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This Quick Start Guide is intended to help you to use X'Pert Epitaxy quickly and
efficiently. A brief overview of X'Pert Epitaxy is given at the end of this chapter.
Each of the remaining eight chapters provide worked examples. These examples
have been chosen to demonstrate the most important functionality of X'Pert Epitaxy.

NOTE:  There may be differences between the example screens given in this
Quick Start Guide and what you see on your monitor. In all cases, where
there is a difference, follow what you see on your monitor.

The worked examples in this Quick Start Guide are:

Chapter 2:

Chapter 3:

Chapter 4:

Measuring Composition and Thickness from a Rocking
Curve

This Chapter describes how to use X’Pert Epitaxy to plot a
rocking curve and to determine layer thicknesses and
compositions from marked peak positions in rocking curves
from cubic semiconductor samples.

Using Graphics with Area Scans

This Chapter describes how to load and display area data and
mark peaks for area scans. In addition the procedures for
extracting single scans from a area scan or projecting a area scan
as a single scan are described. The examples used in this chapter
are FeRAMs (Ferroelectric Random Access Memory) samples.

Creating a Wafer Map from a Set of Rocking Curves

This Chapter details how to use the X Pert Epitaxy Wafer Map
function to create maps showing the variation in a sample
parameter (e.g. substrate peak width or layer mismatch) as a
function of position on the wafer from a set of rocking curves.
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Chapter 5:

Chapter 6:

Chapter 7:

Chapter 8:

Chapter 9:
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Creating Sample Files

This Chapter describes how to create sample files for samples
with more than one layer. These files are required when using the
automatic fit functionality. Layer linking is described. The
chapter is divided into three independent sections - one for each
of the major sample types supported: SiGe alloy structures, I1I-V
alloy structures and hexagonal nitride materials.

Making Simulations and Using Automatic Fitting

This Chapter describes how to use X'Pert Epitaxy to simulate a
rocking curve and how to use automatic fitting.

Determining Composition & Relaxation from Rocking
Curves
This Chapter details how use determine layer composition and

relaxation for semiconductor samples from a set of rocking
curves.

Determining Composition and Relaxation from Maps

This Chapter details shown how to determine layer composition
and relaxation for semiconductor samples from a set of
reciprocal pace maps.

Automating Your Diffraction Measurements

This Chapter describes how automatic analysis can be initiated
by creating a new epitaxy icon and associating a specific sample
file, measured file and results menu item.
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1.3 Terms and Conventions Used

This section describes the terms and conventions used in this Quick Start Guide and
how they relate to the graphical user interface.

1.3.1 Terms Indicating an Action
Click Press the left (primary) mouse button and quickly release
it.
Check (v) Switch an option or an item on or off, usually by clicking
on it. Also referred to as a tick mark.
Confirm In the examples in this Quick Start Guide we terminate

Double-click

most actions by pressing the button. When the
button is the default button (indicated by a thick
shadow) you can press the Enter key as well.

Press the left (primary) mouse button twice (quickly) on
an icon, button, item or program.

Drag Press and hold down the mouse button and move the
pointer to move an object or define an area.

Enter Type in information. This can be either text or numerical
data.

Press A key on the keyboard or a button (using the left mouse
button) in a window.

Right-click Press the right (secondary) mouse button and quickly
release it on an item. This opens a context-sensitive pop-
up (or: shortcut) menu.

Select Move the pointer to the option you want and click the left
mouse button.

Tick (v) Switch an option or an item on or off, usually by clicking
on it. Also referred to as a check mark.

Toggle Switch between parameters or states (for example: On-
Off-On, Visible-Invisible-Visible).

3

The instruction to click (or press) [ is used in this Guide
as an instruction to close the window that you are cur-
rently working in, not the program.
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1.3.2 Instructions and Descriptive Text:

An instruction is proceeded by a bullet (¢). Any descriptive text relating to an
instruction is given directly after the instruction.

Generally, screen captures are preceded by an instruction and are intended to show
you what you will see on your screen when you perform that action. However, if
there are any differences, follow what you see on your screen.

1.3.3 Buttons and Fields

Buttons in a window frame are indicated by bold text (for example: Apply or

Cancel), or shown as the actual button image (for example: [__geen ). All fields are
shown between “quotation marks”.

1.3.4 Menu Items and Keys

Menu items are shown in italics, for example: File - Open etc.
All keys are shown bold in italic font. For example: Enter, Ctrl, Alt, Del.
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14 The Menu Structure

X'Pert Epitaxy appears as in Figure 1-1 when the software is started and a single
scan is loaded.
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Figure 1-1: The X'Pert Epitaxy Window on Start-up

The window has a toolbar under the title bar and a status line at the bottom. There
are eleven menu items, three of which appear after scan data has been loaded:
File For loading data, printing and so on.

Edit For adding and removing text. For changing the number of single
scans in a window.

Peaks For selecting and labelling peaks. For sending peaks to the
Orientation Matrix Refinement list.

Results For making calculations from peak positions.
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Sample For creating sample files for Simulate\Results menu.

Simulate For simulating rocking curves (X'Pert Epitaxy) and automatic
fitting (X'Pert Smoothfit).

Wafer Map  For creating maps from an array of rocking curves.

View For changing the appearance of the window and the plots of the
data.

Customize  For setting up defaults.

Windows For selecting between windows containing plotted scans,
including cascading and tiling.

Help For accessing help information.

A new child window is opened every time data files are opened using File - Open.
The menu items available depend on the type of data displayed. The three child
window types are for single scans (as shown in Figure 1-1), area scans and wafer
maps.

As shown in Figure 1-1 the plotted data has a legend area to the right and a header
area. The single and area scan windows also have a results pane. This header, legend
area and the results pane can be toggled off from the View menu.

The relative sizes of the results pane, plot area and legend area can be changed by
dragging on the splitter bars. When the areas are too small to accommodate the
available information, scroll bars appear.

Intensity scaling and angular scaling are chosen using the View menu.
It is also possible to offset single scans horizontally and vertically.

It is possible to change between contours and bit maps for area scans, and there is a
choice of plotting in the full available area or having equal angular scaling on both
the axes.

It is possible to change between displaying contours, or values, or both for wafer
maps.
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Many of the View menu options are also available on the toolbar and in pop-up
menus (accessed by clicking right mouse button when the mouse pointer is in the
graphics area).

Zoomed areas are defined by dragging the mouse.
Text can be added within the plot area.

1.4.3 Marking Peaks

If you wish to analyses single scan data using X'Pert Epitaxy the peaks must first be
found and labeled. This can be done both automatically and manually using the
Peaks menu. This menu is also used for labeling the peaks. There is a semi-
automatic peak find facility for area scans.

144 Customizing X'Pert Epitaxy

A wide range of default parameters can be set using the Customize menu:
default folders

options for displaying single scans

options for displaying area scans

options for displaying wafer maps

screen and printer palettes

default single scan peak search and label parameters for single scans
default intensity levels for area scans

default scaling for plots in reciprocal lattice units

default substrate and layer comminations for sample files

default convolution parameters for simulated scans

default fitting parameters for automatic fitting
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1.5 Data Files for Use with this Quick Start
Guide

Several data files have been supplied with X'Pert Epitaxy Version 4 for you to use
with this Quick Start Guide. Those files are installed in folder: “C:\Program
Files\PANalytical\X'Pert Epitaxy\Examples” and they are:

Chapter 2 004 GeSi on Ge.xrdml

Chapter 3 SBTN fibre.a00, 2026.a00, 60x60.a00

Chapter 4 GaAs_SiN WM.xrdml, 2flat30.sol,
Inp_Q.d00 to Inp_Q.d35, InP_Q.s00,
Half 2in.sol

Chapter 6 Q on InP.s00

SiGe.d00, SiGe4.s00, SiGe4.fit,
SiGe grad.x00, SiGe grad4.s00,
SiGe4.s00, SiGe4.fit

GaN.d00, GaN4.s00, GaN4.fit

Chapter 7 GalnAs004a.d00, GalnAs224a.d00,
GalnAs004b.d00, GalnAs224b.d00

Chapter 8 Map004a.a00. Map444a.a00,
Map004b.a00, Map444b.a00
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Other data supplied with X'Pert Epitaxy, also installed in folder: “C:\Program
Files\PANalytical\X'Pert Epitaxy\Examples” are:

Opt0.d00, Opt90.d00, use with Results - Substrate Offcut

Opt180.d00, Opt270.d00

004 GeSi on Ge.xrdml, 004r GeSi | use with Results - Mismatch (symm) - sample
on Ge.xrdml used in Chapter 2 of Quick Start Guide

Device.d01, Device.s00 a good quality rocking curve with sample file for
analysis and automatic fitting

ORS5318Si.d02

OR333Si.d02, OR5138Si.d02, use with Results - Orientation Matrix Refinement

GalnAs004.a01, GalnAs224.a02 - 004 and
224 from a partially relaxed layer of gallium
indium arsenide on (001) GaAs

use for calculating relaxation and com-
positor

Multi.a01, Multi.a02 - 004 and 444 maps
from a partially relaxed superlattice on (001)
GaAs

GaAs use for calculating relaxation and
superlattice period
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Chapter 2.

Measuring Composition and
Thickness from a Rocking Curve
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Chapter 2. Measuring Composition and Thickness

from a Rocking Curve

2.1 Introduction

In this example we will show you how to use X'Pert Epitaxy to display a rocking
curve from a single crystal substrate with a heteroepitaxial layer, and determine the
composition and thickness of the layer.

The example provided is an 004 rocking curve from a (001) germanium substrate
with a strained heteroepitaxial layer of germanium silicon recorded using a
PANalytical X'Pert Pro MRD. The scan file “004 GeSi on Ge.xrdml” is an /26
scan which was recorded using a mirror plus a Ge 220 four crystal monochromator
as primary optics modules and a receiving slit as secondary optics module. This file
is put in the folder “C:\Program Files\PANalytical\X'Pert Epitaxy\Examples”
during the installation of X'Pert Epitaxy.

The procedure for analyzing a rocking curve will be described in six parts:
Setting the default sample.

Setting up default peak finding and labeling.

Displaying the scan file.

Determining the layer composition and thickness.

Printing out the results.

Preparation for working on similar samples.

SANNAEE I

2.2 The Procedure

®  Start X'Pert Epitaxy

2.2.1 Setting the Default Sample
Now we will set the default sample:

®  Select Customize - Defaults.

®  Click on the “Sample Data” Tab.

®  Use the drop-down list box to set the “Default substrate structure:” to
Diamond.

First set the substrate:
® In the tree view highlight the Diamond Substrate.
®  Inthe Site A frame:

Enter 1 for the “No. of Elements”.
Use the drop-down list box to select Ge as the Site A Element.
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®  Enter 0 0 4 (O<space>0<space>4) for the “Simulations HKL”.

® Enter 00 1 for the “Primary HKL”.

®  Enter 600 for the “Thickness”.

®  Enter 0.0 for the “Offcut angle”.

®  Use the drop-down list box to set the “Layer Structure” to diamond.
Application Defaults X

Automatic Peak Search and Label Parameters I O soandtrea soan ru'Value I Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting I ‘wafer Map and Peak Labels Sample Data | Levels

Default substrate structure: IDiamond LI
— Site &
[=- Substrate
: - Zinc Blende Mo. of elements: I‘] vl
. Element: 1: IGe LI 2 I LI 3 I LI
Fraction: I 1 I I
E| Layer el
- Zinc: Blende Mo. of elements: I‘I vl
- Diamaond
- Wfurtzite Elemert: 1: IGe LI 2 I LI & I LI
Fraction: I 1 I I
Simulation HEL: ID 04 PFrimary HEL: ID 01

Thickness [um]: I B0 Offeut angle [deg]: I 0o
Layer structure: I Diamond - l

QK I Cancel | Help |

Figure 2-1: The Default “Sample data” tab set for a Ge (001) Substrate

Page 2-4



\/ PANalytical

Chapter 2. Measuring Composition and Thickness

from a Rocking Curve

Now set the layer:

® In the tree view highlight the “Diamond Layer”.

®  Use the drop-down list box to set the “No of Elements” to 2 in the Site A
Frame.

®  Use the drop-down list box to set “Element 1" to Ge.
®  Use the drop-down list box to set “Element 2" to Si.
®  Enter 0 0 4 for the “Simulations HKL”.

®  Enter 0.1 for the “Thickness”.

Application Defaulis |X|

Automatic Peak Search and Label Parameters I O soandtrea soan ru'Value I Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting I ‘wafer Map and Peak Labels Sample Data | Levels

Drefault gubstrate structure: IDiamond LI
— Site &
[=- Substrate
. . ZincBlende Mo of elements: |2 vl
Diarnond
wiurtzite Elemert: 1: IGe LI 2 ISi LI 3 I LI
Sapphire .
SiC EH Fraction: I 05 I 05 I
o SibaH ~Site B
[=- Layer
- Zinz Blende Mo. of elements: |2 vl
- Diamond
- Wfurtzite Elemert: 1: IGe LI 2 ISi LI & I LI
Fraction: I 05 I 05 I
Simulation HEL: ID 04
Thickness [um]: I .1

QK I Cancel | Help |
Figure 2-2: The Default “Sample data” tab set for a GeSi Layer
®* Click to save default settings.
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2.2.2 Setting the Default Peak Labelling

Set up peak labeling for the layer and substrate peaks and two thickness fringes:
®  Select Customize - Defaults.
®  Select the “Automatic Peak Search and Label Parameters” tab.

®  Set up the parameters as shown in Figure 2-3 in the “Peak search
parameters” frame, the “Label Parameters” frame and the “Automatic
Peak Marking on Opening” frame.

Application Defaults Ead

Configuration Files | Simulation and Convolution | Fitting I ‘wafer Map and Peak Labels I Sample Data I Levels I

Automatic Peak Search and Label Parameters | O soandtrea soan ruValue I Scan Treatment Options
- Peak zearch p b - Label p
& Automatic search window size Peaks to label:
" Manually set search window size 15

25-L
Wwindow size:; I

3 SuperLattice[S-L)-F
Minirum detection I 0.000000
lewvel:

' Set peak to Gaussian Substrate/layer labelling criteria:

7 St peak to mavimurn intsrsity 5 her il
L-peak has higher intenszit
S-peak iz at higher angle
L-peak iz at higher angle
" Set peak to magimum intensity S-peak is wider

L-peak iz wider

-~ Area scan peak search parameters

' Set peak to centroid

— Automatic Peak Marking on Opening

Measured Scans: W Peak positions

Simulated Scans: | Peak positions

QK I Cancel | Help |
Figure 2-3: The “Automatic Peak Search And Label Parameters” tab

® (Click . From now on, as a measured scan is loaded, peak
positions will be marked with vertical lines and the substrate and layer

peaks will be marked S and L respectively, two thickness fringes will be
labeled F.
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2.2.3 Displaying the Measured Data
First we set the default single scan options:
®  Select Customize - Single Scan Options.

®  Inthe “Default - X - scaling type” pane select the “Relative seconds plot”
radio button if you wish to plot in seconds, or “Degree plot” radio button if
you wish to plot in degrees.

® In the “Default Y-scaling type” pane select the “Logarithmic” radio
button.

® (Click to close the window.

Open from File

Look in: I |25 Examples j - &5 Ef-

@ [l 004 Gesi an Ge.xrdml InP_Q.dos InP_Q.dz0 InP

! [#]004 Sige on Ge.xrdml InP_q.do6 InP_Q.dz1 Opto

MyRecent  |[Hal004r Gesion Ge.xrdml B InP_Q.d07 InP_Q.dz2 Opts

Documerts Device.d01 InP_.dos InP_Q.d23 optl

@ [ Gatis_SiN WM, xrdml InP_.d09 InP_Q.dz4 opt2

. GalnAs004a.d00 InP_Q.d10 IfP_.d25 OR3:

Deskiop GalnAsO04b.d00 InP_Gudil InP_0.d26 ORS:

. GalnAs224a.d00 InP_Qu.diz InP_Q.d27 ORS?

’\_) GalnAs224b.d00 InP_Q.d13 InP_Q.d28 siGe

y [')' t Gah.doo InP_Gudi4 InP_Gnd29 siGe.
W DLERERES InP_.doo InP_Q.di5 InP_0.d30
. InP_Gdat InP_Gud16 InP_Gd31
Q._l InP_.doz InP_Q.di7 InP_Q.d32
Mo IfP_.d03 InP_Q.d18 InP_Q.d33

[y Computer - 2 .

InP_.do4 InP_Q.d19 InP_Q.d34

Q < i ] >

My Metwark, File name: I j Open I
Flaces
Files of type: ISingIe sean [F.dan; s zan; srdml) LI Cancel |

Details... |

Figure 2-4: The Open from File Window

Now we will open the measured file

®  Select File - Open, the window shown in Figure 2-4 will appear.

®  Select “004 GeSi on Ge.xrdml” (you may have to change the folder to:

C:\Program Files\PANalytical\X'Pert Epitaxy\Examples) so that it appears
in the “File name” field.

Page 2-7



®  (Click _ Open |

GeSion Ge Omega 3293860 Phi 000 X800
o004 2Theta BE.17160 Psi0.19 v -10.00

counts/’s

1M~

100K

10K~ F

-1000 500 0 500 1000 1500
Omega/2Theta (5]

Figure 2-5: The Graphics Area after Opening the Scan

The scan data appears as shown in Figure 2-5 in a single scan graphics window
(relative seconds version illustrated). The position information above the plot is the
scan center read from the file header, the file name is shown in the legend area on
the right. If these areas are missing toggle them ON in the View menu.

Quick ways to manipulate your screen plots:

¢ To zoom in on the plot, drag with the mouse to define the required area.

Use the toolbar button psz to go back to the previous zoomed size, or fsz
for the full size plot. When the plot is zoomed, horizontal and vertical
scroll bars are available for moving around the entire area of the plotted
data.

®  You can use the toolbar buttons marked lin and log to change between
linear and logarithmic intensity scaling.

®*  You can use the toolbar buttons marked deg and sec to change between
scaling in degrees and relative seconds.
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We are now ready to find the layer composition and thickness.

®  Select Results - Results Summary.

®  If only part of the results pane is visible at the bottom of the screen drag
the splitter bar between the results pane and the graphics area upwards.

The calculated results are shown in the results pane at the bottom of Figure 2-6.

Results Summany
Name Omega(’]  2Thetal)  FWHM () Intensity (ops)
Substrale: Ge 3283434 EE0B40E 00048 400079350000
Layer. GeSi 32597017 BE 23473 0.01655 226346 45313
Relaxed mismatch [ppm}: -2261 Strained mismatch (opml: 1303
Relased composiion: e, 343025101 05038
Shained composiion:  Gel, 970975i0,02903
Thickness (umk: 0.239249
1, Maone, Diemond,  thick = 0100000 um, Ge0 5505 |

Figure 2-6: The Results Pane

The layer and substrate peak positions, intensities and half widths are given together
with values of the layer thickness. Two values for the mismatch and composition are
supplied - one assumes the layer is fully relaxed and the other assumes that the layer
is fully strained. As the thickness fringes are very clear the layer appears to be fully
strained, thus the fully strained value is the correct value for this sample.

The procedure described above, is one of two possible ways of finding the
composition and mismatch for a cubic sample. Further information about
interpreting single scans, including the equations used, is given the X'Pert Epitaxy
Help File. The layer thickness can be found more accurately by marking all the
fringes on the right-hand side of the layer peak - see the help topic “Labeling
Multiple Peaks”.

If you wish to print out the graphics plus results:
®  Select File - Print.

®  Click on Properties to change the paper or print quality as required.

® Click to print.
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2.2.6 Preparation for Working on Similar Samples

If this sample was the first of many similar samples to be measured you could save
the sample file and the .INI file to automate the analysis of further samples (see
Chapter 9).

Save the sample details as a sample file:

®  Click the right mouse button when the mouse pointer is inside the results
pane to bring up the pop-up menu.

¢  Display the pop-up menu from the results pane.
®  Click on Update Layer.

¢ Inthe Update window select the “Strained Values” radio button.

®  C(Click the button.

®* Click to update the layer thickness - the layer details have now
been changed in the sample file.

®  To save this sample file select Sample - Edit Sample from the main menu.

[ Clle on Save As.. |

®  Enter “GeSi on Ge” as the sample file name.

®* Click and then to close the “Sample Data” window.

Save all of the default settings in an INI file for future use as follows:

®  Select Customize - Save Defaults As....

®  Enter “ResSum.ini” for the file name.

*  Click[_s= |

Chapter 9 explains how this INI file can be used to automate analysis.

That is the end of this exercise, close all files and close Epitaxy.
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Chapter 3. Using Graphics with

Area Scans
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Chapter 3. Using Graphics with Area Scans

3.1 Introduction

In this chapter we will show you how to manipulate area scan data. We will look at
three files recorded from materials used for Ferro-electric Random Access
Memories (FeERAM).

The first example uses data collected from a sample which has a layer of SBTN
(=SrBi,(Tay 7Nb 3),09) on a (100) Si substrate coated with layers of silicon
dioxide, titanium and platinum. We will look at how to project a 2Theta-Omega/Psi
map as a powder scan.

The second and third examples use data collected from a sample which has an SBT
(=S1rBi,Ta,0g) layer on a strontium titanate (=SrTiO3) substrate. We will look at

how to measure the perpendicular and parallel mismatches between the layer and
substrate from a reciprocal space map. We will also look at how to extract small area
maps from large maps.

3.2 Example 1 - Projecting an Area Scan

We will learn how to select plot options for a area scan and how to project a scan.
The data used is file “FiberSBTN.a00”.

Analysis of this data is described in detail in a paper published by Saito et al: Jpn J
Appl, Phys 39, 5489-5495 (2000)

Proceed as follows:

®  Start Epitaxy.

®  Select Customize - Area Scan Options. The window should look like this:

Area Scan Options
— Plot type Aziz label
@ Bitmap [Degrees) & Automatically defined
" Contour [Degress)  Manually defined

€ Contour (Recip. $pace] | |y yic jabel [Froi 1 ()
¥ awis label: IAngIe2[°]

Iv ise whale plat ares

- Intengity scaling
 Linear
" Sguare root
& Logarithmic
 Manual

QK I Cancel | Help |

Figure 3-1: Area Scan Options Window
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If the radio button settings are as shown, click o 1ir they are not as
shown above, first change the radio button settings to match this example

and then click .

® Select File - Open.
®  Choose “Area Scan” in “Files of type:” drop-down list box.
®  Double-click on the file “SBTN fibre.a00” to load that file.

®  Select View and click on Plot in Absolute Values (when it is selected, this
menu item has a bullet beside it).

The graphics area should look like this:

W — BTN fbreADD

SETM fibre testure Omega 17.50000  Phi0.00 X1
333 2Theta 35.00000  Psi4550 ¥ 0.00 W— 15

H— 0
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6258
1345
20567

44
2Theta/Imega 87 -

Figure 3-2: “SBTN fibre.a00” plotted in Absolute Degrees

This area map is a set of 2Theta-Omega scans recorded for Psi values between 0 and
90 degrees. The thin film has a fibre texture - the intensity for each reflection is
distributed along vertical lines in the plot. By projecting all the intensity onto the
horizontal axis we will create a 2Theta-Omega scan which would be recorded from
a polycrystalline sample of the same material. This scan can be used to check the

phases which are present.
®  To project the map: select Edit - Project to X Axis.

Now you will either see the projected scan (see Figure 3-3) or you will be
asked for a file name. If you provide a file name, or accept the proposed
“mm” you can then use File - Open to view the scan.
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Figure 3-3: Projected Scan with Logarithmic Intensity Scaling

The projected scan should look like Figure 3-3 when plotted using a logarithmic
intensity scale.

3.3 Example 2 - Measuring Parallel and
Perpendicular Mismatch

In this example we will show you how to mark peaks in an area scan and use the
results menu to find the parallel and perpendicular mismatch. The data used is file
“2026.a00”. It is a reciprocal space map which of the 2 0 26 reflection from the
SBTN layer and the 114 reflection from the (001) strontium titanate substrate.

®  Select Customize - Area Scan Options.

® In the “Plot type” pane select: Contour (Reciprocal Space).

¢ Click[ =]
®  Open file “2026.200” (C:\Program Files\PANalytical\X'Pert
Epitaxy\Examples)

The data was recorded with low resolution optics so both reflections show the
Copper Ko doublet. The stronger doublet is from the substrate. We will now mark
the peaks from Ko, peaks from the layer and substrate.

®  Select Peaks - Semi Automatic Peak Search.

®  The cursor will appear as a cross in a box.
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®*  Move the cursor near to the Ko peak for the substrate. Hold the left-hand
mouse button and drag to define a rectangle roughly centred on the peak.

The plot should appear as follows:

SBT on STO Omega 3816765  Phi 45.00 %000
2026 2Theta 114.97170 Psi 0.00 ¥ 0.00
1 0000(rlu)
10500 |
10450~
10400 (Y Layar
T iR Ke, [peak
10350~ ;
"’.
10300~ it
10250 Substrate
Ko, peak
10200~
woeo | e
3450 3500 3580 3600 3850 3700 3750 3800
Qx10000()

Figure 3-4: Marking the Substrate Peak Position using Semi Automatic
Peak Search

®  Mark the Koy peak for the layer (the lower peak of the upper pair) in the
same way:

®*  Move the cursor near to the Koy peak for the layer. Hold the left-hand
mouse button and drag to define a rectangle roughly centred on the peak.

®  Select Peaks - Semi Automatic Peak Find again to change the cursor back
to its usual shape.

®  Select Peaks - Automatic Peak Label and highlight “2S-L”” and “S-peak
has higher intensity” as shown in Figure 3-5. You can ignore the
parameters set on the left-hand side as they are not applicable for area
scans.
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If the automatic peak search window does not appear as in Figure 3-5, go
to Customize - Defaults, select the “Automatic Peak Search and Label
Parameters tab” and remove the tick from the “Peak labels” box at the bot-

tom, click the button and return to the previous bullet point.

Automatic Peak Search and Label Parameters

- Peak zearch p b - Label p
& Automatic search window size Peaks to label:
" Manually set search window size 15

indow size: I 0.050000 45-L-F-F
Minimum detection 0.000000 3 Superlattice(3-L}F

level [cps):

O Bt el (o B Substrate/layer labelling criteria:

S-peak has higher intensity
L-peak has higher intenzity
S-peak iz at higher angle
L-peak iz at higher angle
S-peak is wider

L-peak iz wider

" Set peak to maximum intensity

QK I Cancel | Help |

Figure 3-5: Automatic Peak Search Window

e Click[_o_|

A small S should appear beside the substrate peak and a small L should appear
beside the layer peak.

®  Select Results - Peak Grid. (If this menu item is not available, first select
View - Results.)

The peak details should appear below the graphics area. The separator above the
grid can be dragged to change the vertical height of the results pane containing the
grid.

®  Select Results - Parallel and Perpendicular Mismatch.

The values for the d-spacing mismatch (fractional differences in d-spacings) parallel
& perpendicular to the substrate surface are given as shown in Figure 3-6.
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85 Angle between substiate and layer planes [ 0.25000
19838
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Figure 3-6: d-spacing Mismatch Values

This information can be used to derive the lattice parameters of the layer unit cell
assuming the values for the substrate are known.

®  Close this example by seleting File - Close.

3.4 Example 3 - Extracting Area Scans

We will learn how extract small area scans from large area scans. The data used is
file 60x60.200. It is a large area reciprocal space map from an SBTN layerona (001)
strontium titanate substrate - the same sample as used in EXAMPLE 2. The data was
recorded with low resolution optics so all reflections show the Copper Kot doublet.
The data extends over 60 degrees in Omega and 60 degrees in 2Theta-Omega.

®  Select Customize - Area Scan Options.

You will see the window as shown in Figure 3-1. For this example:
®  Select “Plot type” as Bitmap.

* Click[ =]
®  Select File - Open.
®  Use the drop-down list box to select file type “Area scan (*.ann, *.ynn)”.

®*  Find and then double-click on 60x60.a00.
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SBT on STO Omega 45.00000  Phi 0.00 w00o
ooo 2Theta 90.00000  Psi 0.00 oo

2Theta/0 mega
ELIES

Ormega

Figure 3-7: Graphics Area

Figure 3-7 shows the graphics area. The two areas indicated by A and B are the two
areas which we will extract as maps.

Strontium Titanate SBT

Figure 3-8: Reciprocal Space Area Included in this Scan
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Figure 3-8 shows the area of reciprocal space included in this scan. This figure is an
annotated version of the reciprocal space map from X’Pert Data Collector. The red
crosses are reflections from the strontium titanate substrate. The green crosses are
reflections from the layer. The hkl values are shown for allowed reflections. The
four hkl values outlined in black are the reflections included in areas A and B of
Figure 3-7.

To extract the two small maps:

®  Using Figure 3-7 as a guide, zoom into area A.

The two reflections should appear as in Figure 3-9. When you are satisfied
that you have the correct area:

®  Select Edit - Extract Area Scan.

The graphics screen will redraw to show the full map with the extracted
map shown with a red outline. It is automatically named 60x60.a01.

®  Repeat the last two steps to extract area B (it should appear as in Figure 3-
10 and then with a green outline).

®  Select File -Save - All Scans to save the two small scans (60x60.a01 and
60x60.202).

SBT on5TO Omega 45.00000  Phi0.00 X000 J SBT on 5T0 Omega 51.70000  Phi0.00 X000 =
oon 2ThetaS0.00000  Psi0.00 Yoo 0oo 2Theta 10365000 Psi0.00 Y ooo

2Theta/Omega 2Theta/Omega

= 1 - jj 3|

Figure 3-9: Area A Figure 3-10: Area B

That is the end of this exercise, close all files and close Epitaxy.

Page 3-10



\/ PANalytical

X'Pert Epitaxy Quick Start Guide

Chapter 4.

Creating a Wafer Map from
a Set of Rocking Curves

Contents
Page
4.1 Introduction ... —— 4-3
4.2 Creating a Wafer Map to Demonstrate Substrate
DiStortion .......cocciiimmrrr i ———— 4-3
4.3 Wafer Map to Demo Mismatch Variation in Quaternary
= 4-9
4.4 Using Your Own Data .......ccccooimmmmmmeeeceeeeeeeeeeeeeas 4-14
4.4.1 How to Create Outline Files.........ccocoeviririnineieieeieene 4-15
4.4.2 How to Create Results Files from an Existing Peak File ....... 4-16
4.4.3 How to Include Thickness Measurements............c.cccceeeruennee 4-16
4.4.4 Changing the Viewing Options .........ccceeeveeveeeerieniereeseeneennnns 4-17
4.4.5 What to Do if All Peaks are not Marked Automatically ........ 4-17
4.4.6 Limitations on Structure TYPes ......ccevvecieriirieririenieereeeene 4-18
4.4.7 Folders Used for Wafer Map Data .........ccccceevererenenencnennnne 4-18

Page 4-1



X'Pert Epitaxy Quick Start Guide

Page 4-2



\/ PANalytical

A wafer map shows the variation in a sample parameter (for example: substrate peak
width or layer mismatch) as a function of position on the wafer). A series of rocking
curves recorded from an array of points on the sample is required as input.

Two sets of example data are provided. The first is an array of rocking curves
recorded from a gallium arsenide wafer with a amorphous layer of silicon nitride.
The change in position of the substrate peak is used to demonstrate the distortion of
the wafer due to the presence of the amorphous layer. The second set is from a
strained (i.e. relaxation = 0%) gallium indium arsenide phosphide layer on an
indium phosphide substrate with an indium phosphide cap. Here the variation in
layer mismatch is calculated from the variation in the separation of the substrate and
quaternary layer peaks.

The first example is described in Section 4.2. This analysis does not require a sample
file. This type of wafer map can be applied to any substrate material.

The second example is described in Section 4.3. Here a sample is required. This type
of wafer map can only be applied to samples with diamond or zinc blende crystal
structure.

The sample was a 2 inch gallium arsenide (001) wafer with a deposited layer of
amorphous silicon nitride. A regular array of rocking curves was collected using a
Wafer Map program using X’Pert Data Collector.

The two files supplied for this example
(folder “C:\Program Files\PANalytical\X'Pert Epitaxy\Examples”) are:

GaAs_SiN WM.xrdml - the scan data
2flat30.so0l - a file showing the outline of the wafer.

The procedure for creating the wafer maps is described in three parts:
1. Setting the defaults.

2. Opening the data and creating the wafer map.
3.  Printing out the results.
To set up the defaults:
®  Start X'Pert Epitaxy.
®  Select Customize - Defaults.

®  (Click on the “Automatic Peak Search and Label Parameters” tab.
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®  Use the options shown in Figure 4-1:

CEINT3

On the left hand side select “Automatic search window size”, “set peak to
Gaussian”.

On the right hand side “1-S” should be highlighted for the “Peaks to label”
and “S peak has higher intensity” should be highlighted for the “Substrate/
layer labeling criteria”.

All the option boxes at the bottom should be unchecked.

Application Defaults |

Configuration Files | Simulation and Convolution | Fitting I ‘wafer Map and Peak Labels I Sample Data I Levels I

Automatic Peak Search and Label Parameters | 0 scanfirea scan lu Yalue I Scan Treatment Options
- Peak zearch p b - Label p b
& Automatic search window size Peaks to label:
" Manually set search window size 15

251
indow size: I 4[5-L)-FF

3 SuperLattice[S-L)-F
Minirum detection I 0.000000
lewvel:

' Set peak to Gaussian Substrate/layer labelling criteria:
" Set peak to maximum intensity

5 ty
L-peak has higher intenzity
S-peak iz at higher angle
L-peak iz at higher angle
" Set peak to maximum intensity S-peak is wider

L-peak iz wider

-~ Area scan peak search parameters

' Set peak to centroid

— Automatic Peak Marking on Opening
Measwred Scans:. | Peak positions I Peak labels

Simulated Scans: | Peak positions

QK I Cancel | Help |

Figure 4-1: The Automatic Peak Search and Label Defaults Setup for
Finding One Peak
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Now set the wafer mapping defaults:
®  Click on the “Wafer Map and Peak Labels” tab.

®  Use the options shown in Figure 4-2:
Use the first drop-down list box to set “For wafer map peak table files dis-
play” to “Substrate Position (°)”.

Use the second drop-down list box to set “For wafer map results files dis-
play” to “Strained Mismatch (ppm)” - this is for the second example.

Application Defaults

Automatic Peak Search and Label Parameters I O soandtrea scan ru Value | Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting ‘wafer Map and Peak Labels | Sample Data I Levels

[']
I Last used peak table item

For wafer map peak table files display:

For wafer map results files display: IStrained Mismatch [ppm) LI
[ Last uged result item
Display wafer map as:
(e i IEontours LI

I Last used display as item

Olutline file: I |
[ Last used file

Outline zetting:

# offzet of outline from grid centre [mm]: I 1]

' offzet of outline from grid centre [mm]: I 1]

Fiotation of outline [deg): I 1]
I Last used outline settings

Substrate peak label: IS
Layer peak label: IL
Fringe peak. label: IF

QK I Cancel | Help
Figure 4-2: The Wafer Map and Peak Label Defaults
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To continue:
®* C(Click to close “Application Defaults” window.
®  Select Wafer Map - Wafer Map from Raw Data.
®  Enter the “Peak table file name” as “GaAs_SiN”.

[ ) Clle on Add from File... .

®  Open the file “GaAs_SiN WM.xrdml” (folder “C:\Program
Files\PANalytical\X'Pert Epitaxy\Examples”).

* Click to open the file and close the “File Open” window.
*  Click on _ EeviewPons | tq see the position of the measured rocking curves.

®  You will see a 5x5 grid of measured points as shown in Figure 4-3. The
points are in the centre of the wafer. The positions are shown in terms of
the X and Y co-ordinates of the MRD cradle. The centre of the wafer was
at X=2 mm, Y=26 mm.

Wafer Map from Raw Data |X|
‘Wafer Map Details | Outline Details
el Wafer, Map Points Preview:
Peak table file name: 50
Input gcans: + + 4+ + +
Scan Mame ¥ [mm] Add from File... |
Gads SiN ‘Wi ++
— R
Giahs_SiN W + 4+ + + + RemoveScar(s) |
Gads_SiN W 18
4 I + + 4+ 4+ + FPreview Points |
— Results file details —
[ Create results file]
Besults file: | [ whs
Sample file -20 o = =
Uze Jayer: I % [rnm] 3 Set Sample... |
Mo of points: 25 ]
I~ Prompt for manual i t Peak Parameters...l
QK | Cancel | Help |

Figure 4-3: The Wafer Map from Raw Data Window with the Preview
Display
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To add the information about the wafer shape:
®* Click to close “Wafer Map Points Preview” window.
®  Click on the “Outline Details” tab.

®  Enter 2 and 26 for the X and Y offsets (the X and Y positions of the centre
of the wafer).

[ ) Clle on Clle Load Outline... | X

®  Select the file “2flat30.sol” - this is a 2 inch wafer with a major flat

subtending an angle of 30 at the centre and press [oeen 1]
The outline will be displayed on the tab as shown in Figure 4-4.

Wafer Map from Raw Data |X

‘Waler Map Details  Outine Details |

Outline file: 2flat30.s0l

# offzet of outline [mm]: I 2 Unload Dutline |
' offzet of outline [mm]: I 26 [ Previe

Botation [*): I 1] 180

270 0

QK | Cancel | Help

Figure 4-4: The “Outline Details” Tab
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To display and print the map:
®* Click to close the wafer map window.

The map should appear as in Figure 4-5. You may need to select View-Linear to
observe the contours.

®  Select File - Print.

®  Ifrequired click Options in the printer window to change the paper
orientation and the print quality.

# X'Pert Epitaxy and Smoothfit - [Gaks_SiN.WPK]
%) Fle Edt Rests Sample Simulate WaferMap View Customize Window Help BEE
[@] [8 B o & 7] ol [wse 6 [[tcs [[Ta]mt Joo mn [ bt o on [ B0 seowm ote

No information available

30.96557
0.93315
31.00074
31.01833
31.03691
31.06350
F1.07108
31.03867

3110626
3112384
14143
3115902
3117680
3113419
20178
31.2293
31.24635
31.26453
3128212
3129971
3131729

Figure 4-5: The Wafer Map showing the Substrate Peak Position

This wafer map is saved as “GaAs_SiN.wpk”. All the information about the outline
file position is saved with it. The wafer map can be opened using File - Open.
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The sample was half a 2 inch indium phosphide (001) wafer with a heteroepitaxial
quaternary (gallium indium arsenide phosphide) layer plus an indium phosphide
cap. Thirty six individual 004 rocking curves scans are supplied. These were
recorded for a 9x4 rectangular array of points. The mismatch will be determined
from the substrate-layer peak separation using information about the substrate and
layer materials from the sample file.

The sample was mounted on the MRD cradle with the co-ordinates of X =-1, Y = -
2 for the centre point of the full 2 inch wafer.

The files supplied for this example (in folder “C:\Program Files\PANalytical\X'Pert
Epitaxy\Examples”) are:
InP_Q.d00 to InP_Q.d35 - 36 rocking curves in a 4x9 grid
InP_Q.s00 - the sample file
Half 2in.sol - the outline file.
We will assume the defaults are as set in Section 4.2.
To load the scans:

®  Select Wafer Map - Wafer Map from Raw Data.

®* Clickon AddfomFie. |.

®  Highlight all the file names “InP_Q.d00” to “InP_Q.d35”.

*  Click to close the “Add from File” window.

®* Clickon FevewFarts | to see the position of the measured rocking curves.

You should see a complete 4x9 grid of points. If the grid is not complete check the
list of scan names in the Wafer Map window to see which files have not been loaded.

You can add these by clicking  4ddfemfie.. | again and highlighting the missing
files.

*  Click to close the “Preview” window and then click

to close the “Wafer Map from Raw Data” window.

For this example we want to search for the two largest peaks per scan and we wish
to make calculations from the peak positions. We need to change the peak search
parameters from those used in Section 4.2:

° Click on setPeak Parameters...| .
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In the “Label Parameters” frame change the “Peaks to label” to “2 S-L” -
see Figure 4-6.

Click :
Automatic Peak Search and Label Parameters
- Peak zearch p b - Label p
& Automatic search window size Peaks to label:
" Manually set search window size 15

“wiindow size: I 45LFF
Minimum detection I 0.000000 3 Superlattice(3-L}F

level [cps):

O Bt el (o B Substrate/layer labelling criteria:

S-peak has higher intensity
L-peak has higher intenzity
S-peak iz at higher angle
L-peak iz at higher angle
S-peak is wider

L-peak iz wider

" Set peak to maximum intensity

QK I Cancel | Help |

Figure 4-6: The Peak Parameters for the InP_Q Sample

For this example we need to produce a peak table (with information about the peak
parameters) and a results file (with the values calculated from the peak positions).
We also need to load the sample file:

Enter “InP_Q” for the “Peak table file name”.
Tick the “Create results file” option box.
Enter “InP_Q” for the “Results file” name.
Click  etSample.. .

Select the file “InP_Q.s00”.

Click to load the sample file.

The “Use layer” drop-down list box should show Layer 1 of the sample
(the Q layer).

The “Wafer Map Details” tab should now be as in Figure 4-7.
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— Peak table file detail

Peak table file name: IInF'_Q WPK

Input gcans:
Scan Mame % [rom] vl Add from Eile... |
InP_0Q.d34 1250000 —
InP_0Q.d33 £.0000
InP_0Q.d32 3.5000
InP_(3.d31 -1.0000 Femove Scan(z] |
InP_0Q.d30 55000 ~

4 3 FPreview Points |

— Results file detail

¥ Create results file

Results file: IInF'_Q|

Sample file C:\Program Files\PAM alytical+'Pert E pitaxmpE xamplesinP_G. =00

MRS

Use layer: I'I, Mone, Zinc Blende, thick = 0.280000 um, Gal.28In0.724:0.6P0.4 LI Set Sample... |

™ Prampt for marual intervention

Set Peak Parameters...l

QK I Cancel | Help |

Figure 4-7: The “Wafer Map Details” tab

To add the information about the wafer shape:
Click on the “Outline Details” tab.

Enter “-1” and “-2” for the X and Y offsets.

Clle On  Load Outline... |

Select the file “Half 2in.sol” - this is a semicircle with a diameter of 2

inches.

Click to load the outline file.

The “Outline details” tab should now be as in Figure 4-8.
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Wafer Map from Raw Data

‘Waler Map Details  Outine Details |

Olutline file: Half 2in.sol
# offzet of outline [mm]: I -1 Unload Outine |
' offzet of outline [mm]: I -2 [ Previe

Botation [*): I 1] 180°

270 a0

QK | Cancel Help

Figure 4-8: The Wafer Outline tab

To display and print the map:
*  Click to close the wafer map window.
®  Select File - Print.

®  Ifrequired click Options in the printer window to change the paper
orientation and the print quality.

The map should appear as in Figure 4-9. The layer mismatch is displayed because
this is the results file default selected in Figure 4-2.
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& X'Pert Epitaxy and Smoothfit - [InP_Q. WRS]
6F\ Edit Reslts Sample Simulate Wafer Map fiew Customi

Wi telp.
@ |t | & B i A 2wl o b \F\FWMW bit o om | 3] sec pm ste

el NEES

Nainfomation available
Sample D escription: InP_01 W— ans
Layer mismatch i srained] pem Number of les: 36 [~
i) W =
W— =
W— =57
& W— 2mns
W =x5es
- W 200
W 204753
B 193455
i 134150
1883.45
183541
15 78236
A7EEm
- emz
10+ W s:z:
W smas
W— 5
5 W 09
W— ms
04
54
20 10 [] 10 El]
X (mm)
Mean(un) = 1664
Mean(l= 1573

Figure 4-9: The map of Variation in Layer Mismatch

For this example both the peak table file (with extension.wpk) and the results file
(with extension .wrs) were created and saved. The default results table item is
displayed. If you want to look at a wafer map of any of the peak parameters:

®  Select File - Open.
®  Highlight InP_Q.wpk.

* Click to open the file.

You will see a map of the substrate peak position (default set in Figure 4-2). If you
wish to view another parameter from the peak table:

®  Move the mouse pointer into the graphics area and click the right mouse
button to display the pop-up menu.

®  Select Peak Table Items.

®  Choose the item you require from the submenu. In this example we chose
“Width (°)” and the result is as shown in Figure 4-10.
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Figure 4-10: The Peak Table having Chosen Width (°)

44 Using Your Own Data

This section provides additional information you may need when using your own
data. This includes:

How to create outline files (4.4.1).
How to create results files from an existing peak file. (4.4.2).
How to include thickness measurements (4.4.3).
Changing the viewing options (4.4.4).
What to do if all peaks are not marked automatically (4.4.5).
Limitations on structure types (4.4.6).
Folders used for Wafer map data (4.4.7).
Further information is provided in the X'Pert Epitaxy Help File.
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4.4.1 How to Create Outline Files

You can use Wafer Map - Create Wafer Outline to produce a circular wafer outline
of any diameter with a horizontal flat at the bottom. All you need to specify is the
radius in millimeters and the angle where the flat starts (0° is at the bottom of the
wafer).

To create an outline for a 4 inch wafer with a flat subtending 50° at the centre of the
wafer:

®  Select Wafer Map - Create Wafer Outline.
®  Enter “50.8” as the “Radius”.
®  Enter “25” as the “Start” - the window should be as in Figure 4-11.

®  Enter “4flat25” as the “File name”.

*  Click to save.
500

File name: I4f|at25|

Fiadius [mm]: | 506 Start ;| 2

~ Previe
180°

270 0

0*
QK I Cancel | Help |

Figure 4-11: The Wafer Outline Window

If the sample is mounted with the flat at an angle to the horizontal use the “Rotation”
field of the “Outline Details” tab shown in Figure 4-4 when creating your wafer
map.
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4.4.2 How to Create Results Files from an Existing Peak File
To create a results file (.wrs) from an existing peak table file (.wpk):

®  Select Wafer Map - Wafer Map from Peak Table.

®  Enter a name in the “Results file” name field.

. Click on Load Table... |

®  Load the peak file that you want to use.

® Clickon SetSampl.. |.

®  Load the sample you wish to use.

® Ifthe peak table does not include the outline you want to use, you can edit
the “Outline Details “tab.

* (Click to create the results file.

4.4.3 How to Include Thickness Measurements

If your measured files include thickness fringes you can mark these automatically

and the layer thickness will be calculated in the results file. To do this proceed as in
section 4.3 except that the Automatic Peak Search and Label Parameters should be
set as shown in Figure 4-12 instead of as in Figure 4-6 - you may need to change the
“Substrate/layer labelling criteria” to apply to your sample.

Automatic Peak Search and Label Parameters

- Peak zearch p b - Label p
& Automatic search window size Peaks to label:

" Manually set search window size

indow size: I
Minirum detection I 0.000000
]

level [cps):

3 SuperLattice[S-L)-F

O Bt el (o B Substrate/layer labelling criteria:

S-peak has higher intensity
L-peak has higher intenzity
S-peak iz at higher angle
L-peak iz at higher angle
S-peak is wider

L-peak iz wider

" Set peak to maximum intensity

QK I Cancel | Help |

Figure 4-12: Automatic Peak Marking for Thickness Results

If you have problems with peak marking see Section 4.4.5.
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a Set of Rocking Curves

44.4 Changing the Viewing Options

In sections 4.2 and 4.3 wafer maps were shown in contours. It is also possible to
show the maps as values or as both (i.e. with contours and values). These options
are selected using the View menu shown in Figure 4-13. Viewing as Values is the
only available option if the wafer map is for an irregular array of points.

Values
* Contours
Bath

Levels...

* Lingar
Manual

v Header
v Legend

Select Peak Table Item...
Select Results Tkem. ..

v Cursar Status Bar
Status Bar 3
v Toolbar

Figure 4-13: The View Menu from a Wafer Map Window

It is also possible to use the View menu to change between Manual and Linear
scaling. Select Levels to set the Manual levels.

Use the Edit menu to add Text labels to a wafer map.

4.4.5 What to Do if All Peaks are not Marked Automatically
Often peaks are not marked consistently in all the scans of a wafer map. There are
two options for adjusting the peak information:
Use manual intervention
Edit the .wpk with a text processor
To use manual intervention:
®  When you are editing the “Wafer Map Details” tab (Figure 4-7) tick the
“Prompt for manual intervention” option box.
When you click to start the Wafer Map, each scan will be shown with the
peaks marked. If the peak marking is correct, select Wafer Map - Process Next Scan.
If the peak marking is incorrect, edit it manually before selecting Wafer Map -

Process Next Scan. When you know that all the inconsistent marking has been
removed you can select Wafer Map - Continue to End.
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When there are only a small number of problem files in a large data set it may be
quicker to edit the .wpk file directly. One mode of working:

®  Use Wafer Map - Wafer Map from Raw Data to create a peak file (.(wpk).

®  Use a text processor to look at the .wpk file and note the problem scans
which have been inconsistently marked.

®  Load each of the problem files as a single scan.

Mark the peaks you wish to use.
Note the peak parameters displayed in the Peak Grid.

®  Go back to the text processor and edit the peak information.

4.4.6 Limitations on Structure Types

The calculations used in the results file are the same as those used in Results -
Results Summary for single scans as shown in Chapter 2. The mismatch and
composition values are intended for diamond and zinc blende materials. If you use
a sample file which has neither a diamond or a zinc blende substrate all the
mismatch and composition values will be set to zero. Only the thickness will be
calculated.

For more information about the Results Summary calculations see the X'Pert
Epitaxy help file.

4.4.7 Folders Used for Wafer Map Data

When loading data to create a wafer map, the folder which X'Pert Epitaxy uses as
the "last used folder" will always be the folder from which you most recently have
loaded scan data. The wafer map files you create - the .wpk and .wrs files - will be
saved in this folder.

The sample file can be loaded from any folder. This will not influence which folder
the wafer map tables are saved in.

The outline files are always stored with Epitaxy.exe.
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Chapter 5. Creating Sample Files

5.1 Introduction

In this chapter you will be shown how to use X'Pert Epitaxy to create sample files
which are used to store information about semiconductor epitaxial layer structures.
Sample files are required by the results and simulate menus. The chapter is divided
into three independent parts one for each of the main materials combinations
supported by X'Pert Epitaxy.

The three demonstration samples are:

Sample A: A silicon substrate with a SiGe graded layer plus a Si capping
layer.

Sample B: A quaternary multiquantum well device structure on an InP
substrate

Sample C: A GaN/GalnN superlattice on a sapphire substrate

For each sample the procedure is described in two parts:
1. Setting the default substrate and layer.

2. Creating the sample file.
In addition, layer linking procedures are described for samples B and C.

Sample A and Sample C are similar to the samples used in Chapter 6 to demonstrate
automatic fitting.

Sample B is similar to the sample used in Chapter 6 to demonstrate creating a Batch
of Simulations.
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5.2 The Procedure for Sample A (Si Substrate)

Figure 5-1 shows the structure of the sample for which we are going to create a
sample file.

x=0.005

x=0.18

Figure 5-1: Sample Structure

®  Start X'Pert Epitaxy.
To set the default substrate and layer:
®  Select Customize - Defaults.
®  Click on the “Sample Data” tab.

®  Use the drop-down list box at the top of the tab to set the “Default
substrate structure” to Diamond.

Now we want to set the default diamond substrate to (001) Si:

®  (Click on “Diamond” in the Substrate branch of the tree structure on the
left-hand side of the window.

® Inthe “Site A” frame:
set the “No. of elements” to 1.
Use the drop-down list box to set the “Element 17 to Si.
®  Enter 0 04 (0 <space> 0 <space> 4) for the “Simulation HKL”.
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® Enter 00 1 (0 <space> 0 <space> 1) for the Primary HKL

¢ Enter 600 for the “Thickness in microns”.

®  Enter 0.0 for the “Offcut angle”.

®  Use the drop-down list box to set the “Layer structure” to Diamond.
Now we want to set the default diamond layer to SiGe:

®  Click on “Diamond” in the Layer branch of the tree structure.

® In the “Site A” frame:
set the “No. of elements” to 2.

Use the drop-down list box to set the “Element 17 to Si and “Element 2”
to Ge.

Enter 0.5 for the Si “Fraction”.
®  Enter 0 0 4 as the “Simulation hk1”.

®  Enter 0.01 as the “Thickness (mu)”.

Figure 5-2 shows the Sample Data tab after editing the default layer.
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Application Defaults

Automatic Peak Search and Label Parameters I O soandtrea soan ru'Value I Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting I ‘wafer Map and Peak Labels Sample Data | Levels
Default substrate structure: IDiamond LI

— Site &
[=- Substrate
- ZFinc Blende Mo. of elements: |2 vl
- Diamond
Swiurtzite Element: 1: ISi LI 2 IGe LI 3 I LI
- Sapphire .
i B Fraction: I 05 I 05 I
-SiC 4H CieR
[=- Layer
- Zinc: Blende Mo. of elements: |2 vl
- Diamond
- Wfurtzite Elemert: 1: ISi LI 2 IGe LI & I LI
Fraction: I 05 I 05 I
Simulation HEL: ID 04
Thickness [um]: I 0.oh
QK I Cancel | Help |

Figure 5-2: Default Sample Tab after Editing the Default Diamond Layer

Click to save the changes you have made to the default sample.

Create the sample file for the structure shown in Figure 5.1:

®  Select Sample - New Sample.

The “New Sample” window will appear with a silicon substrate as we have just set

in the defaults.
Create the full sample file:

®  (Click on _&ditser |in the “Add as next layer” frame (top left-hand corner

of window).
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Use the “Grading type” drop-down list box to set the grading to Linear.
®  Enter 5 for the “No. of steps”.
¢ In the “Site A” frame:

Enter 0.995 for the “Top fraction” of Element Si.
Enter 0.82 for the “Bottom Fraction”.

®  Enter 0.0057 micron as the “Thickness (um)”.

®  (Click on Setlw= | to transfer this data to the sample tree display.

Untitled - Sample Data |§|
—Add az nest layer————————————— Add to superlattice
Add Layer | Add Sgperlatticel ’7 Add Layer | Add Sugerlatticel Delete Layer | Link Lavers |

LaperD, Substrate, Diamond, thick = B00.000000um, Si, 001, Stain= 0.0, offcut=0.0
Layer:1, Linear, Diamond, thick = 0.005700 um, top:[Si0.995G20.0055i0.995Ge0.005 183ppm]. bottom:[Si0.82Ge0.185

i | ! ] l|

Structure: I Diarnond - l Grading type: I Linear - l
Mo. of steps: I 5

Site & Site B:

No.gfelements:|2 vl Ma. 0fe|ements:|2 vl
Element: 1 ISi LI 2 IGe LI & I LI Element: 1 ISi LI 2 IGe LI & I LI

Tophaction: | 0995 | 0005 | Tophaction: | 0995 | 0005 |

Battam fraction: I 0.8z I 018 I Battam fraction: I 0.8z I 018 I

I Set by mismateh () Top (ppm): | 15920 Strain top (ppm): | [0 Thickness [um]:l 0.005700
Warysiter 4 B Bottom [DDm]ZI E7510 Shain bottom [ppm]:l .0 Relaxation [%]: I [ili}

LCopy | Save bz | Dvenwrite | QK | Cancel | Help |

Figure 5-3: Sample Window after Editing the Graded Layer for Sample A
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We are now ready to add the second layer (the Si capping layer):
®* Clickon addlser |in the “Add as next layer” frame.
®  Set the “No. of elements” to 1 for the A site - this gives us a Si layer.
*  Enter 0.008 micron as the “Thickness (um)”.
®  Click on SetLser | to transfer this data to the sample tree display.
To save the sample data as a sample file:

® Click on at the bottom of the “Sample Edit” window.

The sample file save window will appear as in Fig 5.4

®  Enter “Sample A” as the “File name”.

® (Clickon| Save |

Sample File Save As

Save ir: IE} Examples j - £k B
== Device,s00
@ =] Gatis.s00

My Fiecent GeSi on Ge.s00
Documents InP_.500
Q on InP.s00
Q56G 01,500
Desktop SiGed,s00

SiGe grad4.s00

¢ 6

My Documents

@

My Computer

&

My Metwork  File name: || j Iﬂl
Flaces
Save as type: ISampIe file [*.shn] LI ﬂl

Figure 5-4: Sample Edit Window

Sample A will be saved in the current sample folder.
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Figure 5.5 shows the structure of the sample for which we are going to create a

sample file:

InP
Qa
QB

I

I

i

Layer 5.T.ayer 4

Layer 2 = 7 period
superlattice
Layer 1

Layer 0

Figure 5-5: Device Structure with Seven Quantum Wells on InP

The sample has an (001) indium phosphide substrate and capping layer, with
alternating layers of two different compositions of indium gallium phosphide
arsenide (In,Ga(_)PyAs(_y)). The x and y values for the two quaternaries are: Qu
x=0.6764, y=0.5000; Qg x=0.8040, y=0.2000. To create the sample file we will

divide the sample into layers as indicated on the right-hand side of the figure. The

layer thicknesses in microns are:

layer | Material | Thickness

0 InP 250

1 Qa 0.01

2 7 periods 0.1470 x 7
2.0 Qp 0.0070

2.1 Qa 0.0140

3 Qp 0.0070

4 Qa 0.01

5 InP 0.10
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Set the default substrate and layer:
®  Start X'Pert Epitaxy.
®  Select Customize - Defaults.
®  Click on the “Sample Data” tab.

®  Use the drop-down list box at the top of the tab to set the “Default
substrate structure” to Zinc Blende.

Now we want to set the default Zinc Blende substrate to InP:

® In the left-hand tree structure of Sample tab click on “Zinc Blende” in the
“Substrate” branch.

® Inthe “Site A” frame:
Set the number “Elements” to 1.

Use the drop-down list box to set the “Element” to In.
® In the “Site B” frame:

Set the number of “Elements” to 1.

Use the drop-down list box to set the Element to P.

®  Enter 0 04 (0 <space> 0 <space> 4) for the “Simulation hkl”.

® Enter 00 1 (0 <space> 0 <space> 1) for the “Primary hkl”.

®  Enter 250 for the “Thickness (um)” (as for layer O in Figure 5-5).

®  Enter 0.0 for the “Offcut Angle”.

®  Use the drop-down list box to set the “Layer structure” to Zinc Blende.

Now we want to set the default Zinc Blende layer to Q4 - the composition of layers
1, 2.1 and 4 in Figure 5-5.

®  Click on “Zinc Blende” in the “Layer” branch of the left-hand tree.
® Inthe “Site A” frame:
Set the “No of Elements” to 2.

Use the drop-down list boxes to set Element 1 to In and Element 2 to Ga.
Enter 0.6764 for the fraction of In.

®  Set the “No of Elements” on Site B to 2.
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®  Use the drop-down list boxes to set Element 1 to P and Element 2 to As.
®  Enter 0.5 for the fraction of P.

®  Enter the “Simulation hk1” as 0 0 4 (0 <space> 0 <space> 4).

®  Enter the “Thickness” as 0.01 (as required for layers 1 and 4).

®* Click to save the default sample information.

To create the sample file for the structure shown in Figure 5-5.

®  Select Sample - New Sample.
® Ifrequired, click| _*e  to clear the existing sample.

The New Sample window will appear with an InP substrate as we have just set in
the defaults.

To enter the Layer 1:

®  (Click on _&ddtser |in the “Add as next layer” frame (top left-hand corner
of window).

®  Click on Set Layer.

To enter Layer 2:

®  Click on #ddsuetatice| in the “Add as next layer” frame at the top of the
window

®  Enter 7 for the “No. of repeats” in the bottom half of the window.
®  (Click setLse | in the bottom right-hand corner.

A Default Zinc Blende layer has been entered as the first layer of the superlattice
(Layer 2.0). We need to add a second layer (layer 2.1) to the superlattice:

®  (Click on _&dLser |in the “Add to superlattice” frame in the middle of the
window at the top.

We need to edit both the composition and thickness of layer 2.0 and the thickness of
layer 2.1:

®  Highlight Layer 2.0 by clicking on it.
*  Enter 0.007 for the “Thickness”.
®  Enter 0.804 for the “Top Fraction” of In.
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Enter 0.2 for the “Top Fraction” of P.
Click on _SetLayer |,

Highlight Layer 2.1.

Enter 0.014 for the “Thickness”.

Click on _SetLaer |,

We can use copy and paste to add layer 3 and layer 4 as they are the same as layer
2.0 and layer 1.

Highlight Layer 2.0 by clicking on it.

Click the right mouse button to display the pop-up menu (the mouse
pointer should be in the sample tree view).

Select Copy.

Highlight Layer 2 (the first line of the superlattice entry) by clicking on it.
Select Paste from the pop-up menu to add the copied layer as layer 3.
Highlight layer 1 by clicking on it.

Click the right mouse button to display the pop-up menu.

Select Copy.

Highlight Layer 3 by clicking on it.

Select Paste from the pop-up menu to add the copied layer as layer 4.

Now add the InP cap (Layer 5)

Click on _&ddtser |in the “Add as next layer” frame.
Change the number of “Elements” on site A to 1.
Change the number of “Elements” on site B to 1.

Enter 0.1 for the thickness.

Cth on  SetLaper |

The sample edit window should now appear as shown in Figure 5-6.
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Untitled - Sample Data

—Add az nest layer————————————— Add to superlattice

Add Layer | Add Superlatticel Add Layer | Add Superlatticel Delete Layer | Link Lavers |

Layer2, Superlattice, thick = 0147000 um, Mo. of Repeats =7
Layer:2.0, Mone, ZincBlende, thick = 0.007000 um, [n0.804Ga0.196P0.2450.8 50825ppm, 001, Steps=1.
Layer21, Mone, ZincBlende, thick = 0.014000 um, In0.E764Ga03236P0.58:05 3130 ppm, 001, Steps=1
Layer3, Mone, ZincBlende, thick = 0.007000 um, [n0.804Ga0.196P0. 24508 50825ppm, 001, Steps=1, R¥%=
Layerd, Mone, ZincBlende, thick = 0.010000 um, In0.6764Ga0 3236P054:05 N30 ppm, 001, Stepz=1. RX
Layerh, Mone, ZincBlende, thick = 0100000 um, InP 38050ppm, 001, Steps=1,Strain= 0.0, R¥%= 00

=

[

£ 1l ] =]
Structure: IW[ Grading type: Im
Mo. of steps: l—‘l

Site & Site B:

Mo. of elements: m Mo. of elements: m

Element:  1: IIn LI 2 I LI & I LI Element: 1 IP LI 2 I LI 3 I LI

Top fraction: I 1.0 I I Top fraction: I 1.0 I I

Battam fraction: I 1.0 I I Battam fraction: I 1.0 I I
I Set by mismatoh (ppm) Tap (ppm): lm Strain top [ppm: I—UU Thickness [um]:lw
Yarysite: & 4 B Bottom [ppm]:lm Strain battom [ppm]:l—D_D Fielaxation [%]: I—DD

Copy | Save Az | Ovenwrite | QK | Cancel | Help |

Figure 5-6: The Sample Edit Window after Entering the Layers for Sample
B

Now save the sample:
®  (Click on to exit from the edit window.

®  On the “Sample Save” window enter the sample name “Sample B”.

® (Click to save the sample information.
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For this sample we can set up links. We will set up standard links between the site
A compositions of all the layers of composition Q4. We will do the same for all the

layers of composition Qg. We will set up a total link for the layer thickness of Layers
2.0 and 2.1. Once these links have been set up, the A site occupancy of all the Q
layers and all the Qg layers will all change together whenever any one of the layers

is edited. The combined thickness of Layers 2.0 and 2.1 will remain constant
whenever the thickness of either layer is edited. These links are saved in the sample
file and will be active during manual editing and when using automatic fitting.

®  Select Sample - Edit Sample.
®  Click _LinkLsess | (button at top right-hand side of the window).

®* Hold down the C#rl key and highlight lines 1, 7 and 13 by clicking on
them.

®  Click Stsndsdlik| (button at bottom left-hand side of the window).

The link window should now appear as in Figure 5-7. A link has been created
between all the site A compositions of the Q4 layers.

& Layer, Linking

2|Layer 1: Single - [Site B) InGa Pa

3|Layer 1: Single - InGa Pas Thickness
4| Laper 2.0: 5L Single - [Site A) InG| Composition
B|Layer 2.0: 5L Single - [Site B InG| Composition
3 -
g
&

Single - InGa PAs | Thickness

7 Layel Single - [Site A) InG Composition 113
Layer 2.1: 5L Single - [Site B] InG| Composition

Layer 2.1: 5L Single - InGa PAs | Thickness
10{Layer 3: Single - [Site A] InGa P4 | Composition
11|Layer 3: Single - [Site B] InGa P4 | Composition

12|Layer 3: Single - InGa Pas Thickness
3 Layer 4 Single - [f InGa P4 Composition
14|Layer 4: Single - [: InGa P | Composition
15|Layer 4: Single - InGa Pas Thickness
16(Layer 5 Single - In P Thickness
Standard Link | Torel ik | Unink | Ok | Cancel | Hep |

Figure 5-7: The linking Window After Linking the A Site Composition of
all the Q, Layers
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We will now create the remaining links:
Click on line 4 to highlight it.

Hold down the Ctrl key and click on line 10.

Click Standard Link |

Click on line 6 to highlight it.

Hold down the Ctrl key and click on line 9.

To save the sample with links:

Click TotalLink | .

Click (bottom of the window).

Figure 5.8 shows the linking window with all three links made.

& Layer, Linking

No. | Laper description

Parameter

Standard link group

Total link group

Layer 1: Single - [Site A] InGa PA | Composition |7
Layer 1: Single - [Site B] InGa PA | Composition
Layer 1: Single - InGa PhAs Thickness

- [Site &) InG| Composition |10

Layer 2.0: 5L Single
E ' 0: 5L Single
Layer 2.1: 5L Single - [Site A] InG

- (Site B] InG

9 Layer

10{Layer 3: Single

7
2
3
4| Layer 2.0: 5L Single
5
5
7
g

Layer 2.1: 5L Single - [Site B] InG

Single - InGa

- [Site) InGia PA

Composition

11|Layer 3: Single

- [Site B InGa PA

Composition

12(Layer 3 Single

- InGa Pas

Thickness

13[Layer 4: Single

- [Site A) InGa PA

Composition

14|Layer 4: Single

- [Site B InGa PA

Composition

15(Layer 4: Single

- InGa Pas

Thickness

16|Layer 5 Single

-InP

Thickness

Standard Link | TotalLink |

Unlik.

o]

Cancel |

Help

Figure 5-8: The Linking Editor After All Three Linked Groups Have Been

Made
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Click _gvewie | in “Sample edit” window.

—Add az nest layer————————————— Add to superlattice

Add Layer | Add Superlatticel Add Layer | Add Superlatticel Delete Layer | Link Lavers I

. Substrate, Zinc Blende, thick = 250000000 um, Gads, 0071, Strain= 0.0, offcut = 0.0

. Mone, Zinc Blende, thick = 0.010000 um, In0.6764Ga0.3236P0.54:05 31301ppm, 001, Steps=1, R¥%=1
. Superlattice, thick = 0147000 um, Mo. of Repeatz =7

. Mone, Zinc Blende, thick = 0.007000 um, In0.804Ga0.196P0.2450.8 50825ppm, 001, Steps=1. A% = 0C
. Mone, Zinc Blende, thick = 0.010000 um, In0.6764Ga0.3236P0.54:05 31301ppm, 001, Steps=1, R =1
Layerh, Mone, ZincBlende, thick = 0100000 um, InP 38050ppm, 001, Steps=1,5tran= 0.0, R¥%= 00

3] Il | =

Structure: IZinc: Blende 'l

Site & Site B:

Mo. of elements:|1 vl Mo, of elements:l‘l vl
Element: 1 IGa LI 2 I LI3: I _I Element: 1 IAs LI 2 I LI & I LI

Fraction: I 1.0 I I Fraction: I 1.0 I I

PFrimary HEL: oo1 Thickness [um]: I 250.000000
Offeut angle [deg]:l 0o Strain [ppm]: I 0o

4

Set Substrate |

Copy | Save Az | Ovenwrite | QK | Cancel | Help |

Figure 5-9: The Linking Editor After “Overwrite” has been Pressed

Page 5-16



\/ PANalytical

Chapter 5. Creating Sample Files

5.4 The Procedure for Sample C (Sapphire
Substrate)

Figure 5-10 shows the structure for which we are going to create a sample. For this
sample the interface between the sapphire and the GaN buffer layer is assumed to
be totally relaxed.

10 period
GaN\GalnN
superlattice

Figure 5-10: Sample with Sapphire Substrate

®  Start X'Pert Epitaxy.
Set the default substrate and layer:
®  Select Customize - Defaults.
®  Click on the “Sample Data” tab.

®  Use the drop-down list box at the top of the tab to set the “Default
substrate structure” to Sapphire.

®  Click on Sapphire substrate in the left-hand tree structure of “Sample” tab.
®  Check that the substrate details are as shown in Figure 5-11.

®  Click on the “Wurtzite” in the left-hand “Layer”tree.
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Application Defaults

Automatic Peak Search and Label Parameters I O soandtrea soan ru'Value I Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting I ‘wafer Map and Peak Labels Sample Data | Levels

Drefault substrate structure: ISapphire LI
— Site &
[=- Substrate
. ZincBlends Mo. of elements: I‘] vl
- Diamaond
wurtzite Element: 1: IAI LI 2 I LI 3 I LI
- Sapphire .
S EH Fraction: I 1 I I
[ SiCa EHeE
[=- Layer
- Zinc: Blende Mo. of elements: I‘I vl
- Diamaond
- Wfurtzite Elemert: 1: ID LI 2 I LI & I LI
Fraction: I 1 I I
Simulation HEL: ID [il] PFrimary HEL: ID 01
Thickness [um]:l B0 Offeut angle [deg]: I 0o
Layer structure: “Wurtzite

QK I Cancel | Help |
Figure 5-11: The Default Sample Data Tab Edited for a Sapphire Substrate

®  Set the “No of Elements” on Site A to 2.

®  Use the drop-down list boxes to set “Element” 1 to Ga and “Element” 2 to
In.

®  Enter the “Simulation hk1” as 0 0 2 (0 <space> 0 <space> 2).
*  Enter the “Thickness” as 0.1.

®  Enter the “In plane rotation” as 30, the tab should be as shown in Figure 5-
12.

®* Click to save the default sample information.

Page 5-18



\/ PANalytical

Chapter 5. Creating Sample Files

Application Defaults

Automatic Peak Search and Label Parameters I O soandtrea soan ru'Value I Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting I ‘wafer Map and Peak Labels Sample Data | Levels

Drefault gubstrate structure: ISapphire LI
— Site &
[=- Substrate
.\ L. Zinc Blende HMo. of elements: |2 vl
- Diamaond
wurtzite Element: 1: IGa LI 2 IIn LI 3 I LI
- Sapphire .
S EH Fraction: I 05 I 05 I
[ SiCa EHeE
[=- Layer
- Zinz Blende Mo. of elements: I‘I vl
- Diamaond
- Wwfurtzite Elemert: 1: IN LI 2 I LI & I LI
Fraction: I 1 I I
Simulation HEL: ID nz
Thickness [um]: I 01
In-plane Botation [deg): I an

QK I Cancel | Help |
Figure 5-12: The Default Sample Data Tab Edited for a Wurtzite Layer

Create the sample file for the structure shown in Figure 5-10.
®  Select Sample - New Sample.

The New Sample window will appear with a sapphire substrate as we have just set
in the defaults.

Enter the relaxed GaN buffer layer which is 1.525 microns thick:

®*  Clickon addlser |in the “Add as next layer” frame (top left-hand corner
of the window).

A 0.1 micron Ga.( 5In, 5N layer has appeared as we set in the defaults. We
need to edit this:

Page 5-19



X'Pert Epitaxy Quick Start Guide

Set the “Number of elements” on site A to 1.
Enter 1.525 for the “Thickness”.
Enter 100.0 the “Relaxation %”.

Click on _SetLayer |.

To enter the superlattice which consists of 10 repeats of (25A0f Gag g7Ing 13N plus
70A of GaN):

Click on #ddsuetatice| in the “Add as next layer” frame at the top of the
window.

Enter 10 for the “No. of repeats” in the bottom half of the window.

Click _setLser | in the bottom right-hand corner.

A Default Wurtzite layer has been entered as the first layer of the superlattice (Layer
2.0). We need to add a second layer to the superlattice:

Click on _addLsyer | in the “Add to superlattice” frame in the middle of the
window at the top.

A second layer (layer 2.1) appears. To edit the two layers:

Highlight Layer 2.0 by clicking on it.

Enter 0.87 for the “Top fraction” of Element 1.
Enter 0.0025 for the “Thickness”.

Enter 0 for the “Relaxation %”.

Click on _SetLayer |,

Highlight Layer 2.1.

Set the “No. of elements” on Site A to 1.

Enter 0.07 for the “Thickness”.

Enter 0 for the “Relaxation %”.

Click on _SetLaer |,
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We now need to add the 500A GaN capping layer:

Highlight “Layer 2” in the tree structure display of the sample (i.e. the
main superlattice description).

®  (Click on _#&ddtser |in the “Add as next layer” frame.
Set the “Number of elements” on site A to 1.

®  Enter 0.05 for the “Thickness”.

®  Enter 0 for the “Relaxation %”.

® Cllck on  SetLaper |.

Figure 5-13 shows the sample edit window with all the layers entered.

Untitled - Sample Data

Add Layer | Add Superlatticel

—Add az nest layer————————————— "Add to superattice—————————————

Add Layer | Add Superlatticel Delete Layer | Link Layers |

Layer0, Substrate, Sapphire, thick = 00000000 um, Al0, 007, offcut=00

Layer1, Mone, ‘wWurtzite, thick =1.525000 um, GaM 16138%pm, 001, Steps=1, A% =1000

Layer:2, Superlattice, thick = 0.725000 um, Mo. of Repeats =10

Layer2.0, Mone, ‘Wurtzite, thick = 0.002500 um, Ga0.87In013MN 177896ppm, 001, Steps=1, R%= 00
Layer21, Mone, ‘wurtzite, thick = 0.070000 um, GaM 16138%pm, 001, Steps=1, R% =00

Layer:3, Mone, ‘“Wurtzite, thick = 0.050000um, GaM 161389ppm, 0071, Steps=1. R%= 0.0

Structure: IWurtzite - l Grading type: I None A l
Mo. of steps: I 1

Site & Site B:

No. of elements: [T~ No. of elements: [T~

Blement  1: [Ga | 2| ]3| -] Blement  1: [N |2 | |z [ -]
Tophaction: | 10 | | Tophaction: | 10 | |

Battom fraction: | 10| | Battom fraction: | 10| |

I Set by mismatoh (ppm) Tap (ppm): |151333-5 Strain top [ppm): I U0 Thickness [um]:l 0.050000
Warysite: © 4 7 B Bottom [DDm]Z|1B1388.B Strain battom [ppm]:l (1.0 Relazation [%]: I 0.0

Copy | Save Az | Ovenwrite | QK | Cancel | Help |

Figure 5-13: The Sample Edit Window after Entering all Layers
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To save the structure:
® (Clickon to exit from the edit window.

®  On the “Sample save” window enter the sample name “SAMPLE C”.
®* Click to save.

For this sample we can add one total link to fix the superlattice period. This link will
be saved in the sample file and will be active during manual editing and when using
automatic fitting (see Chapter 6).

®  Select Sample - Edit Sample.

®  Click _LinkLsess | (button at top right-hand side of the window).

®  Hold down the C#rl key and highlight lines 3 and 4 by clicking on them.
®  Click StndsdLik| (button at bottom left-hand side of the window).

The link window should now appear as in Figure 5-14.

& Layer, Linking
Nao. | Layer description Farameter Standard link group Total link group
1|Layer 1: Single - Ga M Thickness
2|Layer 20: 5L Single - [Site A) Gal| Composition
5|Layer 3 Single - Ga M Thickness
StandardLik|  Totallink | Unink | ok | cancel | Hep |

Figure 5-14: Linking Window after Creating Total Link for Sample C

To save the sample with links:
*  Click (bottom of window).

*  Click _gvemie | in “Sample edit” window to save the sample file with
links.
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Chapter 6. Making Simulations and

Using Automatic Fitting

6.1 Introduction

This chapter demonstrates the simulation and fitting functionality.
The demonstration is in three parts:
Using Batch Simulation
Using the Simulation and Fit pane to make simulations
Using the Simulation and Fit pane for automatic fitting.

There is a final section indicating the best procedures for using your own scan data.

NOTE: To follow all the instructions in this chapter you will need an X'Pert
Epitaxy License and a Smoothfit License. If you do not have X'Pert
Smoothfit License you will not be able to do automatic fitting.

6.2 Simulating a Batch of Rocking Curves

We will learn how to set up the defaults for simulations and convolutions and create
simulations from existing sample files. A sample file “Q on InP.s00” is provided in
folder: “C:\Program Files\PANalytical\X'Pert Epitaxy\Examples”. This is similar to
the sample file “Sample B.s00” we created in Chapter 5.

¢ Start X'Pert Epitaxy.
®  Select Customize - Defaults.
®  Click on the “Simulation and Convolution” tab.

The window will appear as in Figure 6-1. The values will normally be set for your
diffractometer. We will set the values shown in the figure.
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Application Defaults

Automatic Peak Search and Label Parameters I Q) scan/Area scan ru Value I Scan Treatment Options I
Corfiguration Files  Simulation and Convolution | Fitting I Wafer Map and Peak Labels I Sample Data I Levels

[~ Always save simulated scans

Madmum intensity: I 10000
[ Last used value

Monochromator type: I Mone ;I
[ Last used value

Background (cps): I 0
[ Last used value

[T Add noise

Courit time per step (s): I 1

[ Last used value

[~ Diffuse Scattering

Height (cps): | 1000
[ Last used value

Width (deg): | 025
™ Last used value

0K | Cacel | Hep |

Figure 6-1: The Window for Setting the Default Convolution Conditions

®  Check the “Always save simulated scans” box in the top corner of the

window. The simulated files will be saved in the folder names on the
“Folders” tab.

®  Enter 50000000 in the “Maximum Intensity field”.

¢  Use the drop-down list box to set the “Monochromator type” to Ge(220) 4-
Crystal.

®  Enter 11 in the “Background (cps)” field.

®  Make sure the “Add Noise” and “Diffuse Scattering” option boxes are
NOT checked.
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*  Click o |

We will now make a batch of simulations using file “Q on InP.s00” which is similar
to “sample B.s00” created in Section 5.3 of this Quick Start Guide:

®  Select Simulate - Batch Simulation.
®  (Click on the button on the bottom left of the window.
®  Select “Q on InP.s00.

Select sample file for simulation

Look in: IE} Examples ;I - |‘j( v
Device.s00
l é Gah4.s00
My Recent || GeSi on Ge.s00
Documents InP_Q.s00
@ Q on InP.s00
- sample A.s00
Desktop sample B1.s00
. =] sample B.s00
Nl =) siGe4.s00
My Documents =) sice grad4.soo
My Computer
My Network File name: I ;I Open
Places
Files of type: ISampIe file (*.snn) ;I Cancel |

Figure 6-2: The Select Sample File Window

Figure 6-3 shows the Batch Simulation window after “Q on InP.s00” has been
inserted. You may need to drag on the dividers between the columns to see all the
information available. The Sample file name is in the second column. The first
column is the file name which will be used for the simulated data - this ends in .z00.
The convolution conditions are shown in code in column 3 - in this case the default
convolution conditions. The remainder of the columns show the reflection used, the
substrate Bragg angle and the range and step size. The layer and substrate hkl values
in columns 5 and 6 are taken from the default sample tab. The range has been
calculated to show all the Bragg peaks from the layers plus a few thickness fringes
beyond the outermost peaks. The step size is based on the expected thickness fringe
spacings.
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Simulation Setup

|Filename | Sample |Corvolute [Intensity  [hkl-5 [hkl - L |High |Dmega -5 [ [Start )

b [QonlrPZ00 |0 anlnF.s00 [220B-- 50000000.0/00 4 [oo4 O | 3166324 2
2

Delete | Lonvalution Farameters... | Usze Suggested Yalues |

¥ T new window Copy | ak. | Cancel | Help |

Figure 6-3: The Batch Simulation Window after Inserting One Sample
In this batch we will show how to add further simulations using different
convolution conditions and different reflections.

®  Highlight the existing entry for the batch by clicking on the left-hand end
of the line.

®  Click the right mouse button to display the pop-up menu.
® Select Copy.
®  Click the right mouse button to display the pop-up menu again.

®  Select Paste - this will add a second simulation with simulation file name
extension .z01.

®  Repeat the last two actions - this will add a third simulation with
simulation file name extension of .z02.

We will edit the line with simulation file ending in .z01 to have different
convolution conditions to the first file and then we will edit the line with simulation
file ending in .z02 to use a different reflection.

®  Highlight the line with simulation file name ending in .z01 by clicking on
the left-hand end.

° Clle on the Convalution Parameters...l button‘

®  Enter 1 in the “Background (cps)” field, so we can see the effect of having
a smaller background.

*  Click__o_]
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The convolution parameters window is shown in Figure 6-4.

Convolution Parameters X

Tmas | Ge(220] 4-Crystal =]
Background [cps): I 1
[ Add noise

Count time per step (2] I 1.0000
[ Bent zample

Fiadius (m: | 1000000
Bieam width () | 1.4000

[ Diffuse Scattering

Height [cpz]: 1000.0

|
| 0.25000

QK I Cancel | Help |

ficdth [7]:

Figure 6-4: The Window for EditIng the Convolution Parameters

®  Highlight the line with simulation file name ending in .z02 by clicking on
the left-hand end.

®  Enter 0 0 2 (O<space>0<space>2) in columns 5 and 6 for this line, so we
can simulate a different reflection.

The “Simulation Setup” window should be as in Figure 6-5.

Simulation Setup

Filename Samnple Corvolute | Intensity hkl - 5 hkl - L High Omega -5 [7) [Start [
QonlnPZ02 |0 onlnP.s00 [220B- 50000000.0/002 [TE] O 15.21846 11
QonlnPZ01 |QoninP.s00 2208 50000000.0/004 oo4 O 31.66824 &

G onlnPZ00 |G onlnP.s00  |[220B- 50000000.0/00 4 oo4 O 31.66824 2

KU — 2
Inzert... | Delete | Lonvalution Parameters...l Usze Suggested Yalues |
¥ T new window Copy | ak. | Cancel | Help |

Figure 6-5: The Simulation Setup Window with Three Simulations
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To perform the simulations:

*  Click o |

# X'Pert Epitaxy and Smoothfit - [Q on InP.Z00]

T File Edit Peaks Results Sample Simulste Wafer Map View Customize Window Help

Jli\“' (@ B oA o wsa | tes [Tin mt [log | ot o[ see o ot
Theta()= 043 count

JTheta(]= 5495735  counts/s=
Theta[)= 1630800 counis/s =

Qor
Qor

oo

Sample  Smulation | Convelution | Fiting | Fi Settings |

Max.intensty (cps): | 600000000 Omega substrate (: | 1521846
Substrae hid [ 002 swmi0 [ i0sme7
Layer hk! [ 02 Ede 969057
I~ High incidence Step () 000300
No. of ponts: [ a4

Use Selected Scan Vales | Use Suggesied Values

[Q on InP.s00

Figure 6-6: The Graphics Display of the Three Simulations

Figure 6-6 shows the graphics display you will see. The following View menu
options were used:

Mismatch plot selected
Logarithmic intensity scaling
Plot in degrees

These three simulations demonstrate the loss of detail with increasing background
noise (compare “Q on InP.z00” and “Q on InP.z01”) and difference in satellite
intensities in the 004 and 002 reflections (compare “Q on InP.z00” and “Q on
InP.z02”).
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6.3 Simulating Using the Simulate and Fit
Pane

This section gives you step-by-step instructions for simulating a rocking curve using
the “Simulation and Fit” pane. It is possible to edit parameters on the different tabs
of the “Simulation and Fit” pane to rapidly improve the fit between a simulated
curve and a measured curve.

The sample structure used is shown in Figure 6-7 - a SiGe heterojunction bipolar
transistor (HBT) with two discrete SiGe layers and a Si cap. Two files are provided,
the measure scan, SiGe.d00 and a sample file, SiGe4.s00. The files are inserted in
the folder “C:\Program Files\PANalytical\X'Pert Epitaxy\Examples” when X'Pert
Epitaxy is installed.

200A Sig g5Gey g4

Figure 6-7: The SiGe HBT Structure with Two SiGe Layers
To begin:
®  Start X'Pert Epitaxy.
First we will set some defaults:
®  Select Customize - Defaults.

®  Click on the “Simulation and Convolution” tab.

®  Set all values as shown in Figure 6-8.

®  Select the “Automatic Peak Search and Label Parameters” tab.
®  Set all values as shown in Figure 6-9.

®* Click to close the “Applications Defaults” window.
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Application Defaults

vV Always save simulated scans

Automatic Peak Search and Label Parameters I Q scan/Area scan ru Value I
Corfiguration Files  Simulation and Convolution | Fitting I Wafer Map and Peak Labels I Sample Data I Levels

Scan Treatment Options

Madmum intensity: I 5000000
[ Last used value

Monochromator type: I MNone ;I
[ Last used value

Background (cps): I 0
[ Last used value

™ Add noise

Count time per step (s): I 1
[ Last used value

[~ Diffuse Scattering

Height {cps): | 1000
[ Last used value

Width (deg): | 025
[ Last used value

0K | Cacel | Hep |

Figure 6-8: The Simulation and Convolution Defaults Tab
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Application Defaults |

Configuration Files | Simulation and Convolution | Fitting I Wafer Map and Peak Labels I Sample Data I Levels I

Automatic Peak Search and Label Parameters | Q) scan/Area scan ru Value I Scan Treatment Options
— Peak search — Label
& Automatic search window size Peaks to label:
' Manually set search window size 15
251
indow size: I
3 Superlattice(S-L-F
Minimum detection I 100
level:
% Set peak to Gaussian Substrate/layer labelling criteria:
" Set peak to maximum intensity Speak has higher intensity
Lpeak has higher intensity
- S-peak is at higher angle
Area scan peak search parameters Lpeak is at higher angle
" Set peak to maximum intensity S-peak is wider
' Set peak to centroid Lpeak is wider

— Automatic Peak Marking on Opening
Measured Scans: [ Peak positions I Peak labels
Simulated Scans: | Peak positions

0K | Cacel | Hep |
Figure 6-9: The Automatic Peak Search and Label Defaults Tab

Now we will load the experimental scan and the sample file:
®  Select File - Open.

®  Open SiGe.d00.

®  Select Sample - Open Sample.

®  Select the file SiGe4.s00.

®* Click to open the file, and then o ]

®  Select Simulate - Simulate and Fit.
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The display should be as in Figure 6-10. You may need to select View - Results to
see the results pane and you may need to adjust the splitter bars to get a better view

of the results pane. You may also need to select View - Plot in Relative Seconds and
View - Logarithmic.

& X'Pert Epitaxy and Smoothfit - [SiGe.d00]

=] 'x
i File Edit Peaks Results Sample Simulate Wafer Map View Customize Window Help a x
@[ @ B g a7 |t | o [t 1in e flg | 10 on o | a [se0 i o]
W — sGedo
ICB20. Omega 34.43000  Phi0.00 X 0.00
ooo 2Thets 8912900 Psi037 0.0
countsss
T
1Mo }
100K~ ‘
10K ‘
|
100 ‘
10+
‘,
a1
-4000 3000 -2000 -1000 1000 2000 3000 4000
Omega/2T heta ()
Sample Simiaton | Convoluion | Fiting | Fi Settngs | a
Max.intensy (cps): | 50000000 Omega substrte (): | 3166828 O |
Substrate bkl 004 Start i) Taas2s [ 279364 Fit
Layer b T Eder 151655 | a7k
I™ Highncdence Step 6 08 =
No. of points: 2649
Ui Stted S Vs | s Sgpemt Vs |
Open Settings..
ot | ]

Zinc-Blende.s00

Figure 6-10: The Measured Data with the Simulation and Fit Pane

To make the first simulation:

*  Click on the _Use Selecied Sean Veees | button,

®  (Click on the __Simulate |button.

The simulated curve is shown as a temporary file (file name ends in #) as shown in
Figure 6-11. The simulated curve has not been convoluted with a monochromator
and the background count was set at zero (see defaults set in Figure 6-8).

If you checked “View-mismatch plot” for the previous example you may need to
uncheck it for this example.
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& X'Pert Epitaxy and Smoothfit - [SiGe4.200]
T File Edit Peaks Results Sample Simulate WaferMap View Customize Window Help BEE]
@[ [ & B a5l o o ftes | Vinmt[log |5 o | g [secom ot |

Main Omega 9 =-107283223  2Thela (1) = 214563545 221
Fieference Omegal] = 107991650 2Theta 1) = 215338009 73
Separalion  Omegals) = 215280777 2Thela )= 430561550 countsés= 221
W — stedn
820 Ormega 3443000 PHin 00 X000
ooo 2Thela 6312300 Psi0.37 Yoo W — siGedzoos
counts/s

T
|
|
100K+ |
10k |
|
1| |
oy my
1004 il

Yl M

|

|

4600 3800 2600 1000 100 2600 300 400
Omegar2Theta s)
A
Sample  Simulation | Convolution | Fiting | Fi:Settings | =
[ S
Max. néensly (ps): | S0000000  Omega subsirae () | 3456325 e |
Substrate i 007 Sat ) 3257 | meeras Fit
Layer i T Ed) R
I gninerce a0 - L& |-
No. o poits: 7%
Use Selected Scan Vaues | Use Suggested Values |
Open Seltings.
savesatings. |
sices.s00

Figure 6-11: First Simulation Displayed with Measured Curve

To add instrumental effects:

®  Select the “Convolution” tab of the “Simulation and Fit” pane.

®  Use the drop-down list box to set the monochromator as “Ge(220) asym 4-
Crystal”.

®  Enter 12 in the “Background (cps)” field.
®  Enter 2 in the “Intensity Multiplier” field.

®  (Click the _ Smulate |button.

The simulated curve now matches the measured curve better but the peaks due to
the SiGe layers are not well matched.

To edit the sample:

®  Select the “Sample” tab of the “Simulation and Fit” pane.
®  Use the drop-down list box to select “Layer 2 Single Diamond SiGe”.

®  Enter 0.98 for the Si concentration for the A site.

®  (Click the __ Simulats |button.
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Figure 6-12: A Small Improvement in Fit after Changing Layer 2

Figure 6-12 shows that there is a small improvement in the fit. This change in the
sample can be saved:

6.4

Select Sample - Edit Sample.

Clle on Save As.. |

In the Sample File “Save As..” window enter “My SiGe”.

Click to save.
Click to close the “Sample Edit” window.
Select File - Close and then click on __% | to close without saving.

Fitting Using the Simulate and Fit Pane

Further improvements could be made by editing the sample tab. However at this
point we will demonstrate how automatic fitting can be used to achieve a match
between the measured and simulated curve. Data is provided for three samples:

A SiGe HBT structure with two discrete SiGe layers (as used in Section
6.3)

A SiGe HBT structure with a graded SiGe layer
A GaN/GalnN superlattice on a sapphire substrate.
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6.4.1 A SiGe HBT Structure With Two Discrete SiGe Layers
The procedure is described in four parts:
1. Opening the measured scan, sample file and settings file.
2. Understanding the tabs used during fitting.
3. Saving the sample file.
4. Printing out the results.
To open all the files:
®  Select File - Open.
®  Select the file SiGe.d00.
®  Select Sample - Open Sample.
®  Select the file SiGe4.s00.
® (Click to open the file.
*  Click on the Oeensetnzs..| button on the “Simulate and Fit” pane.
®  Select the file SiGe4.fit.

® (Click to open the file.

SiGe4.s00 and SiGe4.fit contain all the information required for successful
automatic fitting. Before starting to fit we will look at the information provided.

To see the information from SiGe4.s00:
®  Select the “Fitting” tab of the “Simulate and Fit” pane.

Sample | Smuiation | Convolaion Fitng | Fit Settings |

No._[Adjust [Paramel Type Inifial valus
ayer 1: Single - S/ Compostion
ayer 1: Single - 5161 Thickness
ayer 2 Single - 5i6/| Compostion
ayer 2: Single - SiG1 Thickness
ayer 3 Single =51 _|Stiain

ayer 3 Single 51| Thickness

cps) | Convolution

Intensity multiplier | Convolution
’ﬁuse scattering wi| Convolution
[Difuse scatering he | Corrvolution

= = =1 € =) ) )

Figure 6-13: The Fitting Tab
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Figure 6-13 shows the tab. This displays all the sample and convolution parameters
that can be adjusted during fitting. All the tick boxes in the “Adjust” column should
be checked. The “Initial value” of each parameter is from the original sample
information (Figure 6-7). The start and final increments were saved in the sample
file (SiGe4.s00) with the layer information. If this had not been done the increments
would have been taken from the “Fitting” tab of Customize - Defaults. The initial
values should be large enough to change the rocking curve significantly, while the
final values should be just below the smallest observable change for the measured
scan step size. More information is given in the X'Pert Epitaxy Help file. Whenever
you edit the “Fitting” tab you can save the changes in the sample file by selecting
Sample - Edit Sample, followed by Overwrite or Save as.... The convolution
parameters are saved in the xxx.fit file. This can be updated at any time by clicking

on Save Settings... .

®  Then select the “Fit Settings” tab of the “Simulate and Fit” pane

Sample | Simuiation | Comvoiution | Fing Fit Settings |
Fit scans tor Mgorthm Smoothing data points

USSP C The highest peak— JR3 Parameters Agorthm Stating number 5 j
corfidence =
Simulated | The substrate peck_+ Reduction step Cers|
- High Smoothfit -
Composition adjustment -
- Average More
% Keep ratio of fractions 2.and 3 canstant .
€ Keep fraction 2 constant - Low

Convert graded layers to a set of single layers

Figure 6-14: The Fit Settings Tab

Figure 6-14 shows the tab. This displays all the parameters used for fitting. More
information is given in the X'Pert Epitaxy Help file. Whenever you edit the “Fit

Settings” tab you can save the changes in the fit file by clicking on _SavSettings.. |,
To select the fitting algorithm:

® Inthe “Algorithm” frame use the drop-down menu to select “Smoothfit”.

®  (Click on the Mare... | button and ensure that the “Target Function:
value is 1e%%* and then press [ o |

® Inthe “Smoothing datapoints” frame change the starting number to 25 and
the reduction step to 20.

To perform the fit:
®  Select Peaks - Automated Peak Search and press [ o |

®  Click on the A button.
®* [Ifamessage saying “!Lower limit should be smaller than upper limit”

appears, press 0K |
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Click on the “Fitting” tab, the limit(s) in question will be highlighted:

Sample | Simuation | Comvoluion Fiting | Fit Setiings |

No._[Aduust [Parame Tupe: Iritial value
! -
| §

0.00030]

Change the values for row 5 so that they are non-zero, for example: “Initial

value” = 10, “Start increment” = 50, “Final increment” = 1, “Lower limit”
=-500, “Upper limit” = 500.

®* Click A again.

# X'Pert Epitaxy and Smoothfit - [SiGe.d00]

fiu File Edit Peaks Results Sample Simulate Wafer Map View Customize Window Help

-8 %
(@65 [ & ® s a7 oo | ve o o 1in o fiog o |50 o o [ 89 [seo o]

Main Omegals)=-07287668  2Theta[s) =-Z14560437  counts/s= 234
Reference  Omepals)= 107992322 2Thelals)= 215999663 counts/s= 73
Separaion  Omegals)= 215280000 2Theta [s) = 430560000 counts/s= 221

l. — SiGed
820 (Imega 3449000 P 000 %000
000 2Theta 6312300 Psi0.37 v000 W — smosthed
counts/s W siGedzl
I
M ‘
100K |
10c] |
1Ko |
1004 M
10+ }
" |
0 |
4000 3000 2000 1000 1] 1000 2000 3000 4000
Omega/2Theta 5]

Sample | Simulation | Convolution | Fiting | Fit Settings ~Fit Pt

i val Simlate

valse Best ftvalue:  0.185918

Current vae: 0.195977
Heratons: 10

0z

b |

0.05. DDen Setings.
1 2z H i H & 7 H H eraton | Save Seings..
|SiGe4.s00 |Smoothing loop 2 of 2 |Parameters being varied: 10 \nu 00:13

Figure 6-15: The Fit Plot Tab Viewed Whilst Fitting

During fitting, only two curves are displayed in the graphics area. These are the
smoothed measured curve and the current simulated curve. The progress of the
fitting is indicated at the right hand end of the status line.

At the end of the fitting the final simulated curve is displayed together with the
measured scan. Any scans which were previously loaded in the same window will
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also be shown. A message saying “!Fitting has finished. Save or update fitting
results via “Fitting tab of “Simulate and Fit” tab” should appear.

* Press|_o |
® Look in the “Fitting” tab to see if any cells are highlighted.

Sample | Simulation | Corwchsion Fiting | FitSetings |

No. [Adust [Paramete Type Iritial vaue Cureni valus Statincrement | Final ncrement | Lower it
1] A |Layes 1: Singhe - S| Composition 030000 004500 0.00090
[ |Layes 1: Singhe - 5iGr| T hickness. 0.00002]
aye1 2 Single - 5G| Ceenposition 0.000%
| 4 © |Lopes 2 Singie-5ian Thickness 00000z
& |Layes 3 Singe-5i | Sirain 0.00]
4 |Layes 3 Single -5i | Thickness 000003
stion 00100
8 & multipher | Cemvolubion 0.01000]
9 & |Diffu i ution 4.0000
10 Difhy ir ibion 4.0000]

®  Change the “Lower limits” for rows 9 and 10 to 300.

®* Click L again.

NOTE: Ifyou get the message “required peak is not available” make sure that
the measured scan is selected by clicking on the measured data file
name in the upper right corner of the graphics pane. If there is no peak
marked on the data file, run through section from the beginning to
enable “Automatic peak label”. Or else you can manually label the
substrate peak (see the Help text for more details).

® At the end of the fitting look once again at the “Fitting” tab to make sure
that none of the limits have been reached.

If any have been reached, change the limits, click L again.

NOTE:  Some of the values are highlighted when they are close to but not equal
to the limit, in this case they do not need to be changed.

® At the end of the fitting when no limits have been reached, right-click in
the “Fitting” pane, select “Update sample” and answer the resulting

question by pressing [ ] Right-click in the “Fitting pane and select
“Update convolution parameters”.

®  Press Seesetnes. | and save these settings as “My SiGe4”.

®* Aslong as “Always save simulated scans” was selected at Customize -
Defaults - Simulation and Convolution the sample file will be saved.
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6.4.2 A SiGe HBT Structure with a Graded SiGe Layer

This example uses the sample structure shown in Figure 5-1 for which a sample file
was created in Section 5.2. To demonstrate automatic fitting with for this sample
three files are supplied:

SiGe grad.x00 which is a measured 004 rocking curve

SiGe grad4.s00 which is a sample file describing the intended layer struc-
ture

SiGe grad4.fit which contains all the information about simulation and fit-
ting parameters

The procedure for fitting is described in four parts:
Opening the input files.

1.

2. Fitting as a graded layer.

3. Treating the graded layer as a series of separate layers.

4. Printing out the results and saving files for fitting similar samples.
To open the three files required for this example:

®  Select File - Open.

®  Select the file SiGe grad.x00.

®  Click Open.

®  Select Sample - Open Sample.

®  Select the file “SiGe grad4.s00”.

*  Click and then %],

®  Select Simulate - Simulate and Fit (you may need to drag the splitter bar
up in order to see all the buttons).

*  Click the OeenSetinss. | button.

®  Select “SiGe grad4.fit”.
*  Click [oeen |
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# X'Pert Epitaxy and Smoothfit - [SiGe grad.x00]
Y File Edit Peaks Results Sample Simulate Wafer Map View Customize Window Help BEE
@5 | &8 B A 5w e o o[ on o [t o oo | oo o]

Main Omega(e)- 133345157 couns/s= 1034
Felerence  Omegals)= 16678757 counts/s= 2290
Separsion _ Omegals)- 116666400 counts/s= 1256
B — sGega
3340119 Omega 34933 PROOD %000
004 MhelaBIZEF00 i 030 Yom
counts/s
- |
|
10K |
14 |
004 |
o] ‘
b |
o T
%00 2000 EET) 100 50 0 500 1
Omea ()
Sample  Simulation | Convoluton | Fiting | Fit Setings |
—a Simate
Max.irtensiy cps): | 150000000  Omega subsiate () | 3456325 —’I
Substrate K 007 Sangl N
Layer - Tl
I High incidence Step (5) =0 e |
No. of pots: Ell
Use Selected Scan Values | Use Suggested Values |
[Brsaine]
Save Setings. | ™

|SiGe grad4.s00

Figure 6-16 : The Display after Loading the Three Files

The display should appear as in Figure 6-16 - if necessary use the View menu to set
logarithmic scaling.

®  The peaks are automatically marked if “Automatic peak marking upon

opening measured scan” has been checked in Customize - Defaults -
Automatic peak search and label parameters.

®  The sample and settings files you have loaded contain all the information
to fit the sample as a linearly graded layer.

®  Click on the “Fitting” tab and uncheck “Adjust” for item 4 which is the
layer 2, Single Si, Strain.

Sample | Smulation | Convolution Fiting | Ft Settngs |

Ho. [t |Paramet Type Initial value Curent value [Start increment_[Final increment [ Lower fimit Upper lmit
Layer 1: Graded - To| Compostion 0.00050 0.00001 0.00450)
Laer 1: Graded - Bo| Composition 0.01800 0162001
Layer 1: Graded - Ge|Thickness 0.00570 0.04275
T3 Layer 2 Single - Si_|Strain (i) [ili]
Layer 2 Single - 51| Thickness 0.00060 0.06000
cps] | Convelution 0755 604
riensily muliplisr | Convolution 0.0100, 0.0,
8 [ |Diffuse scaltering wi Convalution 5 856, 4885
5| [ | Diffuse scattering he | Convalution 13.412) 1073.0)
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® Inthe “Fit Settings” tab, make sure that the “Smoothfit algorithm has been
selected.

To start the fit:

®  (Click on the il button.

® At the end of fitting zoom in on the measured curve to examine the fit.

633401419 Omega 3293333 Phin00 X000 =)
004 2Theta69.85700  Psi-0.30 ¥ 0.00

counts/s

\

M- ‘
\

100K~ |
\

\

10K~

T T | I

1500 1000 500 0 500

Ormega (s)

| o
Figure 6-17: Zoomed View of the Measured Scan after Fitting to a Graded
Layer

Figure 6-17 shows the fit achieved. It is not particularly good. This may be because
the variation of Ge concentration with depth in the layer is not linear as we have
assumed in our sample file. We will now see if we can achieve an improved fit
allowing the Ge gradient to change. In the sample file the graded is defined as
having 5 steps. We will now treat the SiGe layer as five discrete layers starting with
a linear composition gradient.

To fit the SiGe layer as five discrete layers:
®  Click on the “Fit Settings” tab.

L4 Click on the Convert graded layers to a set of single layers | button.
® C(Click to confirm you want the conversion.
®  Click on the “Fittings” tab to view the five separate layers.

®  Remove the checks from the check boxes on lines 4, 6 and 8 as shown in

Figure 6-18. Note that the layer strain that was formerly item 4 has
become item 11 and should remain unchecked.

®  C(Click the il button.
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®* Ifyou get a message saying “!Lower limit should be smaller than initial
value”, press [ | Then adjust the highlighted values accordingly
and press the A button again.

® Ifnecessary, continue making changes and pressing the bl button
until the fitting starts.

Sample | Smulation | Convoluion  Feting | i Settings | Fit Pt |

No._|Adist | Paramet Tope Initial value Current value Startincremet Final inciems Lawer fimit Uppet limit

1 Layer 1 Single - Ge<| Composition 0.00500)
Layer 1: Single - Ge€| Thickness 017775,
Layer 2 Single - Get| Composition 0.04567|
[0 |Layer 2 Single - Ge€|Thickness [
Layer 3 Single - Ge€| Composition 0.03400)
[ |Layer 3 Single - Ge€|Thickness 755
Layer 4 Single - Ge<[Compasition 0.3

3 [ iLayer 4 Single - Ge€| Thickness 7027

Layer 5 Single - Ge€| Composition 1341.2
Layer 5 Single - Ge€| Thickness
O [Layer6: Single- 5i [Stiain

2 Layer 6 Single - 51| Thickness 0.00020]

3 dlcps) | Convolution

4 ntensity muliplier | Canvolution 0,010

N Diffuse seattering wi| Convalution 585.6]
16! Diffuse seattering he | Canvalutian 13412 13.412] 1073.0]

Figure 6-18: The Fitting Tab after Converting the Graded Layer to Five
Layers

Originally there were 12 adjustable parameters for the SiGe layers. We
have now reduced this to 8 to decrease the fitting time. These 8 parameters
allow sufficient flexibility to model the lattice parameter variation. Figure
6-19 shows a zoomed view of the final fit which is a significant improve-
ment on the fit shown in Figure 6-17.

B33401 /19 Omega 3493333 Phi000 X000
aod

2Thela 6986700 Psi-0.30 Y000
counts/s
\
1M }
\
100K |
\
10K ‘
1K |
\
100 |
\
|
1200 1000 500 500 40 200 200 40 600
Omegals)
<} |

Figure 6-19: Zoomed View of the Measured Scan after Converting the
Graded Layer to Five Layers
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If you had several similar samples to fit you can save the sample and settings file
now so that the they can immediately be analyzed as using seven parameters to fit
the five discrete SiGe layers.

To print out the results shown in Figure 6-17 and save the sample and settings files:
®  Select File - Print.

*  Click o]
®  Select the “Fitting” tab.

®  When the mouse pointer is on the “Fitting” tab, click the right mouse
button to display the pop-up menu.

®  Select Update Sample.

®  Confirm you wish to save the sample by clicking - it will be
saved as “SiGe grad4.s01”.

*  Click on the SaveSetnes..| button (you may need to drag the splitter bar up in
order to see all the buttons).

®  Enter “SiGe gradx54” as the file name.

e Click == |

6.4.3 A GaN/GalnN Superlattice on a Sapphire Substrate

This example uses the sample structure shown in Figure 5-10 for which a sample
file was created in 5.4. To demonstrate automatic fitting with for this sample three
files are supplied:

GaN.d00 which is a measured rocking curve
GaN4.s00 which is a sample file describing the intended layer structure

GaN4.fit which contains all the information about simulation and fitting
parameters.

The procedure for fitting is described in three parts:
1. Opening the input files.

2. Fitting.

3. Printing out the results and saving files for fitting similar samples.
To open the three files required for this example:

®  Select File - Open.

Page 6-23



X'Pert Epitaxy Quick Start Guide

®  Select the file GaN.d00.

e Click [

®  Select Sample - Open Sample.

®  Select the file GaN.s00.

e Click [

®  Select Simulate - Simulate and Fit.
®  Click the Beensetings.. | Button.

®  Select GaN4 fit.

e Click [

®  Click on the “Fit Settings” tab.

# X'Pert Epitaxy and Smoothfit - [GaN.d00]

Y File Edit Peaks Results Sample Simulate WaferMap View Customize Window Help BEE)
[S15 (8 ® 44 & [s0 |52 6 [[ia |10 o i1 [ oo 0 ] 35 [soor ot
Mair Omega [5) = -1800.91324 2Theta [5) = -3602.43038 countsss = 2

in
Refeience  Omegals)= 179908676 ZThela[s)= 359750802  counts/e= 1
Separaion  Omegals)= 360000000 2Theta [5) = 720000000 counts/s= 1

W — Gadn

Sample | Simulstion | Convolution | Feing P Seftings | a
Ft Agor Simulale

Parameters Agorthm Stating rumber | 15 =

confdence Reduction step |16 =] _n |

- Hgh Smorfe

Compostion adustnent . — e |
Keep raio o frations 2and 3 contart | e M|
e < Low

Convert graded layers to a set of single layers
S S et

Gatia.s00

Figure 6-20: The Display with Fit Settings Tab after Having Loaded the
Three Files
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The display will be as in Figure 6-20. In this case the first layer peak of the simulated
scan is being matched to the highest peak of the measured scan. This is because the
sapphire peak is beyond the range of the measured scan. For this example we are
using a sample file with a total link. To view information about the link:

®  Click on the “Sample” tab.

®  Click on the __Linking |button.

You will see the Layer Linking window shown in Figure 6-21. There is a total link
between the two layers of the superlattice. This has been done because it was
possible to get a good estimate of the period (the combined thickness of the two
layers) from the satellite peak positions. In the sample file GaN4.s00 the period was
made equal to the estimated period and we do not wish this to change during fitting.

# Layer Linking

No. | Laper description Parameter Standard link group Total link group

1|Layer 1: Single - Ga M Thickness

2|Layer 2: Single - Ga M Thickness

3| Layer 3.0: 5L Single - [Site A) InG| Composition

4| Layer 3.0: 5L Single - InGa M Thickness 5
B|Layer 3.1: 5L Single - Ga M Thickness 4
B|Layer 4: Single - Ga M Thickness

Standard Link | Totallink | Unink | 0K | Cancel | Hep |

Figure 6-21: The Layer Linking Window for Sample GaN4.s00

To start fitting:
®  Close the “Layer Linking” window by clicking on the button.

®  (Click on the Fi | button.

®  When fitting is finished click on the “Fitting” tab.
®  Look for the highlighted cells.
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Change the limits on the highlighted cell so that they are no longer equal to
the current value. For example:

Sample | Simulation | Convolution Fiting | it Settings | Fi Plot |

Ho._|Adst |Parameter Tupe Initial value Current valus Start increm
ayer 1: Single - Ga | Thickness 02500
ayer 2: Single - Ga || Thickness 50000
ayer 3.0 5L Single | Composition 11700
2yer 3.0; 5L Single | Thickness (L]
ayer 3.1 5L Single | Thickness
ayer 4: Single - Ga || Thickness 0.05001 0.00050)
(cps] | Convolution 1
8 O |Intensity mulipiier | Cornvolution 1.0
I ’Wusascatenngwu Convolution 100,
| 10] O |Diffuse scattering he | Convalution 10
®  Click on the | button.
L]

repeat the previous steps until no limits are reached.

T Eile Edit Peaks Results Sample Simulate WaferMap View Customize Window Help

@[ (@B s a7 s e | oo o [fter [Tin st [log e [0 o o | e [see i ot |

in Oreqa (5] = 180091324 2Theta(<)=-360249098  counts/s= 2
Reference  Omegals] = 1790.08676  2Thelals]= 359750902 counts/s= 1
Separation  (Omega ls) = 0000000 2Thelals]= 720000000 counts/s= 1

e Omega 1760100 PRiZ40.10 %000
006 2Theta 3453750 Psi0.00 Y000 W — cauzom
counts/s
I
100K+ }
0K |
1Ko |
0] }
10 |
St "y L
" ORI St i
0 | |
6000 4000 2000 [ 2000 400

6000
Omega/2Theta 5]

Gal.an0

‘Sample | Simuiation | Convolution Fitting | Fit Settings | Fit Plot |

o Tipe Tritl value M
ayer 1: Single - Ga | Thickness [ nzsnn
ayer 2 Single - G| Thickness
ayer 30, 5L Single | Composiion o o 2 o o
aper 30 5L Single | Thickness Ah“"
aper 31: 5L Singls | Thickness - " —~r 1|
ayer & Single - Ga| Thickness
& EzEis 15 15 Gors[ ooors] 12 i
£ iensiy mlpler [ Convobiion
1] Difuse scatiod Opensetings |
00 [0
Save Setings |

Gati4.00

Figure 6-22: Final Fit for GaN Sample Displayed with the Best Sample

Data Tab

To print out the results shown in Figure 6-22 and save the sample file:

Select File - Print.

Click [_o«_].
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®  Move the mouse pointer into the “Fitting” tab.
®  Click the right mouse button to display the pop-up menu.
®  Select Update Sample.

®  Confirm you wish to save the sample by clicking - it will be
saved as GaN4.s01.

6.5 Using Simulating and Fitting with your
Own Data

If you plan to use the simulation and fit pane to simulate or fit your own data you
may find it useful to make use of the grippers to set the simulation and fit range. The
behavior of these grippers depends upon the entries in the “Fit scans to:” frame of
the “Fit Settings” tab, the substrate offcut and whether the graphics are displayed as
relative seconds or degrees. More information is given in the help file.

If you wish to use the grippers you are advised to use relative seconds scaling and
check that the “X centre point:” is set at “Fit Position”. This is set by selecting View
- Axes as shown in Figure 6-23.

View Axes

& Automatically defined
 Manually defined

Minimum » walue: I—BDDD
I awirnum = walue: I—BDDD
Minimum y walue: I—D‘I
b awimurn p value: l—‘|e+DDB
* centre point: lm
’TI Cancel | Help |

Figure 6-23: Setting the X Centre Point when using Relative Seconds

If you prefer to work in degrees you should be aware that the measured and
simulated scans will never overlap in the graph unless the substrate offcut angle set
in the sample file is equal to the value for the measured scan. The Fit Parameter will
be calculated for the situation where the two peaks indicated in the “Fit scans to:”
frame of the “Fit Settings” tab are superimposed, regardless of how they are plotted
in the graph.
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6.6 Fitting Using Other Algorithms

* Ifyou wish to try fitting using the other algorithms the procedure is similar

to that given in section 6.4. However, prior to clicking on the bl
button, select the algorithm that you wish to use; either by using the slider
or the drop-down menu in the “Algorithm” frame of the “Fit Settings” tab.

Algorithm

Parameters Algorithm
confidence

= High -

- Average Moare...

Low

Input optimization parameters for the selected algorithm can be edited by

clicking on the More... button.

For information about the algorithms and their optimization parameters
refer to the help file and the references therein.
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Chapter 7.

Determining Composition &
Relaxation from Rocking Curves
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This chapter demonstrates how to determine the composition and percentage
relaxation of a layer from four rocking curves. Four curves are supplied from a
gallium indium arsenide (Gal-xInxAs) layer on a (001) GaAs substrate:

GalnAs004a.d00 GalnAs004b.d00
GalnAs224a.d00 GalnAs224b.d00

These files can all be found in the folder: “C:\Program Files\PANalytical\X'Pert
Epitaxy\Examples”.

The rocking curves are for 004 and 224 reflections with the [110] direction
horizontal with Phi = 90 (for scans with file names ending in A) and Phi = -90 (for
scans with file names ending in B). All four rocking curves show two peaks - the
weaker peak is from the layer in all curves.

The four scans provided are the optimum set required to calculate relaxation from
rocking curves. They are two symmetrical reflections, measured before and after a
180 rotation in Phi. There are two rocking curves using the same asymmetrical
reflection, one with low angle of incidence and one with high angle of incidence and
phi rotated by 180. Information about the approximations involved in using fewer
rocking curves is given in the Help Topic “Using Results - Mismatch and
Relaxation.”

The procedure described in this chapter is available for diamond, zinc blende and
wurtzite structures. It cannot be used for wurtzite layers on sapphire or silicon
carbide substrates.

Section 7.2 describes the procedure in three parts:

1. Setting the default sample, plot and peak search criteria.

2. Opening the data files.

3. Displaying and printing.
Section 7.3 provides some information on additional steps which may be necessary
when you analyze your own data:

1. What to do if the hkl values are not included in the scan data.

2. How to use an existing sample file.

3. Calculating the composition for quaternary layers.

4

Using the results to update the sample file.
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7.2 The Procedure

To begin:
®  Start X'Pert Epitaxy.

7.2.1 Setting the Defaults
Now we will set all the defaults we require:
®  Select Customize - Defaults.
First we will set the default sample:
®  Click on the “Sample Data” Tab.

®  Use the drop-down list box to set the “Default substrate structure” to Zinc
Blende.

®  In the “Substrate” branch of the tree view on the left of the tab, highlight
the Zinc Blende.

®  For “Site A” set the number of elements as 1.
® Set Element 1 as Ga.
®  For “Site B” set the number of elements as 1.
® SetElement 1 as As.

® Inthe lower part of the tab enter 0 0 4 (O=zero<space>0<space>4) for the

“Simulation HKL”; 0 0 1 for the “Primary HKL”; 600 microns for the
“Thickness” and 0.0 for the “Off cut angle”.

®  Use the drop-down list box to set the “Layer Structure” to Zinc Blende.
¢ Inthe “Layer” branch of the tree view highlight the Zinc Blende.

®  For “Site A” set the number of elements as 2.

®  Set FElement 1 as Ga; Element 2 as In.

®  For “Site B” set the number of elements as 1.

® SetElement 1 as As.

®  Enter 0 0 4 for the “Simulation HKL”.

®  Enter 0.1 micron for the “Thickness” of the layer.
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Application Defaults

Automatic Peak Search and Label Parameters I Q) scan/Area scan ru Value Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting I Wafer Map and Peak Labels Sample Data | Levels
Default substrate structure: Ich Blende ;I

-~ Site A
[=I- Substrate
.\ L. Zinc Blende No. of elements: |2 vl
- Diamond
- Wurtzite Element: 1: IGa ;I 2: IIn ;I 3: I ;I
- Sapphire o —
- SCEH Fraction: I 06764 I 0.3236 I

. - SiC4H

— Site B

=) Layer :

Mo. of elements: I‘I - l
- Diamond
- Wurtzite Element: 1 Iﬂs ;I 2 I ;I it I ;I
Fraction: I 1 I I
Simulation HKL: ID 04
Thickness {um}: I 01

0K | Cacel | Hep |
Figure 7-1: Default Sample Data tab after editing the Layer

The Sample Data tab after editing the default layer is shown in Figure 7-1.
Then we set the default peak search parameters:
®  Click on the “Automatic Peak Search and Label Parameters” Tab.
®  In the “Peak search parameters” frame:

Select the radio button for “Automatic search window size”.

Enter 500 for the “Minimum detection level:” - this is set just above the
background level.

Select the radio button for “Set peak to Gaussian”.

® In the “Label parameters” frame:
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Select “2S-L” for “Peaks to Label” and “S peak has higher intensity” in
the “Label Parameters” frame.

¢ In the “Automatic Peak Marking on Opening” frame:

Select (check the boxes) for “Measured scans:” “Peak positions”, and
“Peak labels”.

Application Defaults

Configuration Files | Simulation and Convolution | Fitting I Wafer Map and Peak Labels I Sample Data I Levels I

Automatic Peak Search and Label Parameters | Q scan/Area scan fu Value I Scan Treatment Options
— Peak search — Label
& Automatic search window size Peaks to label:
" Manually set search window size 15
Wwindow size:; I 4 (5-L}-F-F
3 SuperLattice(S-L}-F
Minimum detection I 500
level:
(% Set peak to Gaussian Substrate/layer labelling criteria:
" Set peak to madmum intensity Speak has higher intensity
L-peak has higher intensity
- S-peak is at higher angle
Area scan peak search parameters Lpeak is at higher angle
" Set peak to maximum intensity S-peak is wider
' Set peak to centroid Lpeak is wider

— Automatic Peak Marking on Opening
Measured Scans: ¥ Peak posttions I’
Simulated Scans: | Peak postions

0K | Cacel | Hep |

Figure 7-2: The Peak Labeling Parameters After Setting
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from Rocking Curves

The Automatic Peak Search and Label Parameters tab is shown in Figure 7-2 with
these peak labeling parameters set. Peaks will be found and labelled in each
measured scan as it is loaded.

®* Click to save the default values.
Now set the plot options:
®  Select Customize - Single Scan Options.

®  Select the radio button for “Relative Second plot” as the Default X-scaling
type.

®  Select the radio button for “Logarithmic” as the Default Y-scaling type.

®  Select the radio button for “Automatically defined” as the Axis Labels.

®  Select the radio button for “Highest Peak” for defining how to Set seconds
plotted relative to.

Single Scan Plot Options

- Default - scaling tppe———————— [~ Default Y- scaling type
" Degree plot  Linear
' Relative seconds plot " Square root
& Logarithmic
Az label - Set seconds plotted relative to—
& Automatically defined @ Highest peak
 Manually defined " Substrate peak
* awis label: IAngIe[“] " Sean star
S " Centre angle
avis label: I
et © Fit position
QK I Cancel | Help |

Figure 7-3: Single Scan Plot Options Window for this Example

The Single Scan Plot Options Window is shown in Figure 7-3.

®  Press .
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7.2.2

Opening the Data Files

To open the measured scan files:

7.2.3

Select File - Open.

Use the drop-down list in the “Look in:” box at the top of the “File Open”
window to select the folder “C:\Program Files\PANalytical\X'Pert
Epitaxy\Examples”.

Select the four files GaInAs004a.d00, GaInAs004b.d00, GalnAs224a.d00
and GalnAs224b.d00 - hold down the Ctrl key and click on each file.

Click [_oeen_].

Displaying and Printing Results

Select Results - Mismatch and Relaxation - you may need to pull up the
splitter bar at the bottom of the graphics area to display the full results
pane.

The four measured rocking curves plus the calculated relaxation and composition of
the layer are now displayed as in Figure 7-4. Relaxation and composition can be
calculated from three curves (omitting any one of the four) or two curves (which
must include one asymmetrical scan). You can alter the check marks beside the scan
names to see the effect of using different combinations of scans.
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from Rocking Curves

# X'Pert Epitaxy and Smoothfit - [GalnAs224b.d00]
Y File Edit Peaks Results Sample Simulate Wafer Map View Customize Window Help
& & B a7 [asan [0z o [[tos | 1in e [log [ o o [ e [secon ot

Main Omegs (¢)=-156960000  2Theta (5] =-3063.00400  counts/s= 68
Refeience  Omegals)= 155250000 2Thetals= 317619600  counts/s= 24
Separaion  Omegals)= 312210000 2Thetals]= B24420000  courts/s= 44

W — Gahsiiadi
Galnts on Gaks OmegaB17400  Phi 9000 %000
224 Mheta 8IEH00 Psi-075 Yoo W — Gal0nbd0
counls/s W — Galsz4adi
T W — Galszzebd
00K |
o] }
- |
100 |
104
1
14 |
o |
5000 a0 a0 2600 1000 0 1000 2000 3000 4000 5000
Omega/2Theta s)

Relacaion fom single scans
Bulk mismatch (ppm}: 12124 Compasition:  GaD.8309In0.16314s
Parale mismatch ppr. 10776 Relsiaion 7} 889
I Cabuiae the sie B composiion Substate  Subsiate  Omega
W Omegsl}  2Thela(}  Sepasion()  PH()

Seanl W [GanasiDdaddd v| 004 3303534 EEO7063 04360 9000000
Soan2 W [GanasiDibdDd -] 004 325306 ESIGE 04840 9000000
Seand W [Galnaszz4addd <] 224 7ruEN 8347352 055538 9000000
Scand W [Gands22hd00 v| 224 617703 835005 070485 9000000
Layer 1, None, Zinc Blende, thick = 0.100000 um, G.30.676Hn0. 323645 =1

Zinc-Blende.s00

Figure 7-4: The Four Measured Scans Displayed with the Relaxation and
Composition on the Results Pane

To print out the graphics plus the results pane:

®  Select File -Print.

®  Select the Printer you wish to use.

If necessary use “Properties” to change the paper orientation or print
quality.

*  Click o |
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7.3 Analyzing Your Own Data

Section 7.2 demonstrated how the composition and relaxation could be calculated
from four rocking curves using the default sample structure. This section describes
some additional actions which may be required when analyzing your own data.
Section 7.3.1 describes how to edit the HKL parameters not correctly entered during
data collection. Section 7.3.2 describes how to use an existing sample file instead of
the default sample. Section 7.3.3 describes your options when you have a sample
with more elements. Section 7.3.4 describes how to use the results to update a
sample file.

7.3.1 Editing HKL Values

The mismatch, composition and relaxation calculations require the HKL values for
each of the curves used in the analysis. If your scan data does not include the correct
HKL information, you can use the edit menu to provide the required information:

®  Open all the files you wish to use with File - Open.

®  For each scan which does not contain the correct HKL information.

- Select the scan by clicking on its name in the legend area - the scan
name will be surrounded by a box.

- Select Edit - Scan Information.
- Enter the required HKL in the Substrate hkl field as:
<H><space><K><space><L> in the window (see Figure 7-5).

- Click [_o_].

Scan Information

Sample identification:

IGaInAs on Gads

Substrate hkl: I 224
Layer hkl: I 224

Phi: I 90.00
Wavelength: I 1.540567
(] 8 I Cancel |

Figure 7-5: Window for Editing the Reflection Used
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from Rocking Curves

When calculating relaxation and composition from rocking curves it is only
necessary to edit the Substrate HKL. The Layer HKL is assumed to be the same.
You can also use Edit - Scan Information to change the Phi value for the scan and
to change the wavelength value used in the calculation. The wavelength value is
normally saved from the X'Pert Data Collector.

7.3.2 How to Use an Existing Sample File

If you have already created a sample file to use with your data you should open the
sample file using Sample - Open Sample after you have loaded all the scan data in a
window using File - Open.

Use the drop-down list box at the bottom of the result pane to choose the correct
layer to use for the relaxation calculation.
7.3.3 Calculating the Composition for Quaternary Layers

If your sample has more than one element on both the A site and the B site you have
the choice of adjusting the A site or the B site. To adjust the B site click on the tick
box “Calculate the site B composition”. The ratio of the second and third elements
will be held constant if there are three elements on the site you have chosen to adjust.

7.3.4 Using the Results to Update the Sample File

You can transfer the values calculated in Results - Mismatch and Relaxation to the
sample file when the results are displayed in the results pane. To do this:

®  Drag the splitter bar upwards so that you can see all of the results pane.
®  Move the mouse pointer into the results pane.

®  Click the right mouse button to display the pop-up menu.

®  Select Update Sample.

®  Select Sample - Edit Layer. At this time you may be asked to select
various options; answer the questions as required.

®  Select Sample - Edit Sample. 1f you press it will overwrite the

original sample, if you click on _3ave#s.. | you can save the sample with a
different name.
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Determining Composition and
Relaxation from Maps
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This chapter demonstrates how to determine the composition and percentage
relaxation of a layer from four diffraction space maps. Four maps are supplied from
a gallium indium arsenide (Ga;_4In,As) layer on a (001) GaAs substrate:

Map004a.a00 Map004b.a00

Map444a.a00 Map444b.a00

These files can all be found in the folder: “C:\Program Files\PANalytical\X'Pert
Epitaxy\Examples”.

All four maps show two peaks - the weaker peak is from the layer in every map. The
set of maps consists of a symmetrical 004 and an asymmetrical 444 reflection
recorded in two orthogonal reciprocal lattice planes which are normal to the
substrate surface. The pair of maps with Phi = 0 have file names ending in a, the pair
of maps with Phi = 90 have file names ending in b.

The four maps provided can be used to calculate the three layer unit cell parameters.
One pair of maps allows the calculation of the unit cell in one reciprocal lattice
plane. The relaxation is assumed to be the same in the orthogonal plane if
composition is calculated from a single pair of maps. Composition and relaxation
can be calculated from a single asymmetrical map. In this case substrate surface
planes are assumed to be parallel to the same planes in the layer in addition to
assuming the relaxation is the same in the orthogonal direction.

The procedure described in this chapter is available for diamond, zinc blende and
wurtzite structures. It cannot be used for wurtzite layers on sapphire or silicon
carbide substrates.

Section 8.2 describes the procedure in three parts:
1. Setting the default sample, peak search criteria and plot options
2. Opening the data files and marking peaks
3. Displaying and printing

Section 8.3 provides additional information for analyzing your own data.
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8.2 The Procedure

To begin:
®  Start X'Pert Epitaxy.

8.2.1 Setting the Defaults
Now we will set all the defaults we require:
®  Select Customize - Defaults.
First we will set the default sample:
®  Click on the “Sample Data” tab.

®  Use the drop-down list box to set the “Default substrate structure” to Zinc
Blende.

® In the “Substrate” branch of the tree view on the left of the tab, highlight
“Zinc Blende”.

®  For “Site A” set the number of elements as 1.
® SetFElement 1 as Ga.
®  For “Site B” set the number of elements as 1.
® SetElement 1 as As.

® In the lower part of the tab enter 0 0 4 (0=zero<space>0<space>4) for the

“Simulation HKL”; 0 0 1 for the “Primary HKL”; 600 microns for the
“Thickness” and 0.0 for the “Off cut angle”.

®  Use the drop-down list box to set the “Layer Structure” to “Zinc Blende”.
® Inthe “Layer” branch of the tree view highlight “Zinc Blende”.

®  For “Site A” set the number of elements as 2.

® SetElement 1 as Ga; Element 2 as In.

®  For “Site B” set the number of elements as 1.

® SetElement 1 as As.

®  Enter 0 0 4 for the “Simulation HKL”.

®  Enter 0.1 micron for the “Thickness” of the layer.

Page 8-4



\/ PANalytical

Chapter 8. Determining Composition and

Relaxation from Maps

The Sample Data tab after editing the default layer is shown in Figure 8-1.

Application Defaults @

Automatic Peak Search and Label Parameters I Q) scan/Area scan ru Value I Scan Treatment Options I
Configuration Files I Simulation and Convolution I Fitting I Wafer Map and Peak Labels Sample Data | Levels

Default substrate structure: Ich Blende ;I
-~ Site A
[=I- Substrate
.\ L. Zinc Blende No. of elements: |2 vl
- Diamond
- Wurtzite Element: 1: IGa ;I 2: IIn ;I 3: I ;I
- Sapphire o —
- SCEH Fraction: I 06764 I 0.3236 I
- SiC 4H Ste B
No. of elements: I‘I - l

Element: 1 Iﬂs ;IZ: I ;I 3 I ;I

Fraction: I 1 I I

Simulation HKL: ID 04
Thickness {um}: I 01

0K | Cancdl | Hep
Figure 8-1: Default Sample Data tab after Editing the Layer

Then we set the default peak search parameters:

Click on the “Automatic Peak Search and Label Parameters” Tab.

Select the “Set peak to Centroid” radio button in the “Area scan peak
search parameters” frame.

Select “2S-L” for “Peaks to Label” and “S peak has higher intensity” in
the “Label Parameters” frame.

Set “Minimum detection level” to “0.0”.

Make sure that the “Peak positon” box is not checked.
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®  Make sure that the “Peak labels” box is not checked.

The Automatic Peak Search and Label Parameters tab is shown in Figure 8-2 with
these options set.

Application Defaults

Configuration Files | Simulation and Convolution | Fitting I Wafer Map and Peak Labels I Sample Data I Levels I

Automatic Peak Search and Label Parameters | Q) scan/Area scan ru Value I Scan Treatment Options
— Peak search — Label
& Automatic search window size Peaks to label:
' Manually set search window size 15

indow size: I 4(5-L-F-F

3 SuperLattice(S-L}-F
Minimum detection lm
level:

% Set peak to Gaussian Substmte;"layer labelling criteria:
" Set peak to maximum intensity

L-peak as hlgher mtensrty
S-peak is at higher angle
L-peak is at higher angle
" Set peak to maximum intensity S-peak is wider

- Area scan peak search parameters ———

' Set peak to centroid Lpeak is wider

— Automatic Peak Marking on Opening
Measured Scans: [ Peak positions I Peak labels
Simulated Scans: | Peak positions

0K | Cancdl | Hep

Figure 8-2: After Setting The Peak Labeling Parameters

® (Click to save the default values.

Now set the plot options:

®  Select Customize - Area Scan Options.
®  Select the “Bitmap (degrees)” radio button as the Plot type.

®  Select the “Automatically defined” radio button for Axis labels.
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®  Select the “Logerithmic” radio button as the Intensity scaling.
®  Check on the “Use Whole Plot Area” option box.
The Area Scan Plot Options Window should be as in Figure 8-3.

Area Scan Options X
— Plot type Aziz label

' Bitmap [Degrees) & Automatically defined

" Contour [Degress)  Manually defined

" Contour [Recip. Space) % axis label: [Bngle 1 (]
' awis label: IAngIe 20

¥ Use whole plot area

- Intengity scaling
 Linear
" Square root
& Logarithmic
 Marual

QK I Cancel | Help |

Figure 8-3: Area Scan Plot Options Window for this Example

® (Click to close the window.

8.2.2 Opening the Data Files

To open the measured scan files:

®  Select File - Open.

®  Use the drop-down list in the “Look in:” box at the top of the “File Open”

window to select the folder “C:\Program Files\PANalytical\X'Pert
Epitaxy\Examples”.

®  Use the drop-down list in the “Files of type” box to choose “Area scan
(*.ann, *.ynn, * xrdml)”.

®  Select the four files Map004a.a00, Map004b.a00, Map444a.a00 and
Map444b.a00 - hold down the Ctrl key and click on each file.

e Click [_oeen_|.
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Now we need to find and label the substrate and layer peaks for each scan:

®  Select Peaks - Semi-Automatic Peak Search.

Mark and label the substrate and layer peaks for all four scans:
®  Double-click on the scan name in the legend area (MAP004A.A00).

®*  Define a rectangle by clicking and dragging around the substrate (right-
hand) peak.

® Release the mouse button and a cross should appear at the peak position.

®* Define a rectangle by clicking and dragging around the layer (left-hand)
peak.

® Release the mouse button and a cross should appear at the peak position.
®  Select Peaks - Automatic Peak Label to label the peaks.

®  Repeat these actions for the remaining three scans (MAP444A.A00,
MAP004B.A00, MAP444B.A00).

®  Select Results - Layer Relaxation - you may need to pull up the splitter bar
at the bottom of the graphics area to display the full results pane.

The results pane after marking & labeling the peaks in all four of the scans is shown
in Figure 8-4. The results value which are displayed depend on whether the “Use
substrate Omega and 2Theta angles calculated from materials data” is checked.
When the box is not checked the Bragg angles are calculated from the 2Theta
positions of the peaks. Otherwise the expected position of the substrate peak is
calculated from the layer lattice parameter stored in the data base and the
wavelength. The layer angles are calculated from substrate peak position and the
measured peak separations.

You can use the radio buttons above the scan names in the results pane to change
the number of scans used in the calculation.
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Relaxation from area scans

Symmetiical scan [Phi -390k | Map00ab.a00

Bulk mismatch (ppm): 6367 Composition:  Ga0l31119In0.088814s

Sl Sl Use substrate Omega and 2Thets
Relazation along Phi - 0 (%} 53 Relsation along Phi - 0 (%) 89 T aigles calouiated rom il ot
Parallel mismatch along Phi - 0 (ppm]: - 2263 Perallel mismatch slong Phi - 80 [ppm} 2453
r Substiate  Subshate  Omega

Use: © 1soan ¢ Zsoans & 4scans bk  Omegal)  2Thets[:  Separation[] Phi[’)

Asymmetical scan (Phi -0 |Mapdddaall 3 444 1588200 14145400  1.04000  0.00000
Symmetrical scan [Phi - 0} Maplida aln | 004 3300000 6E0S200 040800  0.00000
Aspmmetiical scan [Phi - 90) Mapadab 500 Jhd| 444 1592800 14145400 1.04000  90.00000

004 3296800 6606200 0.42000  80.00000
Layer. ‘1, Nore, ZincBlende, thick = 0100000 um, Gal 6764In0 323R4s ﬂ

Figure 8-4: The Results Pane after Marking All of the Peaks

To print out the graphics plus the results pane:
®  Select File -Print.

Select the Printer you wish to use.

If necessary use “Properties” to change the paper orientation or print
quality.

*  Click o< 1]

Section 8.2 demonstrated how the composition and relaxation is calculated from
maps using the default sample structure. Additional steps may be necessary when
you analyze your own data. All the possibilities described for analyzing rocking
curves in Chapter 7 also apply to analyzing maps. Section 7.3.1 describes what you
need to do if the hkl values for the reflection were not stored correctly when the data
was collected. Section 7.3.2 describes how to use an existing sample file. Section
7.3.3 describes the options available for a layer with more than one element on both
the A site and the B site. Section 7.3.4 describes how to update the sample file.

You may wish to select peak positions using the cursors rather than by using Semi-
Automatic Peak Search. To do this for the selected scan:

®  Select View - Reposition Cursors.
®  Drag the main cursor to the peak position.
[ ]

Either press Ctrl + F9 to define the cursor position as the Substrate Peak,
or press Ctrl + F10 to define the cursor position as the Layer Peak.
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Chapter 9. Automating Your Diffraction

Measurements/Analyses

9.1 Introduction

It is possible to automate your analyses either by using the Automatic Processing
Program (APP) supplied as an add-on with the X'Pert Data Collector, Version 2.0,
or by using X'Pert Epitaxy directly from the command line (for example: by
defining a shortcut).

This chapter demonstrates two simple examples using the command line. It is also
possible to use scripts. This is explained in the APP help file.

The first example shows how to automatically print out your scan data immediately
after it has been measured using the X'Pert Data Collector. The second example
shows how to automatically perform the analysis described in Chapter 2.

9.2 Automatic Printing of Scan Data using the
APP

Assume that you are working with the X'Pert Data Collector and you have created
a relative scan program called Program 1. To print out the scan data immediately
after it has been collected:

®  Start the X'Pert Data Collector.

®  Use the right mouse button to click on the “APP” icon in the system tray at
the right-hand end of the Windows taskbar.

®  Select Configure.

®  In the “Build Rule” frame enter the details of the X'Pert Data Collector
program and your user name.

¢ In the “Command” field enter the path name for running X'Pert Epitaxy:
“C:\Program Files\PANalytical\X'Pert Epitaxy\Epitaxy.exe”.

® Inthe “Arguments” field enter %XRDMLFILE% /2ndcopy /p

where: % XRDMLFILE% is used to indicate the measured file
/2ndcopy indicates that a second copy of Epitaxy be opened
/P indicates that the scan must be printed.

®  Activate the rule you have just saved by ticking the “Active:” tick box.
*  Click [_o__J.
®  Click on the [ AddwRuesList | button.

Page 9-3



X'Pert Epitaxy Quick Start Guide

onfiguration
#Pert Data Collectar Genelall
Rules
Activated Fram Meas. program type Meas. program name Meas. program owner
»Pert Data Callector Absolute Relative Scan for O5G Uszer-1
1 il | 2l
Delete Rule
Euild rule
Measurement program type | Abzolute o~ | %
Measurement program name |F\elative Scan for 056G |
Measurement program owner | User-1 | Seleat Plagem
Command: |C:\Program Files\ P alytic-alx'Pert E pitamp\E pitawy. exe ‘ @
Arguments: ZXADMLFILEX /2ndcopy /p ‘
Comment |Example for Q56 - printing absolute scan to the default printer ‘
Active
[ Accept Changes J [ Add to Rules List J
[ oK J [ Cancel } L Apply J [ Help ]

®  Return to the X'Pert Data Collector, start data collecting, and when the
scan has been completed it will be printed out.
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Automating the Analysis Described in
Chapter 2

If you want to regularly analyze similar samples you can create an Epitaxy icon
which can be used to do the analysis automatically. This can be done for any
analysis which does not need manual intervention. The example in Chapter 2 fulfills
this criterion because all the peak marking can be done automatically.

Create another Epitaxy shortcut:

If necessary exit from X'Pert Epitaxy.

Use the right mouse button to click on the X'Pert Epitaxy icon on the
desktop.

A menu similar to the one shown in Figure 9-1 will be displayed.

Open
Run as...

R Scan For viruses...

) WinZip »
Pin ko Start menu

Compare with Araxis Merge

Send To 3

Cut
Copy

Create Shortout
Delete
Rename

Properties

Figure 9-1: The Pop-up Menu Available from the Icon

Select Create Shortcut - another X'Pert Epitaxy icon will appear on the
desktop.

Use the right mouse button to click on the new icon to display the pop-up
menu.

Select Rename.

You can now type another name below the icon - type “Results.
Summary”.
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Press Enter.

Use the right mouse button to re-display the pop-up menu and select
Properties.

Edit the entry in the “Target” field to:

“C:\Program Files\PANalytical\X’Pert Epitaxy\Epitaxy.exe” “C:\Pro-
gram Files\PANalytical\X’Pert Epitaxy\ResSum.ini” “C:\Program
Files\PANalytical\X Pert Epitaxy\Examples\004 GeSi on Ge.xrdml” /
2ndcopy /p.

The “ResSum.ini” file is the file that you created at the end of Chapter 2.
Click to close the window.

The formatting of this line must be correct, refer to the Help file for more infor-
mation about this. A space must be present immediately before each slash (/). File
names which include spaces must be put in quotation marks.

The key /2ndcopy is added to start a new instance of X'Pert Epitaxy. This avoids the
possibility of disturbing a copy of X'Pert Epitaxy which is running on the same
computer. The automatically started instance of X'Pert Epitaxy will be closed after
the print command (/p) has been executed.

To run the analysis automatically:

Check your printer is switched on.

Start X'Pert Epitaxy using the “Results Summary” icon.

The X'Pert Epitaxy Help File gives more information about using a wider
range of input files and options.
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