanometer-1).

Qy width input box

This number determines the intervals used to add the intensities for the specific Qy cut
(unit nanometer-1).

Min Wavelength input box

This number determines the minimum of the wavelength range used to calculate the
cuts for the specific Qy cut.

Max Wavelength input box

This number determines the maximum of the wavelength range used to calculate the
cuts for the specific Qy cut.

Enable Qy Cut selection box

This indicates weather or not the selected cut should be plotted and fitted or not.
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Qy Cuts Generator panel

Gy Cuts Generatar
[y firgt order & nim-1 [L0EG

[y "Width of cuts / fim-1 0.0044
Mumber of Orders 5 -

Generate

The three input boxes and button on this panel can be used to generate the Qy cuts.
Qy first order input box

This number determines the Qy average value used for the specific Qy cut (unit
nanometer-1). Default value is determined by the height of the sample.

Qy width input box

This number determines the Qy interval width used to add the intensities for the
specific Qy cut (unit nanometer-1). Default value is determined by the height of the
sample.

Number of orders input box

This number represents the number of Qy cuts. All cuts for 1 to the indicated number
are generated.

Generate button

Pressing this button generates the Qy cuts. The generated Qy cuts can be checked in
the graph on the Sample Window and QxQyPlot window.

Calculate Qy Cuts panel
Calculate Gy Cuts
Scale Factor 067 |«10/3 -

Polarization Cor. () Cale () Data (%) Mone

Calculate | ¢ )

The input boxes and buttons on this panel can be used to (re-)calculate the Qy cuts and save
them:

Scale Factor input boxes

This factor is used to change the scaling factor of the measurements. The calculations
correspond to the number of neutrons or X-rays counted in the detector channel,
except for a scaling factor. For comparison the scaling of the measurements can be
adapted to match the one of the calculations.
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Polarization Correction selection buttons

These buttons are visible if the polarization of the empty beam has been loaded using
the Load button on the Instrument panel on the Instrument Window. If Calc is selected
the calculated polarization is multiplied by the loaded empty beam polarization. If the
wavelength is outside the available wavelength range, the calculated polarization is set
to 0. If Data is selected the measured polarization is divided by the loaded empty
beam polarization. If the wavelength is outside the available wavelength range, the
measured polarization is set to 0. If None is selected no correction is done. Remember
to use the Calculate button to let the changed selection take effect.

Calculate button

Pressing this button (re-)calculates the Qy cuts. The Qy cuts can be checked in the
graph to the right.

Save button

This button enables the data output. If pressed a file selection dialog will pop up
requesting a filename. Extensions are OUT (for a space delimited file), OSV (for a
TAB delimited file) or CSV (for a comma delimited file). If a valid filename is chosen
the data will be saved under that name.
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9. Fitting Window
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The purpose of this window is for fitting the model to the data. The data fitted are the cuts
defined and enabled on the QxCuts and QyCuts Windows. The program only calculated the
point needed to determine these cuts. Lesser cuts and the smaller ranges increase the fit speed.
The fit is based on the minimization of the so called chi-squared, i.e. The average quadrate of
the difference between fit and data point divided by the error. The minimization procedure is
based on the Marquardt-Levenberg method. This method calculates the steepest decent from
the matrix inversion of the Jacobian matrix. If a change in a fit parameter has no influence (or
very small) on the calculated chi-squared, the possibility exist that the inversion of the
Jacobian matrix is singular and the fit does not converge to the (local) minimum. This is
indicated by the Matrix inversion indicator turning to red. The window has three control
panels, Select Fit Parameters, Define Fit Parameters and Fit Control and a results panel, Fit
Results and a button, Reset Fit.

Reset Fit button

Pressing this button initialized the model parameters. The start values are taken from
the Instrument and Sample Windows.
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Select Fit Parameters panel

Select Fit Parameters

InztriumentD ata/lncident Angle Besalution
InztumentD atasncident Angle
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SampleData/Sample Penod

SampleD atalSample Baze Dutpoypcle
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0.073

Add Fit Parameter ]

The selection box, input box and button on this panel can be used to select the fit parameter.
Selection box

The selection box shows all possible parameters which can be fitted for the instrument
and sample model chosen. Selecting a parameter will change the vale of the input box
under the selection box. The name of the parameter will appear in the output box.

Input box
This value is the initial value of the selected fit parameter.
Add Fit Parameter button

If this button is pressed the parameter is removed from the above mentioned selection
box and moved to the selection box in the Define Fit Parameters panel. This parameter
will now be fitted.
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Define Fit Parameters panel

Define Fit Parameters
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The selection box, three input boxes and three buttons on this panel can be used to set the
right upper and lower limits of the fit parameters. The smaller the range the faster and reliable
the algorithm will find the desired minimum.

Selection box

The selection box shows all parameters are fitted. Selecting a parameter will change
the vale of the input boxes under the selection box.

Min Value input box
This value determines the lower limit of the fit parameter selected in the selection box.
Start Value input box

This value determines the initial value of the fit parameter selected in the selection
box.

Max Value input box

This value determines the upper limit of the fit parameter selected in the selection box.
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Remove button

If this button is pressed the parameter is removed from the above mentioned selection
box and returned to the selection box in the Select Fit Parameters panel. This
parameter will is not fitted anymore.

Copy to model button

If this button is pressed the actual value of the parameter selected in the above
selection box is copied to the parameter in the Instrument or Sample Window. The
previous value of this parameters is lost.

Copy All to model button

If this button is pressed the actual value of all possible fit parameters in the both
selection boxes of the Select and Define Fit Parameter Panels are copied to the
respective parameters in the Instrument or Sample Window. The previous values of
these parameters are lost.

Control Fit panel
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The four input boxes and two buttons on this panel can be used to control the fitting
procedure. The graph at the lower side of the panel shows the chi-squared as function of the
iteration number.

Maximum number of iterations input box

This number determines the maximum number of iterations. The fit can stop sooner, if
the required accuracy in chi-squared is reached.

10 LOG lIteration accuracy input box
This number determines fit accuracy. It is used as a measure of the step size to

determine the gradient of the function and it determines the minimum change in chi-
squared to continue fitting.
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Abs input box

This value is added to the error of each cut point value to manipulate the fitting. For
instance, it can be used to overcome faulty error bars due to wrong background
subtraction.

Rel(%) input box

This value is the percentage of the cut point value that is added to the error of each cut
point value to manipulate the fitting. For instance, it can be used to overcome faulty
error bars due to wrong scaling.

Start button

Enables the start of the fit procedure. All input boxes or buttons on all windows are
disabled. It is possible to change to another Window during the fit to investigate its
progress on either the Sample, QxCuts or QyCuts Windows.

Stop button

If pressed the fit is stopped after the current iteration is finished. The start button can
be pressed again and de fit will restart.

Fit Results panel

Fit Resulz

Wurnber of iterations Chi 2 Copy all to Start Values

5 amplel atads ample Period SampleD atads ample Period
InztrumentD ata/Meazurent Scaling Factor InztrumentD ataMeasurent Sealing Factar
Samplel ata’s ample Height SampleD atals ample Height

Walue Walue

Spread Spread

Spread & Spread &
Correlation W atriz Ireeersion Indicator [

The two selection boxes and three buttons on this panel can be used to investigate the fit
results and copy the values to the initial fit values. The output boxes show information on the
fit parameters selected in the selection boxes above. The Spread output boxes are calculated
using the co-variance matrix determined from the Jacobian matrix. It is an indication of the
accuracy of the selected fit parameter. The Correlation output box is the correlation between
the selected fit parameters.

Copy to Start Value button

If pressed the actual value of the selected fit parameter is copied to its initial value.
This enables the continuation of the fit with the end value of the previous fit.
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Copy All to Start Value button

If pressed the actual value of all fit parameters are copied to their initial value. This
enables the continuation of the previous fit.
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10. Thanks Window

L. SENRef

Instrument| Sample ‘ QHQyPIDt| [Cuts | QyCuls| Fitting | Thabks [ Load Session ] [ Save Session ] [ Make Session Defaul | SEMRefSessionData.xml

] SR

Region [ Region 11 Detector

This program has been written by Victer de Haan, BonPhysics BV for 6
Delft University of Technology.
The theoretical background has been published m a bool: I U D e I ft

Coherence approach to

neutron propagation

in spin ccho instruments Extended Phase Object
ki Onerzoeks- on Ontaikbel:

BonPhyéic

Research and Investigations B.V.

Y0 de Haan

Click on the images to find out ...

The purpose of this window is for information purposes only. You can find this guide by
clicking on the upper left picture. The theoretical background for the calculations can be
found in the book ‘Coherence approach to neutron propagation in spin echo instruments’.
This is opened if the lower left picture is clicked. Clicking on the Extended Phase Object
gives information about these calculations. Clicking the right pictures opens the home pages
of the corresponding institutes.
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Appendix A: Format of Data file

The files are simple ASCII files. The input format is as follows:

Up Spin or Down Spin or Non-Polarized

Without Errors:

[YO YI Y2 .... Yn Yntl//
X1 DI1 D12 ..... DIn/

X2 D21 D22 ..... D2n/

Xm Dml Dm2 ..... Dmn//

Xm+1]

Up Spin or Down Spin or Non-Polarized
With Errors:

[YOY1 Y1 Y2 Y2 ..... Yn Yn Yn+l Yn+1//
X1 DI1EI1 DI2EI12.... Din Eln//

X2 D21 E21 D22 E22 ..... D2n E2n//

Xm Dm1 Em1 Dm2 Em2 ..... Dmn Emn//

Xm+1]

Polarized

Without Errors.

[YOY1 Y1 Y2 Y2 .... Yn YnYn+l Yn+1//
X1 P11 MI11PI2MI12..... PlnMln//

X1 P21 M21 P22 M22 ..... P2n M2n//

Xm Pml Mml Pm2 Mm2 ..... Plm M1m//

Xm+1]
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Polarized

With Errors:

[YO YT YI YI YI Y2Y2 Y2 Y2 ...Y¥YnYn Yn YnYntl Yntl/

X1 P11 EP11 MI11 EMI11 P12 EP12 M12 EM12 ..... P1n EP1n M1n EM1n//

X2 P21 EP21 M21 EM21 P22 EP22 M22 EM22 ..... P2n EP2n M2n EM2n//

Xm Pml EPml1 Mml EMm1 Pm2 EPm2 Mm2 EMm? ..... Pmn EPmn Mmn EMmn//

Xm+1]

Where:

‘ [* indicates start of file
¢ //* indicates end of line
‘]” indicates end of file
‘.....  indicates user required repetition of sequence

YO0 is a number: Not used

Yi (i=1..n) : start values of scattered angle interval 1 (In ascending order)

Yi+1 (i=1..n) : end values of scattered angle interval i (In ascending order)

Xj (j=1..m): start value of incident angle (Monochromatic mode) or wavelength (TOF-
mode) interval j (In ascending order)

Xj+1 (G=1..m): end value of incident angle (Monochromatic mode) or wavelength
(TOF-mode) interval j (In ascending order)

Dij: Data values for Xj;Yi

Eij: Error in data values for Xj;Y1 (standard deviation)

Pij: Data values Up Spin for Xj;Yi

EPij: Error in data values Up Spin for Xj;Y1 (standard deviation)
Mij: Data values Down Spin for Xj;Y1

EMij: Error in data values Down Spin for Xj;Yi (standard deviation)
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Appendix B: Format of Data file

(1 Dimensional Profile and Empty beam polarization)

The files are simple ASCII files. The input format is as follows:

[YO Y1/
X1 D1/

X2 D2//

Xm Dm]

Where:
‘ [* indicates start of file
¢ //* indicates end of line
‘]’ indicates end of file
‘.....  indicates user required repetition of sequence

YO0 is a number: Not used

Y1 is a number: Not used

Xj (j=1..m): Distance (Profile mode) or wavelength (Polarization mode) in [nm]

Dj: Data values for Xj: Height in [nm] (Profile mode) or Polarization
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Appendix C: Background of performed calculations.

In general the calculations are done using the equations described in chapter 6 of the reference
of footnote 2. To speed up the calculations it was assumed that the incident mutual coherence
function on the sample position was homogeneous and Gaussian distributed with a large
coherence length in the beam direction and a small one in the direction perpendicular to it.
The coherence length is the standard deviation of the Gaussian distribution.

In principle the spin-echo signal for a grating must be determined using eqs. (7.14) and (7.15)
of reference in footnote 2. However, if there is only structure in the z-direction and the in
plane angle is 0, then eq. (7.24) can be used to speed up the calculations. If some in-plane
angle different from 0 is used in principle this is wrong, for the scattering in the x-direction.
Then the Number per Coherence length parameter must be increased to find the correct spin-
echo signal for the scattering.

In the following the basic equations for the several sample types and approximations are
given.
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DWBA  General

Sample surface correlation function

(Combination of egs. (6.96) to (6.99) of reference in footnote 2):

2
6 ()= 4 (p,) 2 ”{FTW}

GO (5,7, ) =GO () 4p; T (k,) ( E(e"(fg.)*ﬂ(fwr})inH(";))_‘ E(e—n«vﬁ(a))

2 j
Sample surface scattering function

(Combination of egs. (6.104) to (6.107) of reference in footnote 2):
S (13’];) = J.e_iQ’/F”Gs (ﬁ’lga’_’;/)dz’”//

S, (p.k) =52 (p.k)+ 57 (p.k)

E (efiKyH(f;) )

S e ( Dk ) = AT M{ J‘ o017 E( ef('fv)*H(wa)—inH(a) d*r, —478? ( Q//)

]

S]?ffSpev (1—5’];) = AT? T(py)T(kZY) {Ueier?'//e-iK),~H(?//)d2r// 2 47 s? (Q//) E (e—il(yH(fs))

]
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DWBA  Gaussian Random Distribution

(standard deviation o, average [, complex constant g):

E (equ(ﬂ)) — efffzqz/Z‘fiﬂq

Sample surface correlation function:

2

G (p.F.r) =6 (p)

1+ p ( —2p'%,o'2 _1)
P

GOf/Spec( kr//) G(OO)(ﬁ)‘ip‘ ;(( y)) ~Re{7}o? ( )_1)

Sample surface scattering function:

1+ﬁ(e2”§"2 —1)
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DWBA  Block

(Height H, Period L, Width D)

E(equ(xS)) =1 +%(@qu _1)

O <x< D E(ei(/(v) H(x+xs)iKJ,H(xS)) — 1_%(1 _ e—ZHlm{KJ,} ) +%(26Hlm{xy} cos (H Re{]{y} ) . 1 . e—ZHlm{KJ,} )

perel AT 2D (1 e )1

0<x<D G (pk.7)=G" (5)L L Tlk) [ﬁ—g +(2J2J(2e”‘m{"f} cos(H Re{x,} ) -1-¢ ") )

I« |2T(p},) L L \L
- 2Tk 2
D<x <§ G (ﬁ,k,f”;/) =GO (1—5) |1I:|}2 T((pyy)) [%j (2e—Hlm{x),} COS(HRe{Ky})—l _e—ZHIm{KV})

Sample surface scattering function:

2

S]fpec ([3,/;)=47Z2AS[FT(RV)} 52 (Q//)

1+ D p, (ez’?"vH _ 1)
87 p,

L p'y

S]?ﬂSpec (1—5’ ]}') — ASI—Q % o (Qz ) (ezHlm{Kv} — 2eiHlm{Ky} coS (H RC{ I(y}) + 1) X

. sin’ (nﬂLj
X :_z . (Qx—2n7r)W
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DWBA  Block Gaussian Distributed
(Height H, Period L, Width D)

E (equ(i)) = o 092Ky

e

gt ) e b

0<x<D C(F//]:HZ[DL_X—(g)Z]
pexcy  cnla(()
clo)=0 =H22(1—2)

L L

> s

GSOffSpec (]3,/; 7 ) = GO0 (13)4_17; T(ky) e*Re{"ﬁ}Uz (emzc(fv) _lj

Sample surface scattering function:

S]fpec (f),/;)=47z2AS[FT(py)} 52 (Q//)

8z p

v
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Phase-Object  General

Sample surface correlation function

(Fourier transform of eq. (6.124) of reference in footnote 2):

2
R, (k. p ) =[PP
PO(}pV) ky_p'y

2
Gjo,o) (];) =AR,, (—py,Py) 4122

2

N

o (5.7 )=o) )

GsOﬁSpec (13,];, ’;;/) = GO0 (/;) RRPO((_k;’ p;)) (E (eiqv(H(f/, +7,)-H(7,)) ) B ‘E (e—iqu(Fx))
PO £y

Sample surface scattering function (eq. (6.124) of reference in footnote 2):

E (eiiq“H(a))

2

—

7 (p.k)= ARy (-p,.p,) 1267 (0,)

E(e_qu’H("))

e (13’];) = ARy (ky,py) 4]:52 {J'e_@'f"E(eiq"(H(F"+a)H(a)))dzif// —47%657 (Q//) 2}
or
]

2
SO (ﬁ,k) =AR,, (ky,py) 4197;2 {

J‘ e 1O e—iqu(f/ ) d? 7,

’ —47*5° (Q// )|E(e_iqv"H(F‘))
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Phase-Object  Gaussian Random Distribution

(standard deviation o, average [, complex constant g):

E (equ(i)) = o 092Ky

Sample surface correlation function:

G (p.K.7) =G (B)e ™

e [~ = =\ oo () Reo (ko) o pcte) )
> (p )= (e o
Sample surface scattering function:

2.2

S/fpec (]3,];) =6’ (Q//)ASRPO (_pyapy)pjeia o

Skoﬁspec (ﬁ,k) =AR,, (k ,py)pie-02qﬁj'e—ié, 7, (equ(F,) —l)dzr//

y
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Phase-Object  Block

(Height H, Period L, Width D)

E(e)) =1 +§(e"qﬂ -1)

0<x<D E(e"‘“("("*"*)“’("v))) =1 +%(cos(qu) -1)

D<x <§ E (el"“(*’("”‘*)‘*’(’“))) =1 +%(cos(qu )-1)

Sample surface correlation function:
G (Z),l;, ,—,;/) = GO (E)(1—2%(1—%)(l—cos(qu))j

0<x<D GZ%¥ (15,1;,7’}/) =G (E)—Rpo(ky’py)f(cos(q H)—l)[%—%+(2jz]

Roo (=P, p, ’ L
L e (5 7 2\ = 0 () Reo (K22, DY
Dsx<> G (pak,r//)—G§°°)(k)mz(”s(qﬁ)‘l)(fj

Sample surface scattering function:

s (5.k)=5"(0,) A Ro (p,-—p,) P (1—2%(1—%(1—008(4# ))J
S/?ﬁspec (13,/;) - AsRPO (k},,py)p§§(Qz)2(1_005(%»1_[)) 8

. sin? (n;r)
x 3 5(0,~2nz)—12

2
=—o0,n#0 nﬂ')
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Phase-Object  Block Gaussian Distributed
(Height H, Period L, Width D)

E (equ(i)) = o 092Ky

0<x<D C(f//]:H{DL_X_(g]

E(efqy(mfwa)—ﬁ(a») e ()

D<x<§ C[r//] Hz(gj
clo)=o =H22(1—2)
L L

Sample surface correlation function:

G (p.K.7) =G (B)e

pex<s G (5 ) =60 (k ) o) (kop, )) [e"f’*’z@ _ 1J

Sample surface scattering function:

50 (5.K)=0(0,) ARy (~p,0, ) Pl ™"

S]f?l'/SpEC (i’),k) = ASRPO (ky,py)p?(Qz ) X

H*q’5| 0 _2nz sin| 20722
® y x L , L D _Bqu);_
x . | 1-| Hq, —————%+cos| 2nz— | |e *
n=—o0,n#0 (qui) +(2n7z') 2nrx L
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Born Approximation

Similar to Phase-Object Approximation except that R, (ky, p y) is replaced by
1—~2

y\&y Ty
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2-D sample surface correlation function

According to Sinha®, for a reflectometer geometry (no angular resolution in the direction
perpendicular to the beam and parallel to the sample surface, here the z-direction) the
scattered intensity is given by the integral over Q. (this was implicitly assumed in the
previous, but there the sample surface correlation function was either in the z or x
direction.).The resulting intensity is then given by the Fourier integral over the O, of the
sample surface correlation function for z = 0.

DWBA  General

Sample surface scattering function (which only holds if §%%« ( Dk ) 1s integrated over Q.):

S (13’];) :J.eiiQ/F//Gs (ﬁ,E,E/)dzn/

SO
()| 2

S]fpec (Z’al;)=4 2143{ 87[11:» } 5? (Q//) 1+%E(eztpjfi(r) 1)

S]?[fSpec (}3,/;) :Asl_'z T(py)T(Zky)5(QZ){J‘e—iQ\.xE(ei(lq,)*H(xéXﬁs)iicyH(’:s)jdx_27[5(QX)‘E(6—1'K),H(FV))2}
871‘/(},‘

According to eq. (7.14) of reference in footnote 2 the 2-shim count rate is proportional to this
Sample surface scattering function integrated over the source area, detector area and sample
area. The 2-flip count rate can be found in a similar way using eq. (7.16), where Pg in the
ideal case (eq. (7.8) P =0) is cos(lese), hence:

E (e—i;«},H(;))

§OSpee (1—5’]}’) — ASFZ Mé‘(é&){j eiQ"xE(ei(’(‘r)*H(XEXH‘”H;)_Z.KJ!H(%)jdx—272'5(Qx)

k, flip 2
87|k

Vv

}

while the specular part remains unchanged.

Similar expression can be derived for the Phase-Object and Born Approximations.

? Sinha et al., Phys. Rev. B 38 (4) 1988, p2297-2312
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Appendix D: Self-Affine Gaussian correlation function and its

Fourier transform.

The Self-Affine Gaussian correlation function is defined as:
—\— 2 —(rr&)”
CSA(r//)_O-e ! ,

where o= standard deviation of distribution, / is the jaggedness parameter and S is the
correlation or cut-off length. The expectation value of such a distribution is given by:

—-e

2

<E(€@U%A@+@FHm@»)"‘Q%f—QAm»

The specular part of the scattering can be calculated from the standard deviation alone,
according to the formulas in Appendix C. The off-specular part is proportional to the Fourier
transform of :

eQZCSA (7)) -1
where Q:‘K‘ y‘ for DWBA and (@ =g, for Born approximation and Phase-object

approximation. According to R. Pynn (Phys. Rev. B, Vol.45, No 2, January 1992 p602-612)
As long as qiaz <1, areasonable approximation of this value is found by inserting

e e%(a,h)—cl(a,h)g—cz(a,h)(gj |
where a =Qo, ¢ (a,h) and c, (a,h) are parameters which depend only weakly on o but

strong on 4, and ¢, (a,h) depends weakly on /4 and stronger on a. Pynn does not give values
for these coefficients but it can be found that a reasonable approximation is given by:

Co( ’h)_T-FE,
_lja? 1=m
cxm,ﬂ—g[ﬂ ﬁ@J’
_i _l—h2 1
Cz(aah’é:)_é:2|:1 ﬂ(h)} 20—00}12,
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where o, is the coherence length defined as the standard deviation of the Gaussian
Resolution distribution of the neutron or X-ray beam:

" e

= R
Oo-coh 277'-

The Fourier transform of this approximate function is a Voight function, which can be
calculated by means of the complex error function. However, it can also be approximated by
a sum of a weighted Lorentzian and Gaussian distribution, with different width. The way this
is done is shown by P. Thomson et al. (J. Appl. Cryst. 20 (1987) p79-83) and G. K. Wertheim
et al. (Rev. Sci. Ins. 45 (11) (1974) p1369-1371).

jcos (g.x)1(x) (e_QZC“(x) - l)dx =
0

a (a,h)é—cz(a,h)(ﬁ]z

co(a,h) £ i ﬁz )
- La’e™ e U - +(1-7)/7In(2)e ; (2)(r]

o, N2xl 1"'4(%)

where

= (I + 2692691, I +2.4284305T, +4.4716305T, +0.0784203T, +T75 ),

2 3
7 =136603"£-0.47719 FL] +0.11116 (FL] ,
r r r

To=2n(2) e, (@.n&), T,=c(a.h,&).

The 2-flip count rate can be found in a similar way, where the approximation is used:

Tcos(qxx)l(x)[egzcy(m) —ljd _

0

2 co(ah)=c/(a.h)l,~¢;(a.h)l, _41n(2) L= ’
l,a’e n L+ (1-p) e (2 41 (2)(r]

o, N27l 1+4(qffj

while the specular part remains unchanged.
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