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Software License Agreement 

IMPORTANT - Read the following License Agreement carefully. 

This License Agreement (hereafter, referred to as the "Agreement") is a legal agreement between you (either 
an individual or a corporation) and RIGAKU Corporation (hereafter, referred to as "RIGAKU") for the 
RIGAKU software product.  The software product includes computer software, and also includes 
information or electronic documentation provided online, media associated thereto, printed materials 
(documentation such as a manual) and trademarks (hereafter, referred to as "SOFTWARE PRODUCT").  
By installing, copying or otherwise using the SOFTWARE PRODUCT or the UPGRADE PRODUCT 
(defined below), you agree to be bound by the terms of this Agreement. 

If you do not agree to the terms of this Agreement, RIGAKU shall not license you to install, use or copy the 
SOFTWARE PRODUCT.  Moreover, by installing, copying or otherwise using another component of the 
UPGRADE PRODUCT or the SOFTWARE PRODUCT separately received as a part of the SOFTWARE 
PRODUCT (hereafter, referred to as the "UPGRADE PRODUCT"), you agree to be bound by the additional 
license terms accompanying the UPGRADE PRODUCT.  If you do not agree to the additional license terms, 
RIGAKU shall not license you to install, use or copy the UPGRADE PRODUCT. 

In addition, no condition of "license" specified on any printed material other than this Agreement or on the 
setup screen of any software product and so on shall not be applied, and only the conditions of this 
Agreement shall be applied. 

1.  Grant of license 

*Software 
You may install and use one copy of the SOFTWARE PRODUCT on a single computer.  
However, as for the SOFTWARE PRODUCT allowing copies thereof to be installed on a plurality 
of computers respectively, you may make the allowed number of copies. 

*Use of a network 
In the case where the SOFTWARE PRODUCT has a function of being available from other 
computers on a network, you may use the SOFTWARE PRODUCT on the respective computers.  
In that case, it is necessary that the use of the network for the SOFTWARE PRODUCT is licensed 
by RIGAKU. 

*Backup copy 
You may make one copy of the SOFTWARE PRODUCT only for the backup purposes.  In 
addition, you may preserve the backup copy but may not use it for any purpose other than 
restoration of the SOFTWARE PRODUCT. 

2.  Other rights and limitations 

*Limitations on reverse engineering, decompilation and disassembly 
You may not reverse engineer, decompile or disassemble the SOFTWARE PRODUCT. 

*Rental and resale 
You may not rent, lease or resell the SOFTWARE PRODUCT to any third party without 
permission of RIGAKU. 
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*Support service 
RIGAKU may provide you with support service for the SOFTWARE PRODUCT (hereafter, 
referred to as "SUPPORT SERVICE").  What is provided as part of the SUPPORT SERVICE 
shall be deemed as a part of the SOFTWARE PRODUCT to which the terms and conditions of this 
Agreement shall be applied. 

*Assignment of the software 
You may perpetually assign the SOFTWARE PRODUCT with permission of RIGAKU, provided 
that, in that case, you will destroy all the copies thereof and assign all of the SOFTWARE 
PRODUCT (including all the components, media, documentation such as the manual, the 
UPGRADE PRODUCTs and this Agreement) and the assignee agrees to this Agreement. 

*Termination 
RIGAKU may terminate this Agreement if you fail to comply with the terms and conditions of this 
Agreement.  In such event, you must destroy all of the SOFTWARE PRODUCT (including all the 
components, media, documentation such as the manual, the UPGRADE PRODUCTs and this 
Agreement) and all copies thereof. 

3.  Upgrades 
If the SOFTWARE PRODUCT is labeled as an upgrade, you must be properly licensed to use a 
product to be upgraded.  The UPGRADE PRODUCT shall replace the product to be upgraded or 
shall be added thereto.  You may use the software product acquired by the upgrade in compliance 
with this Agreement. 

4.  Copyrights and so on 
Copyrights and any other right in and to the SOFTWARE PRODUCT (including but not limited to 
any images, photographs, animations, and text incorporated in the SOFTWARE PRODUCT), the 
accompanying documentation such as a manual, and any copies of the SOFTWARE PRODUCT are 
owned by RIGAKU or a third party from whom RIGAKU is licensed, and are protected by copyright 
laws and international treaty provisions. 

5.  Warranty 
In the case where the SOFTWARE PRODUCT does not operate substantially according to the 
accompanying product manual or there is a physical defect on the record medium or the manual 
thereof, RIGAKU shall replace or repair it at no charge based on its determination within 90 days of 
your receipt thereof. 
RIGAKU shall give no warranty of the SOFTWARE PRODUCT whatsoever, unless specified in this 
Agreement, including merchantability and fitness for particular purposes. 
RIGAKU shall not be responsible for any damage whatsoever arising directly or indirectly related to 
use of the SOFTWARE PRODUCT, even if RIGAKU has been advised of possibility of such 
damage. 

6.  Other terms and conditions 
RIGAKU may change the specifications of the SOFTWARE PRODUCT and the contents of the 
printed materials including the manual without notice in the future. 
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1.  Overview 
This software application performs reciprocal lattice space simulations to help users perform 
diffraction peak measurements efficiently with thin-film samples on substrates or single-crystal bulk 
samples. The simulation results indicate peak positions and correct goniometer positions for 
measurements. 

Without the aid of simulation software, determining the locations of diffraction peaks is quite difficult. 
It requires an in-depth understanding of crystallography and diffraction theory. For example, thin-film 
samples generally exhibit oriented structures or epitaxial growth, and understanding the directional 
relationships between crystals in such films requires a basic knowledge of crystallography. Further, 
predicting the diffraction phenomena arising from such samples requires a solid understanding of 
diffraction theory, and the required calculations are very complex. 

The Diffraction Space Simulation software makes your job much easier. Underneath, it utilizes 
advanced crystallography and diffraction computations, but the user interface is simple and 
straightforward. It allows users to rotate or tilt samples in virtual space, find diffraction peaks for 
effective measurements, and estimate the positional relationships of diffraction peaks. 

First, the user provides information on their sample: for each thin film layer, for example, the user 
enters crystal structure and estimated orientation, including the structures and orientation of the 
substrate and all film layers. The software makes this step easy by providing a database of more than 
100 widely-known crystal structures, which can be selected from a list. Users can also enter new data 
or modify existing crystal database entries. 

Second, the user can vary the estimated crystal directions to see how the simulation is affected. In this 
way, the actual crystal directions can be determined by iterating on this procedure until the actual 
reciprocal space data matches the simulation. 
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1.1  Notation conventions 

This manual uses the following notation conventions. 
 

Notation related to menus, commands, and dialog boxes 

Notation Explanation 
File menu Menu names are given in bold. 
Open command under 
the File menu 

Command names are given in bold, followed by the name of the 
menu on which that command is found. 

Open File dialog box Names appearing in the title bar of dialog boxes are given in 
bold. 

OK, Cancel button The names of command buttons in a dialog box are given in bold.
Context menu This is a popup menu that appears when you click the right 

mouse button. 
Tool tip When a mouse pointer is dragged over a toolbar button or a text 

box, a description is displayed for five seconds. 
Active window This is the window brought up to front of the screen or main 

window. An active window accepts entries of characters or 
figures and mouse operations. 

 
Notation related to mouse operations 

Notation Explanation 
Point Position the mouse pointer directly over the target object. 
Click Press the left mouse button once and release it immediately. 
Right-click Press the right mouse button once and release it immediately. 
Double-click Press the left mouse button twice in quick succession. 
Drag Move the mouse while holding down the left mouse button. 
Drag & drop Move the mouse while holding down the left mouse button and 

then release the mouse button at the target position. 
 

Notation related to keyboard operations 

Notation Explanation 

Enter Key names appear in bold text. 
Alt + F1 The plus sign (+) directs you to press multiple keys at the same 

time. For example, Alt + F1 tells you to press the Alt key while 
holding down the F1 key. 

Alt, W, S When multiple keys are shown separated by a comma (,), press 
the keys in the order shown. In the example at left, press the Alt, 
W, and S keys in this order. 

Arrow keys Keys labeled →, ←, ↑, and ↓, respectively. 
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Graphics-related notation 

Notation Explanation 

Graphic object An individual line, axis, plane, or any other object that is drawn 
in the child window. Also referred to simply as “graphics.” 

Child window A child window displays graphics. 
Scene  A related group of graphic objects. For example, a scene might 

represent a diffraction plane containing Bragg reflections, 
incident x-ray beams, diffracted x-rays, and Ewald circles, and 
include various different graphic objects such as symbols, 
arrows, circles, and numerical values (Miller indices and incident 
angles). 
The software displays multiple scenes in one child window. 
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1.2  Basic system specifications 

Operating system Microsoft Windows XP (SP2) or Windows Vista (SP1) 

Computer PC with a Pentium IV processor running at 2 GHz or higher 

Memory 512 MB or more (1 GB or more for Windows Vista) 

Hard disk 50 MB 

Monitor resolution 1024 x 768 dots or higher 

Disk drive CD-ROM drive 

Printer Color printer 

Video card OpenGL supported (See Notes.) 

 

 CAUTION: The graphics of this software program are drawn by 
OpenGL. If your video card does not support OpenGL, or if 
the graphics do not appear correctly when you run this 
software, change the video card settings using the 
following procedure. 

 (1) Terminate DSS (Diffraction Space Simulation). 
 (2) Click the Display icon in Control Panel. 
 (3) Click the Advanced button on the Settings tab. 
 (4) Click the Troubleshoot tab and then set Hardware 

accelerator to “None”. 
 (5) Click the OK button. 
 (6) Start this software program to confirm that normal 

graphics are drawn. 
 

1.3  Setup 

(1) To set up the program, insert the CD-ROM provided. The setup program should automatically 
start. If it does, go to step (4). If not, go to step (2). 

(2) Click the Start button and then Run. 

(3) Enter the setup program name, with its pathname. For example, if the setup program is stored 
on the d:\drive, enter: “d:\setup”. 

(4) Click the OK button, and follow the setup instructions that appear on the screen. 

(5) When you’ve completed the above steps, restart the system. 

Tip: To read the online help of the Diffraction Space Simulation software, Adobe 

Reader 7.0 or later is required. 

To install Adobe Reader, execute AdbeRdr705_enu_full.exe in the CD-ROM. 
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2.  Tutorial 
This chapter describes how you can use this software (hereinafter, referred to as “diffraction space 
simulation”) to select a desired reflection (crystal lattice plane) and a scan area for a reciprocal space 
map (RSM) measurement.  

 

2.1  Procedural flow 

Figure 2.1.1 shows the flow of steps in diffraction space simulations. 

 

Launch the diffraction space simulation.

Select material data.

Display diffraction space simulation result.

Select reflection (crystal lattice plane).

Set scan area of RSM measurement. Position goniometer
to diffraction condition.  

 

Fig. 2.1.1  Procedural flow 
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2.2  Basic software operations 

The following subsections describe basic operations for the diffraction space simulation, using the 
example of a multi-layer sapphire substrate (GaN/Al2O3 substrate). 

 

2.2.1  Launching the diffraction space simulation 

Click Diffraction Space Simulation from the Process menu to launch the diffraction space 
simulation. 

 

Fig. 2.2.1  Main window 
 

During startup, the application reads the material data used in the previous simulation. To 
perform a diffraction space simulation using different material data, follow the procedure 
described in Subsection 2.2.2. 

Simulation scene
Provides an overview of 
the simulation result. 

Options toolbar 

Diffraction plane orientation scene 
When a reflection is selected, this 
scene displays the relative positioning 
of the x-ray beam and the sample. 

Crystal orientation scene 
Displays the orientation of 
each crystal layer relative to 
the sample. 

Zoom scene 
Displays an zoomed view of the area 
shown by a black rectangle in the 
simulation scene. 

Layer details 
Used to control the 
viewing format of the 
reflection display. 

Control bar 
Used to select a reflection, set a 
scan area of RSM measurement, 
and control the goniometer 
angles. 
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2.2.2  Selecting material data 

Select Crystal Information from the Process menu to open the Crystal information dialog 
box. 

 

Fig. 2.2.2  Crystal information dialog box 

 
From the list box, select the desired material data, then click the OK button. 

Tip: For information on editing the contents of material data or creating new data, 

see the following section: 

    3.6  Editing crystal information 

List box 
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2.2.3  Displaying the diffraction space simulation result 

After selecting material data, click  (Reload crystal information) on the Options toolbar to 

display a diffraction space simulation result of the newly selected material data. 

 

Fig. 2.2.3  Diffraction Space window 

 

Tip: If you selected material data before launching the diffraction space simulation, 

launch the diffraction space simulation as described in Subsection 2.2.1. 
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Use the Layer details section and the Marker Settings dialog box to change viewing formats 
for reflections of the desired crystal layer. 

Use the checkboxes in the Layer details section to show or hide reflections, Miller indices 
(hkl), systematic absence points, and unit cells of each layer in the reciprocal space. 

 
Fig. 2.2.4  Layer details section 

 
Click the marker corresponding to a layer in the Layer details section to open the Marker 
Settings dialog box (see Fig. 2.2.5). The dialog box lets you select the shape, color, and size of 
the reflections of each layer. 

    3.5.3  Marker Settings dialog box 

 

Fig. 2.2.5  Marker Settings dialog box 

Click here to open 
the Marker Settings 
dialog box. 
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2.2.4  Selecting reflections (crystal lattice plane) 

The following four methods can be used to select a reflection (crystal lattice plane), using the 
example of an Al2O3 (corundum) (0 0 12) sample. 

(1) Selecting a reflection in the simulation scene 
Click a desired reflection in the simulation scene to display the crystal layer, Miller 
indices, diffraction angle (2θB), and positions of the axes under diffraction conditions in 
the Selected reflection section. 

 

Fig. 2.2.6  Selecting reflection (clicking on reflection in the simulation scene) 

 

Information on selected reflection

(1) Click on a reflection.
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(2) Selecting a reflection in the zoom scene 
If a reflection is hard to select due to the proximity of another reflection, try to select the 
reflection in the zoom scene. Change the zoom level of the scene until the desired 
reflection indication is distinct from the others in the display, then click on the desired 
reflection. 
    3.4.5  Zoom scene 

 

 
Fig. 2.2.7  Selecting reflection (clicking on reflection in the zoom scene) 

 
(3) Selecting a reflection in the Reflections list section 

Select a desired crystal layer and Miller indices in the Reflections list section on the 
control bar, then click the Select button. 

 

Fig. 2.2.8  Selecting reflection (selecting reflection using Miller indices) 

(4) Selecting a reflection by entering Miller indices 
Select a desired crystal layer from the layer box. 
Then, enter the Miller indices in the h, k, and l boxes in the Reflections list section and 
click the Select button. 

Layer box (3) Select a crystal layer, 
choose Miller indices, 
then click the Select 
button. 

(4) Enter Miller indices 
and click the Select 
button. 

(2) Click on a reflection 
in the zoom scene. 
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Tip: Among the reflections (crystal lattice plane) inclined relative to the sample 

surface, those located outside the blind areas can be measured whether arranged 

symmetrically (i.e., incident angle and reflected angle are equal) or 

asymmetrically (incident angle and reflected angle differ). For these reflections, 

you can switch measurement configurations by clicking  (Symmetrical 

configuration) or  (Asymmetrical configuration on the Options toolbar. 

(“Asymmetrical configuration” is always used immediately following the 

selection of a reflection.) 

    3.2  Options toolbar 

    3.4.1  Simulation scene 

 

2.2.5  Moving goniometer to angle satisfying diffraction conditions 

To move the goniometer axes to the angles satisfying the diffraction conditions specified by the 
Miller indices, click the Move gonio button in the Selected reflection section on the control 
bar. 

 

Fig. 2.2.9  Diffraction conditions and moving goniometer axes 
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2.2.6  Setting the RSM measurement area 

Set the measurement area for an RSM measurement using the selected reflection as a reference. 

Clicking  (Show RSM measurement area) on the Options toolbar displays a sector-form 

measurement area in the simulation scene and zoom scene. The default measurement area is 
±15° in the 2θ/ω direction and ±15° in the ω direction, with the selected reflection at the center. 

 
Fig. 2.2.10  Display of RSM measurement area 

 
To change the measurement area, drag the area displayed in the simulation scene or zoom scene. 
If the mouse is inside the scan area and dragged, the entire area moves with the mouse. If the 
mouse is on an edge and dragged, only that edge of the scan area will be moved. Each value of 
the specified area is shown in the RSM measurement area section. 
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You may also enter numerical values in the Start and End boxes in the RSM measurement 
area section on the control bar, then click the Apply button. Check the Abs boxes to set and 
display the starting and ending angles as absolute positions. 

 

Fig. 2.2.11  Setting measurement area 
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3.  Working with windows and dialog boxes 
This chapter describes how to work with windows and dialog boxes. 

Figure 3.1 shows the main window and the names of its components. 

 

Fig. 3.1  Main window 

 
 
 

Status bar 

Options toolbar Menu bar 
Main view 

Control bar 

Diffraction Space window 



3.  Working with windows and dialog boxes 

16    Diffraction Space Simulation Software User’s Manual  

3.1  Menu bar 

Some application functions can be accessed by selecting a menu from the menu bar. The following 
subsections describe how to use these menus. 

 

 

Tip: This manual describes only the menus used in the diffraction space simulation. 

For menu items other than Process and DSS, refer to the SmartLab Guidance 
Reference Manual (ME13365A) or SuperLab Control Software Reference 

Manual (ME13311A). 

 

3.1.1  Process menu 

 

Crystal information Edits the crystal information. 
    3.6  Editing crystal information 

Diffraction Space Simulation Launches the diffraction space simulation. 
    3.4  Diffraction Space window 
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3.1.2  DSS menu 

 CAUTION: This menu is displayed only while the diffraction space 
simulation is running. 

 

Reload Crystal Information Loads the material data specified in the Crystal information 
dialog box, performs the diffraction space simulation of the 
material data, and then shows the result. 

Export Outputs a Bragg reflections list. 
    3.5.5  Save As dialog box 

Orientation Information Displays the crystal orientation of each crystal layer along with 
its UB matrix. 
    3.5.4  Orientation Information dialog box 

Marker Settings Used to set markers for the reflections shown in the simulation 
scene. 
    3.5.3  Marker Settings dialog box 

Simulation Settings Used to set the interval and color of the reflection display grid 
and other parameters for the simulation scene. 
    3.5.2  Simulation Settings dialog box 

Sample Images Used to set the front- and back-side images for the crystal and 
diffraction plane orientation scenes. 
    3.5.6  Sample Images dialog box 
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3.2  Options toolbar 

Use the buttons on the Options toolbar to launch various tools used for graphic display or to open a 
dialog box used to set the layout of the scenes. 

One of the three toolbar types shown in the following figures is displayed, based on the scene 
selected in the main view. 

When simulation scene or zoom scene is 
selected 

When crystal orientation scene is selected 

When diffraction plane orientation scene is 
selected 

 

 (Reload Crystal Information) Loads the material data specified in the Crystal information 

dialog box, performs the diffraction space simulation of the 
material data. 

 (Layout Settings) Sets the layout of the scenes in the main view. 

    3.5.1  Layout Settings dialog box 

 (Change Scenes) Switches the display between the zoom scene and the 

simulation scene. 

 

 (Symmetrical Configuration) By default, reflections outside the blind areas are asymmetrical 

(incident angle and reflected angle differ) when they are 
selected. Click this button to change the setting to a 
symmetrical configuration (incident angle and reflected angle 
are equal). 

 (Asymmetrical configuration) Sets the selected reflection to an asymmetrical configuration. 
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 (Reverse) Flips the x-ray incident direction horizontally in the cross 

section display. 

 (Clear selection) When a reflection is selected, clicking this button erases the 

Ewald circle, incident x-ray vector, diffracted x-ray vector, and 
scattering vector from the main view and displays the image as 
it was before the reflection was selected. 

 (Zero reset) Resets the angles of the 2θ, ω, χ (or 2θχ), and φ axes to “0.” 

 (Show RSM measurement area) 

Displays/hides the RSM measurement area. 
A sector-form measurement area is shown with the selected 
reflection at the center. The area inside this region is the 
measurement area. The area can be changed by positioning the 
mouse pointer over a border and dragging the border, or by 
positioning the mouse pointer inside the scan area and dragging 
the whole area. The numerical values for the area are shown in 
the RSM measurement area section of the control bar. These 
are the starting and ending ω and 2θ/ω angles. 

 (Show zoom area) Displays/hides the black border around the zoom area. 

 (Reset) Displays the selected scene using the default size and position. 
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 (Camera) Move the mouse over various locations within a selected scene 

to change the shape of the cursor. Dragging the mouse when a 
certain cursor is displayed will activate the corresponding 
function. 

Area Mouse cursor Function Dragging direction 

 
 

Zoom 
↑ Zoom in  ↓ Zoom 

out 

 
 

Z-axis 
rotation 

→ Clockwise 
rotation  

← Counterclockwise 
rotation 

 
 

X/Y-axis 
rotation 

All directions 

 
 

Pan All directions 

 (Show unit cell) Displays/hides the unit cell in the crystal orientation scene. 

 (Show axes) Displays/hides the axes in the crystal orientation scene. 

 (Remove sample images) Removes the sample image in the crystal orientation scene. 

The sample is represented with a meshed square if removed. 

 

3.3  Status bar 

The status bar displays a brief description of the menu or toolbar function beneath the mouse 
pointer. 
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3.4  Diffraction Space window 

Almost all software operations are performed in this window. 

 

 
Fig. 3.4.1  Diffraction Space window 

 

Crystal orientation scene Diffraction plane 
orientation scene Simulation scene 

Layer details Zoom scene Control bar 
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3.4.1  Simulation scene 

 
Fig. 3.4.2  Simulation scene 

・ Cross section of a limited sphere 
In the cross section of a limited sphere, reflections (including systematic absence points) 
located on that plane are indicated by markers. The origin of the semicircle representing the 
cross section corresponds to the origin of the reciprocal lattice, while the concentric 
semicircles indicate diffraction angles (twice the value of the Bragg angle). Moving the χ (or 
2θχ) or φ scroll bar in the Selected Reflection section rotates the reciprocal lattice in 
accordance with the amount of χ (or 2θχ) or φ movement, and a new cross section is 
displayed. 

・ Selection of a Bragg reflection 
Click on a desired reflection to determine the positions of individual axes that satisfy the 
Bragg diffraction conditions of that reflection. Selecting a reflection displays the Ewald circle, 
incident x-ray vector, diffracted x-ray vector, and scattering vector in the simulation scene. 
Additionally, the numerical values of the incident and diffracted x-ray angles are shown next 
to the x-ray angle vectors. 

・ Reflection information 
Right-click on a reflection to display its crystal layer, Miller indices, value twice the Bragg 
angle, structure factor, and the square of the structure factor. 

 
Fig. 3.4.3  Reflection information 

X-ray incident angle 

Incident x-ray vector 

Scattering vector 

Cross section of a limited sphere X-ray exit angle 

Diffracted x-ray vector 

Bragg reflection

Blind area
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3.4.2  Crystal orientation scene 

The crystal orientation scene shows a three-dimensional image of the reciprocal lattice axes of 
the substrate crystal and film crystals relative to the sample surface. The direction entered in the 
Crystal information dialog box is used to display the reciprocal lattice axes. 

Tip: The direction can be confirmed by reading the Miller indices shown in the 

Orientation Information dialog box. 

    3.5.4  Orientation Information dialog box 

 

Fig. 3.4.4  Crystal orientation scene 

 

3.4.3  Diffraction plane orientation scene 

The diffraction plane orientation scene shows a three-dimensional image of positional 
relationships between the diffraction plane, sample surface, and goniometer axes. This display 
will be updated when you select a new reflection or modify the diffraction conditions of a 
selected reflection. 

 

Fig. 3.4.5  Diffraction plane orientation scene 
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3.4.4  Layer details 

 
Fig. 3.4.6  Layer details 

The Layer details section shows the markers and names of each crystal layer in the sample. 
These are listed in the same order as the Crystal information dialog box: Layer 1 (Epi. 1), 
Layer 2 (Epi. 2) and on through the layers until the substrate, which is listed last. Markers 
indicate how the reflections of the corresponding crystal layers will be represented in the 
simulation and zoom scenes. The color density of the markers expresses the magnitude of the 
structure factor for each reflection. Marker colors, shapes and sizes can be set in the Marker 
Settings dialog box; crystal layer names can be set in the Crystal information dialog box. 

Marker Indicates the shape and color of a reflection in the simulation 
scene. Click the marker to open the Marker Settings dialog 
box. The Marker Settings dialog box permits you to change 
marker size, color and shape. 
    3.5.3  Marker Settings dialog box 

Layer Shows the name of each crystal layer that was specified in the 
Crystal information dialog box. Click a layer name to open 
the Orientation Information dialog box. 
    3.5.4  Orientation Information dialog box 

Show Checkbox turns display of reflections on/off for the chosen 
layer. 

hkl Checkbox turns display of Miller indices on/off for the 
reflections of the chosen layer. 

Absence Checkbox turns display of systematic absence points on/of for 
the chosen layer. 

Cell Checkbox turns display of unit lattice cells on/off for the 
chosen layer in the crystal orientation scene. 

Markers
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3.4.5  Zoom scene 

The zoom scene shows an enlarged view of the region inside the black rectangle in the 
simulation scene. This region can be zoomed in, zoomed out, or moved laterally. All mouse 
operations permitted in the simulation scene, such as selection of reflections and display of 
reflection information, are also valid here. 

 

Fig. 3.4.7  Zoom scene 

 

Tip: When the mouse pointer becomes a , drag the mouse up or down to zoom in 

or zoom out. 

When the mouse pointer becomes a , the zoom area can be moved laterally. 
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3.4.6  Control bar 

(1) Selected reflection 

 

Fig. 3.4.8  Selected reflection 

 
Layer Shows the crystal layer for the selected reflection. 

hkl Shows the Miller indices for the selected reflection. 

2θB Shows the value of twice the Bragg angle for the selected 
reflection. 

ω / χ / φ / 2θ / 2θχ 

Incident / Reflected The angles satisfying Bragg diffraction conditions for the 
selected reflection. You can change these angles numerically in 
the edit boxes. 

Tip: ・ For a goniometer using χ circle, two solutions are possible for the Bragg 

diffraction condition. When + is selected, χ assumes a positive value in 

determining the Bragg diffraction condition. When − is selected, χ assumes 
a negative value. 

 ・ If no reflection is selected, χ (or 2θχ) and φ can be varied to rotate the 

reciprocal lattice to find the cross section of a target reflection. 

Move gonio Moves the 4-axis angles (2θ, ω, χ (or 2θχ), φ) of the actual 
instrument goniometer to the four axial angles indicated in the 
Selected reflection section. 

Tip: For χ circle goniometers, the value of 2θB also refers to 2θ axis movement. 

 

(a) (b)

Interface for χ circle goniometer Interface for in-plane arm goniometer 
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(2) Reflections list 

 

Fig. 3.4.9  Reflections list 

Layer box Select the crystal layer. For the selected layer, its Miller indices, 
Bragg angles, and structure factors are shown in the list. 

List Click the column heading 2θB to arrange the items in the list 
from largest to smallest Bragg angle. Click it again to reverse 
the order. 
Click the column heading F to arrange the items from smallest 
to largest structure factor. Click it again to reverse the order. 

h / k / l Enter the Miller indices to select a desired reflection. 

Select Selects the reflection currently selected in the reflections list or 
shown in the h, k, l boxes. The simulation and zoom scenes 
will respond by displaying the incident x-ray, diffracted x-ray, 
Ewald circle, and other objects. 

Clear Unselects the reflection selected in the simulation scene. 

Tip: This button has the same functionality as the  (Clear reflection) button on 

the Options toolbar. 

Layer box 

List 
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(3) RSM measurement area 

Turn on  (Show RSM measurement area) on the Options toolbar to set the RSM 

measurement area. The specified area is shown by a red sector-form area in the simulation 
scene. 

 
Fig. 3.4.10  RSM measurement area 

Abs Check this box to enter the absolute angles in the Start and 
End boxes. Uncheck this box to enter the angles relative to the 
selected reflection. 

Start / End Enter the starting and ending angles of the RSM measurement 
area. 

Apply Changes the sector-form area in the simulation scene according 
to the numeric values entered. 

Tip: The RSM measurement area can be set by dragging the sector-form area shown 

in the simulation scene. 

 

(4) Reflection information 

 
Fig. 3.4.11  Reflection information 

This section shows information on the reflection pointed in the simulation or zoom scene. The 
position of the mouse cursor is indicated by 2θ and γ. 

 CAUTION: The value of γ indicates the angle between the sample 
surface normal and the mouse cursor position. It is different 
than ω. 
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3.5  Dialog boxes 

3.5.1  Layout Settings dialog box 

This dialog box is used to arrange the scene layout. 

 
Fig. 3.5.1  Layout Settings dialog box 

 Displays all scenes. 

 Displays simulation scene only. 

 Display zoomed crystal orientation scene. 

 Display zoomed diffraction plane orientation scene. 

Show bars When this box is unchecked, the control bar, layer details, and 
zoom scene are hidden, and the main view fills the entire 
Diffraction Space window. 

 

3.5.2  Simulation Settings dialog box 

 
Fig. 3.5.2  Simulation Settings dialog box 
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(1) Scale 

Spokes Check this box to display radial lines (spokes) from the origin 
of the reciprocal lattice in the simulation scene. Using these 
lines, you can approximate the ω angle. 

Interval Select the intervals (unit: deg) of the spokes displayed in the 
simulation scene. 

2θ Check this box to display concentric semicircles centered at the 
origin of the reciprocal lattice. Using these semicircles, you 
can approximate the 2θ angle. 

Interval Select the intervals (unit: deg) of the semicircles displayed in 
the simulation scene. 

Color Select the color of the spokes (ω) and 2θ semicircles described 
above. 

(2) Incident/reflected arrows 

Line thickness Select the thickness of the vectors indicating the incident and 
diffracted x-rays. 

Color Select the color of the vectors indicating the incident and 
diffracted x-rays. 

(3) Blind area 

Show blind area Check this box to display the blind areas. 
 

3.5.3  Marker Settings dialog box 

 

Fig. 3.5.3  Marker Settings dialog box 

This dialog box is used to set markers for the reflections shown in the simulation scene. 

Layer Select the crystal layer to set markers for its reflections. 

Reflections – Shape Select the shape of reflection points. 

Reflections – Color Select the color of reflection points. 

Reflections – Size Select the size of reflection points. 

Systematic absences – Shape 
 Select the shape of systematic absence points. 
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Systematic absences – Color Select the color of systematic absence points. 

Systematic absences – Size Select the size of systematic absence points. 

 

3.5.4  Orientation Information dialog box 

Click a crystal layer name in the Layer column in the Layer details section to open the 
following dialog box: 

 
Fig. 3.5.4  Orientation Information dialog box 

Layer Select a crystal layer to confirm the unit cell orientation and 
UB matrix for the selected layer. 

Incident Displays the orientation of the incident x-rays in Miller indices 
for the selected layer. 

Normal Displays the orientation normal to the sample stage in Miller 
indices of the selected layer. 

Offset Displays the direction of the sample surface normal inclined to 
the direction normal to the sample stage, using Miller indices 
for the selected layer. 

Offset angle Displays the angle between the direction normal to the sample 
stage and the sample surface normal for the selected layer. 

Tip: Displays the values entered in the Crystal information dialog box. 

    3.6  Editing crystal information 

UB Matrix The 3 x 3 boxes shown here constitute matrices defining the 
crystal lattice and crystal orientation calculated based on the 
orientations entered in the Crystal information dialog box. 
This matrix is comprised of reciprocal lattice vector 
components. 
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3.5.5  Save As dialog box 

Click Export from the DSS menu to open the following dialog box. Use this dialog box to save 
the reflections list as a text file. Select a file type from comma delimited (*.csv) or tab delimited 
(*.txt). 

    3.1.2  DSS menu 

 

Fig. 3.5.5  Save As dialog box 

 

3.5.6  Sample Images dialog box 

Use this dialog box to set the front-side and back-side images of the sample for the crystal 
orientation and diffraction plane orientation scenes. 

 

Fig. 3.5.6  Sample Images dialog box 

Tip: Set different image files (bitmap files) in the Front and Back boxes to make it 

easier to distinguish the front and back sides of the sample displayed in the 

crystal orientation and diffraction plane orientation scenes. 
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3.6  Editing crystal information  

3.6.1  Editing material data 

Described below are the procedures for setting material data, including sample mounting 
direction. 
Edit material data using pre-registered single crystal and solid solution data. 

Tip: For information on editing single crystal and solid solution data, refer to 

Subsection 3.6.2  Editing crystal data. 

 
(1) Click Crystal Information from the Process menu to open the Crystal information 

dialog box. 

  

Fig. 3.6.1  Crystal information dialog box 

(2) Select the name (sample code) of the material data to be edited from the list box. 

Tip: To add new data, click the New or Dup button. 

    3.7.1  Crystal information dialog box 

(3) Change the name of the material data in the Sample code box, as needed. 

(4) Select the crystals comprising the layer in the Sample – Crystal column. 

Tip: When selecting a crystal, an asterisk “*” is displayed in the Sample – layer box 

to indicate the layer is currently selected. 

List box
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(5) In Define direction, select the known directions (crystal orientation conditions) for the 
selected layer from normal and incident, normal, or unknown. 

normal and 
incident 

Indices of both the sample surface normal and 
incident directions are known. 

normal Indices of the sample surface normal are known. 
unknown Indices of neither the sample surface normal nor 

incident directions are known. 
(6) In the Sample direction – Ext. column, enter Miller indices representing a direction 

normal to the sample stage. Separate each index with a space (example: 1 -1 10).  

(7) In the Sample direction – Off. (deg.) column, enter the angle between the sample surface 
normal and the direction set in step (6). 

(8) In the Sample direction – Off. dir. column, using Miller indices, enter the direction in 
which the direction set in step (7) is inclined in Miller indices separated with a space. The 
direction actually set will be the direction in which the direction entered is projected onto 
the sample surface. 

Tip: If the value in the Off. (deg.) column is 0°, the direction cannot be entered in 

the Off. dir. column. 

(9) Using indices separated with a space, enter the x-ray incident direction in the Incident – 
Direction column. The direction actually set will be the direction in which the entered 
direction is projected onto the sample surface. 

(10) In the Relax column, enter as a percent value the relaxation rate of the lattice constant of 
the layer relative to the substrate. Note that elastic constants must be set for the single 
crystal or mixed crystal for which input is made. In addition, this item cannot be entered 
unless the following conditions are met. 

Condition 1 The selected layer is not the substrate. 
Condition 2 The substrate layer and selected layer are of the same crystal 

system, and consist of cubic, tetragonal, or hexagonal crystals. 
Condition 3 The x-ray incident directions are identical. 
Condition 4 In the case of tetragonal or hexagonal crystals, the directions of the 

normals of the substrate layer and selected layer are perpendicular 
(0 0 1) to the ab plane. 

Condition 5 In the case of cubic crystals, the directions of the normals of the 
substrate layer and selected layer are identical. 

(11) Select normal, good, or very good for Crystality (FWHM). 

Tip: Since this software does not use this parameter for calculations, this setting 

need not be precise. 
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(12) Set the conditions for all layers followed by steps (4) through (11). 

Tip: You can click the Add layer or Del. layer button to increase or decrease the 

number of layers. Click the Edit crystal button to open the Input panel dialog 
box, then you can edit crystal information of each layer.  

    3.6.2  Editing crystal data 

(13) After editing, click the Renew button to update the selected material data. 

Tip: Clicking the Revert button cancels the data update and restores previous data. 

(14) Click the OK or Cancel button to close the Crystal information dialog box. 

Tip: To perform a diffraction space simulation, select the material data for the 

simulation, then click the OK button. 

 CAUTION: Be sure to click the OK button after editing single crystal 
data or solid solution data (see the explanation in 
Subsection 3.6.2). If you click the Cancel button, the 
entered changes will be discarded. 
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3.6.2  Editing crystal data 

Editing single crystal data 

Described below are the procedures for creating and editing single crystal data. In addition to 
manual input for data production, you can use a text file output by ICSD to create new single 
crystal data. 

 

Fig. 3.6.2  single tab in the Input panel dialog box 

(1) Click the Edit crystal button in the Crystal information dialog box to open the Input 
panel dialog box, then click the single tab. 
    3.6.1  Editing material data 

(2) From the list box, select the name of the single crystal data to be edited. 

Tip: ・ Before opening the Input panel dialog box, select the single crystal data  

in the Sample – Crystal column in the Crystal information dialog box. 

The data will be selected when the Input panel dialog box appears. 

 ・ Click the New. or Dup. button to add new single crystal data. 

(3) Edit the name of the single crystal data in the Crystal code box, as needed. 

List box 
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(4) Select a space group. 

Tip: Space group can be selected from the standard types listed in 

INTERNATIONAL TABLES FOR CRYSTALLOGRAPHY Volume A 

SPACE-GROUP SYMMETRY. 

(5) If the elastic constants are known, click the Elastic stiffness button to open the Elastic 
stiffness dialog box, then enter the values. 
    3.7.2  Input panel dialog box 

(6) Enter lattice constants in the Lattice constant boxes. 

(7) Set each parameter for Atom information. First, select an atom, then enter values for the 
occupying ratios, atom positions, and temperature parameters. Enter the values for all 
atoms. 

Tip: ・ Clicking a parameter such as Symbol, Occup., or Position selects the atom 

on the clicked line, and an asterisk “*” is indicated in front of the Symbol 
indication. 

 ・ If the temperature parameter is unknown, set “0.” 

 ・ Click the Add atom button to add an atom. 

 ・ Click the Del. atom button to delete the selected atom. 

(8) After editing, click the Renew button to update the selected single crystal data. 

Tip: Clicking the Revert button cancels the data update and restores previous data. 

(9) Click the Close button to close the Input panel dialog box and return to the Crystal 
information dialog box. 

 CAUTION: • The changed single crystal data will not be saved until 
you click the OK button in the Crystal information 
dialog box. 

 • ICSD data can be used to add new single crystal data. 
Click the ICSD button and load a text file of ICSD data, 
then single crystal data can be added. Note that the 
origin is always set to “choice 2.” 

 • Be sure to save the ICSD data in the Long View format 
under the default conditions. If the ICSD data has been 
saved in the Short View format, the data cannot be 
loaded. 
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Editing solid solution data 

Described below are the procedures for creating and editing solid solution data. Solid solution 
data can be produced by combining registered single crystal data. 

 

Fig. 3.6.3  solid solution tab in the Input panel dialog box 

(1) Click the Edit crystal button in the Crystal information dialog box to open the Input 
panel dialog box, then click the solid solution tab. 

(2) From the list box, select the name of the solid solution data to be edited. 

Tip: ・ Before opening the Input panel dialog box, select the solid solution data  

in the Sample – Crystal column in the Crystal information dialog box. 

The data will be selected when the Input panel dialog box appears. 

 ・ Click the New. or Dup. button to add new solid solution data. 

(3) Edit the name of the solid solution data in the Solid solution code box, as needed. 

(4) Select single crystal data in the Crystal column in the Composition section. If the desired 
single crystal data cannot be found, select single crystal data from the Crystal list, then 
click the <== Add button to add the selected single crystal data. 

 CAUTION: To create solid solution data, the space group indicated in 
the parentheses after each data name must be the same 
for all selected single crystal data. 

List box
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(5) Enter the ratio of each crystal in the Ratio box. 

 CAUTION: Set the ratios so that the sum (total ratio) of the values 
(shown in the Total ratio box) is “1. 000000.” 

Tip: When ratios are set, the lattice constants of the currently selected solid solution 

are shown. 

(6) If the elastic constants are known, set the elastic constants. 

1. Click either a Crystal or Ratio box to select the crystal on the clicked line. An 
asterisk “*” is indicated in front of the Crystal box. 

2. Click the Elastic stiffness button to open the Elastic stiffness dialog box, then enter 
the values. 
    3.7.2  Input panel dialog box 

(7) After editing, click the Renew button to update the selected solid solution data. 

Tip: Clicking the Revert button cancels the data update and restores previous data. 

(8) Click the Close button to close the Input panel dialog box and return to the Crystal 
information dialog box. 

 CAUTION: The changed solid solution data will not be saved until you 
click the OK button in the Crystal information dialog box. 
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3.7  Crystal information dialog box 

3.7.1  Crystal information dialog box 

This dialog box is used to edit material data for the sample to be measured. 

Using this dialog box, you can set the material data used in a diffraction space simulation. 

 

Fig. 3.7.1  Crystal information dialog box 

List box Displays a list of the names for material data. 
Click a material data name to display and edit the data 
contents. 

New Adds a new material data name “NewInfo.*” to the list box. 

Dup Copies the contents of currently selected material data to a new 
material data name “NewInfo.*” 

Del. Deletes the currently selected material data. 
If only a single data name exists, that data name cannot be 
deleted. 

Sample code Edit a material data name (254 characters maximum). 

Define direction Select the direction condition for each layer from normal and 
incident, normal, or unknown. 

normal and 
incident 

Indices of both the sample surface normal 
and incident directions are known. 

normal Indices of the sample surface normal are 
known. 

unknown Indices of neither the sample surface 
normal nor incident directions are known.

List box 
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Sample – Crystal Select single crystal or solid solution data from the registered 
data for each layer. Use the Input panel dialog box to edit or 
add data. 

Sample direction – Ext. Enter the indices of the sample surface normal, using a space to 
separate each index value (example: 1 -1 10). 
This input is disabled when unknown is selected for Define 
direction. 

Sample direction – Off. Set the offset angle between the sample surface normal and the 
direction set in the Ext. column under the Sample direction 
section. This input is disabled when unknown is selected for 
Define direction. 

Sample direction – Off. dir. Enter the indices of the offset angle direction, using a space to 
separate each index value. The calculated direction for setting 
the offset angle direction using indices is the direction of the 
set directional vector projected onto the sample surface. 
This input is disabled when the value in the Off. (deg.) column 
is “0” and unknown is selected for Define direction. 

Incident – Direction Enter the indices of the incident x-ray direction, using a space 
to separate each index value. The calculated direction for 
setting the incident x-ray direction is the direction of the set 
directional vector projected onto the sample surface. This input 
can be entered only when normal and incident is selected for 
Define direction. 

Relax – % Set as a percent value of the relaxation rate of the lattice 
constant of the selected layer relative to the substrate. 
Setting the relaxation rate requires the elastic constants of each 
single crystal and solid solution data. If these are not specified, 
values cannot be entered (the setting remains at “100%”). 
This input can be entered only when the following conditions 
are met. 

Condition 1 The selected layer is not the substrate. 
Condition 2 The substrate layer and selected layer are of 

the same crystal system, and consist of cubic, 
tetragonal, or hexagonal crystals. 

Condition 3 The x-ray incident directions are identical. 
Condition 4 In the case of tetragonal or hexagonal 

crystals, the directions of the normals of the 
substrate layer and the selected layer are 
perpendicular (0 0 1) to the ab plane. 

Condition 5 In the case of cubic crystals, the directions of 
the normals of the substrate layer and 
selected layer are identical. 
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Crystality – FWHM Select the crystallinity from normal, good, or very good. 

Edit crystal Opens the Input panel dialog box to enable editing of single 
crystal/solid solution data. 

Add layer Adds a new layer above the layer currently selected in the 
Sample – Layer column. 

Del. layer Deletes the layer currently selected in the Sample – Layer 
column. The substrate cannot be deleted. 

Renew Updates the material data to the data currently displayed. 

Revert Cancels the data update and restores previous data. 

OK Saves the changes made in the Crystal information and Input 
panel dialog boxes. 
The currently selected material data is used in diffraction space 
simulation. 

Cancel Closes the Crystal information dialog box without saving the 
changes made. 

 

3.7.2  Input panel dialog box 

Using this dialog box to register, edit, or delete single crystal/solid solution data assigned to 
each layer in the Crystal information dialog box. Clicking the single or solid solution tab 
switches editing panels between single crystal data and solid solution data. 

Click the Edit crystal button in the Crystal information dialog box to display this dialog box. 

single tab 

 

Fig. 3.7.2  Input panel dialog box (single crystal) 

List box
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List box Displays a list of the names for single crystal data. 
Click a single crystal data name to display and edit the data 
contents. 

New. Adds new single crystal data name “crystal*” to the list box. 

Dup. Copies the contents of currently selected single crystal data to a 
new single crystal data name “crystal*”. 

Del. Deletes the currently selected single crystal data. 
If only a single data name exists, that data name cannot be 
deleted. 

ICSD Crystal information can be imported from the ICSD database. 
Load a text file of ICSD data, then the file name is added as a 
single crystal data name to the list. 

 CAUTION: • Note that the origin is always set to “choice 2.” 

 • Be sure to save the ICSD data in the Long View format 
under the default conditions. If the ICSD data has been 
saved in the Short View format, the data cannot be 
loaded. 

 
Crystal code Edit a single crystal data name (254 characters maximum). 

Space Group Select a space group. 

Tip: Space group can be selected from the standard types listed in 

INTERNATIONAL TABLES FOR CRYSTALLOGRAPHY Volume A 

SPACE-GROUP SYMMETRY. 

Elastic stiffness Opens the Elastic stiffness dialog box to set elastic constants. 
The elastic constants must be entered when the value for Relax 
have been entered. 
Since the area to be set depends on the space group selected, 
elastic constants must be set after a space group is selected. 
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Lattice constant Enter the lattice constants. Since the area to be set depends on 
the space group selected, lattice constants must be set after a 
space group is selected. 

Temperature parameter type Select isotropic, anisotropic, or equi-isotropic as the type of 
temperature factors for the type of atoms occupying each site. 
If they are unknown, select isotropic. 

isotropic Isotropic temperature factors 
anisotropic Anisotropic temperature factors 

(symmetrical 3 x 3 matrix) 
Equi-isotropic Anisotropic parameters resembling 

isotropic temperature factors 
Atom – Symbol Select the symbols of atoms occupying the site. 

Neutral atom names are arranged in periodic table format, 
followed by the names of charged atoms (ions). 

Atom – Occup. Enter the occupancy of atoms. 

Position – x / y / z Enter the relative coordinates of atom positions relative to 
lattice constants. 

Temperature parameter Set the parameter for each temperature factor. 
If isotropic is selected for Temperature parameter type, the 
only input accepted is b11, and they are generally described as 
b. 

Add atom Adds a new atom. 

Del. atom Deletes the selected atom. If only a single atom name exists, it 
cannot be deleted. 

Renew Updates the selected single crystal data. 

Revert Cancels the data update and restores previous data. 

Close Closes the Input panel dialog box. 

 CAUTION: The changed single crystal data will not be reflected until 
you click the OK button in the Crystal information dialog 
box. 
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solid solution tab 

 
Fig. 3.7.3  Input panel dialog box (solid solution) 

List box Displays a list of the names for solid solution data.  
Click a solid solution data name to display and edit the data 
contents. 

New. Adds new solid solution data name “mixed*” to the list box. 

Dup. Copies the contents of currently selected solid solution data to 
a new solid solution data name “mixed*”. 

Del. Deletes the currently selected solid solution data. 
If only a single data name exists, that data name cannot be 
deleted. 

Solid solution code Edit a solid solution data name (254 characters maximum). 

Composition – Crystal Select the data names of single crystals comprising the solid 
solution. 
The numbers in the parentheses indicate the numbers of space 
groups. 
All crystals comprising a solid solution must have the same 
space group. 

Composition – Ratio Set the composition ratios of crystals comprising the solid 
solution so that the sum (total ratio) of the entered values is 
“1.000000.” 

List box 
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Crystal The list shows the registered single crystal data. 
The numbers in the parentheses indicate the numbers of space 
groups. Double-click to change the currently selected 
component crystal. 

<== Add Adds the single crystal data selected in the Crystal list as one 
of the component crystals. 

Del. cryst Deletes the currently selected component crystal. If only a 
single component crystal name exists, it cannot be deleted. 

Total ratio Shows the sum of the ratios of crystals composing the solid 
solution. 
If this value is not “1.000000,” the data cannot be changed. 

Elastic stiffness Opens the dialog box to enter the parameters for elastic 
constants. 
The elastic constants must be entered when the value for Relax 
in the Crystal information dialog box have been entered. 

 

Lattice constant Shows the lattice constants of the solid solution. 

Renew Updates the selected solid solution data. 

Revert Cancels the data update and restores previous data. 

Close Closes the Input panel dialog box. 

 CAUTION: The changed solid solution data will not be reflected until 
you click the OK button in the Crystal information dialog 
box. 
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4.  About the reciprocal lattice 
The term “reciprocal lattice” may sound like a difficult concept. On the other hand, a “real lattice”, a 
lattice plane with cyclically arranged atoms, is a concept that’s perhaps easier to understand. This 
chapter explains the basics of the reciprocal lattice and provides important information about how it 
can be useful when performing measurements. The chapter also describes how the simulation 
software uses the reciprocal lattice and how it is used in data analysis. For detailed explanations and 
descriptions of the reciprocal lattice itself, please refer to the list of references provided at the end of 
this manual. 

 

4.1  About reciprocal lattices – significance and features of the reciprocal lattice 
concept 

Generally, a thin-film sample has orientational structures or exhibits single crystal growth 
(epitaxial growth) in a specific direction closely aligned with the direction of substrate crystals. To 
measure and analyze diffracted x-rays from such a sample, a knowledge of crystallography and 
orientation is required. 

For example, when 2θ/θ scans are performed with a Si wafer sample, many people often obtain 
diffraction profiles that are completely different from those of powder samples, and these profiles 
may have single or no peaks. Since a Si wafer is a single crystal sample, the orientation of a lattice 
plane contributing to diffraction must be treated differently from when dealing with a powder 
sample. 

Figure 4.1.1 shows a schematic diagram of the incident and diffracted beams. 

 

Fig. 4.1.1  Side view of a sample during 2θ/θ scan 

 
The x-ray beam incident to the sample and the x-ray beam diffracted by the sample are indicated 
by vectors of equal length, referred to as k0 and kg. Here, they are called the incident x-ray and 
diffracted x-ray (the second is also known as an outgoing or scattered x-ray). 

Sample 

Incident x-ray k0 

Sample surface normal 

Diffracted x-ray kg 

θ θ 
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Next, we connect starting points k0 and kg. The vector representing the difference, g, is defined as 
follows. 

0kkg g −≡ .................................................................................................................. (1) 

Figure 4.1.2 gives a schematic diagram of their relationships. 

 

Fig. 4.1.2  Scattering vector g (1) 

Here, let’s call the g vector the “scattering vector.” 
How do k0, kg, and g change as the goniometer moves during actual 2θ/θ scan? 
As θ in Fig. 4.1.1 changes, the length of g also changes, but its direction remains the same. 
Comparisons of Fig. 4.1.1 and Fig. 4.1.2 indicate a correlation between the two, since the direction 
of the vector g is almost the same as the direction of the sample surface normal. 

 

Fig. 4.1.3  Scattering vector g (2) 

g 
2θ 

Incident x-ray k0 

Diffracted x-ray kg

l 

kg 

k0 

g 
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Next, let’s obtain the length of vector g. 
The following Bragg’s equation is the basic formula used to express diffraction phenomena: 

θλ sin2d= ................................................................................................................. (2) 

λ is the wavelength of the x-ray, d is the lattice interplanar spacing of the crystal sample to be 
measured, and θ is the Bragg angle. For the purpose of measurement, wavelength λ is treated as a 
constant, and Equation (2) above is modified to calculate lattice interplanar spacing d from the 
Bragg angle θ obtained in measurement. 

θ
λ

sin121
⎟
⎠
⎞

⎜
⎝
⎛=

d
...........................................................................................................(2)’ 

To understand what this equation means, let’s draw a line that bisects the angle formed by k0 and kg 

in Fig.4.2.2. Draw a line from the endpoint of kg in the direction perpendicular to the line drawn 
above. The length of the perpendicular line, which is defined as l, can be obtained by the following 
equation: 

2
sinsin 0

g
kk g === θθl ..................................................................................... (3) 

This equation can be restated as follows: 

θsin2 gkg = ............................................................................................................(3)’ 
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Compare Equation (2)’ and Equation (3)’. We can appropriately express the diffraction conditions 
by expressing the lengths of k0 and kg using the reciprocal numbers of the wavelengths and vectors 
having lengths equaling the reciprocal number of lattice interplanar spacing d being measured. 
Using reciprocal numbers is the difficult part, and this is the origin of the term “reciprocal lattice.” 

Evaluation of a sample based on x-ray diffraction means using x-ray beams as an incident probe to 
evaluate the position, spread, and intensity of the reciprocal lattice vector g specified by incident 
vector k0 and diffraction vector kg. Note that the direction of the reciprocal lattice vector g indicates 
the direction of the normal line of the crystal lattice plane being measured. 

Therefore, in the case of the Si wafer sample mentioned at the beginning of this chapter, we 
observe a peak in 2θ/θ scanning if the surface and the crystal lattice plane are parallel. However, in 
a sample in which the lattice plane is inclined from the surface during a manufacturing process, the 
directions do not match. As a result, the diffraction conditions are not met during 2θ/θ scanning, 
and no peak may be observed. 

In an actual sample, crystals are composed of atoms or molecules arranged three-dimensionally in 
an orderly pattern. To express orderly cyclic structures, we classify samples into seven groups 
called “crystal systems.” When repeated patterns are expressed with a set of vectors, a, b, and c, the 
basic vectors of the corresponding reciprocal lattice are indicated by adding an asterisk (*), as 
shown below. (Vc indicates the volume of the unit cell of the crystal structure.) 

c

*

V
cba ⊗

= 、
c

*

V
acb ⊗

= 、
c

*

V
bac ⊗

= ................................................................... (4) 

At first glance, Equation (4) appears quite complex. But if the basic axes of crystals in several 
crystal systems with different crystal structures are mutually perpendicular, this equation simplifies. 
For example, for a cubic crystal system with high symmetry, we can use the following equation 
(5): 

a
a

a
a* 1

= .................................................................................................................... (5) 

Again, Equation (5) appears complex, but it simply states that the length of a* equals the reciprocal 
of the absolute value of a, and that the direction is identical to that of a. 
A diffraction peak is expressed with reflection indices (h k l). Using these indices and the basic 
vectors, a*, b*, and c*, of the reciprocal lattice, we can express the scattering vector ghkl as follows: 

*** cbag lkhhkl ++= ................................................................................................... (6) 
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4.2  Tips on diffraction space simulation and actual examples 

In the previous sections, diffraction phenomena exhibited by crystals in which atoms or molecules 
are arranged in an orderly three-dimensional pattern are expressed using reciprocal lattice vectors. 
However, it is difficult to represent three-dimensional figures and arrangements on 
two-dimensional paper. In the diffraction space simulation, only distributed reciprocal lattice points 
(reflections) are displayed on a two-dimensional cross-sectional plane in the three-dimensional 
space (called “reciprocal lattice space”. To match this display to the arrangement of an actual 
sample, we select the following orientations to establish a correlation between the actual sample 
and the reciprocal lattice. 

1. Crystal axis that corresponds to the sample surface normal 

2. Crystal axis that corresponds to the incident x-ray beam when a sample is mounted 

 
Next, consider a Si (001) wafer sample mounted in such a way that the [110] axis aligns with the 
direction of the incident x-ray. 

 CAUTION: According to crystallographic rules, indices are indicated in 
( ) to express a lattice plane, while indices are placed in [ ] 
to express an axis. Si belongs to the cubic crystal system 
and is expressed with crystal axes of a = b = c, α = β = γ = 
90°. Therefore, it is acceptable to describe it as (100) or 
(010). However, the axis corresponding to the c axis is 
conventionally expressed as the direction of the sample 
surface normal. When the c axis is described as the 
direction of the sample surface normal, the direction of the 
incident x-ray is perpendicular to the c axis. Hence, it is 
described as [110], not [011]. We can also write it as [1-10] 
or [-110]. 
In the case of a Si (001) wafer, a portion of the outer circle 
of a wafer is straight (this is called the orientation flat) so 
that the interplanar direction can be distinguished. The 
direction perpendicular to the straight line is posited as the 
[110] axis by generally accepted rules. 
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Figure 4.2.1 shows the simulation result of the distribution of reflections in the direction selected as 
described above. 

 

Fig. 4.2.1  Result of diffraction space simulation of Si (001) sample 

 
Reciprocal lattice points (reflections) are shown distributed on a semicircle representing the cross 
section. Gridlines are shown for convenience in locating reflections. Imagine that the sample is 
located at the origin of the semicircle. In the previous discussion, each semicircular grid line is 
equidistant from the origin and indicates a constant 2θ. Although these lines are drawn for equal 
intervals of 2θ (which has been specified in the Simulation Settings dialog box), these intervals do 
not appear to be equal in reciprocal lattice space. The radial grid lines (spokes) indicate direction. 
Among the spokes shown in Fig. 4.2.1, the perpendicular line is almost the same as the sample 
surface normal. 

Since the maximum angle for 2θ is 180°, the Bragg’s angle θ cannot be greater than 90°. Given this 
condition, we can restate Equation (2)’ as follows: 

( )λ121 ≤d ................................................................................................................. (7) 

The above equation gives the following: 

d≤2λ .................................................................................................................... (7)’ 

This indicates a lower limit for measurable lattice plane intervals corresponding to the radius of the 
semicircle. 
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4.2.1  Measurement of a symmetric reflection 

Next, consider a measurement of the Si (004) reflection. 
When you click on a reflection in the diffraction space simulation, you obtain a display similar to 
the one shown in Fig. 4.2.2. Close comparison of Fig. 4.1.1 and Fig. 4.1.2 will give you a visual 
grasp of the matters discussed to this point. 

Figure 4.2.2 contains a blue circle with a radius of 1/λ, positioned inside the semicircle and 
touching the outer boundary and the origin of the semicircle. Its center is rotated to an angle 
equivalent to ω, the rotation angle of the sample. Called an Ewald circle, this circle is important 
when discussing diffraction conditions in reciprocal lattice space because drawing this circle with 
k0 and kg (which have lengths 1/λ) as its radius expresses diffraction conditions geometrically. 

 

Fig. 4.2.2  Diffraction condition of Si (004) reflection 

 

Sample

Incident x-ray Diffracted x-ray

ｋ0 

ｋg 

ｇhkl 
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For example, consider a rocking curve measurement (2θ fixed, ω scan). 

The purpose of this measurement is to measure the spatial distribution of the intensity of a specific 
reflection. Since 2θ is fixed, the angle formed by k0 and kg is also fixed. In addition, ω scanning 
results in the movement of the center of the Ewald circle. Figure 4.2.3 shows the path of the 
movement of the center of the Ewald circle. Since 2θ is fixed, it is easy to see that concentric 
circular arcs are formed and the intensity distribution at the path drawn by the endpoint of the 
reciprocal lattice vector can be measured. Spatial distributions obtained by this type of rocking 
curve measurement, using an axis very close to the sample surface normal are often used to 
evaluate crystallinity. 

Tip: In recent years, rocking curve measurements have sometimes included 2θ/ω or 

ω/2θ scans across a relatively narrow range. The difference between 2θ/ω and 

ω/2θ scans is the axis used to express the axis measurement range. In 2θ/ω 

scans, the movement range of the 2θ axis is selected. In ω/2θ scans, the 

movement range of the ω axis is selected. 

 

 

Fig. 4.2.3  Goniometer movement in rocking curve measurement of Si (004) reflection  
and interpretation in reciprocal lattice space 

 

ｋ0

ｋg
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Let’s consider another movement. Imagine a measurement in which ω is fixed and we perform 2θ 
scanning. Since ω is fixed, k0 is also fixed, as is the center of the Ewald circle. But since 2θ varies 
for scanning, the path drawn by the moving kg must be examined. As you see in Fig. 4.2.4, this 
path runs along the circumference of the Ewald circle. 

 

Fig. 4.2.4  Goniometer movement in 2θ scanning with fixed ω  
and interpretation in reciprocal lattice space 

 
Incidentally, 2θ scanning with fixed ω does not result in a path that extends from the center in a 
radial direction in reciprocal lattice space. This means the measuring direction changes as 2θ 
moves. 

ｋ0

ｋg
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4.2.2  Measurement of an asymmetric reflection 

Next, consider a measurement of the Si (-2-24) reflection. 

 

Fig. 4.2.5  Diffraction condition of Si (-2-24) reflection 

How is scanning performed along the radial line connecting the Si (-2-24) reflection and the origin 
of the reciprocal lattice space? To examine this question, let’s consider Fig. 4.2.2 once again. 

In Fig. 4.2.2, when the sample rotation axis ω and the detector’s moving axis 2θ move at a travel 
distance ratio of 1:2 (called 2θ/ω scan), the path becomes a line running along the radius 
connecting the origin and the Si (004) reflection point. In the same way, to measure the Si (-2-24) 
reflection, move the goniometer axes to the positions which meet the diffraction condition, and 
then perform linked scanning with a travel distance ratio of 1:2 using ω and 2θ as references, 
respectively. 

Let’s examine this from a different perspective. In Fig. 4.2.5, the line connecting the Si (-2-24) 
reflection to the origin and the line connecting the Si (004) reflection to the origin theoretically 
form an angle of 35.26°. This means that scanning was performed in a direction inclined 35.26° 
from the axis that lay along the sample surface normal. The 2θ angle of the Si (-2-24) reflection is 
88.028°. Shifting ω (the sample rotation angle and inclination angle) from half the above value (θ = 
44.014°) makes it possible to capture the Si (-2-24) reflection. In doing so, we can add or subtract 
the inclination angle. 

°=−= 77.826.35θω .............................................................................................. (8-a) 

°=+= 27.7926.35θω ...........................................................................................(8-b) 

The sample rotation angle ω shifts significantly from θ, which is half of 2θ. The reflection 
measured in this way is called an “asymmetrical reflection.” Two configurations are possible for 
measurement of a reflection with shifted ω. When θ > ω as in Equation (8-a), it is called a 
“low-angle incident, high-angle exit configuration.” When θ < ω as in Equation (8-b), it is called a 
“high-angle incident, low-angle exit configuration.” 
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We have used the somewhat vague phrase “almost the same as the sample surface normal.” In 
actual samples, there is a very slight deviation between the processed surface and the crystal 
surface, or they are displaced intentionally. This deviation is called an “off-cut (or mis-cut).” The 
off-cut causes sample rotation angle ω to deviate from half of 2θ. Therefore, we must ensure peak 
position accuracy by performing an ω scan in order to capture a reflection. 

Lastly, we discuss the coordinates used to express reciprocal lattice space. 

In the previous sections, radial and circumferential grid lines were used to represent directions in 
reciprocal lattice space, in reference to the sample rotation angle ω and diffraction angle 2θ. On the 
other hand, in Section 4.1 we introduced the concept of reciprocal lattice vectors to describe 
reciprocal lattice points (reflections). 

In analyses of actual measurement results, using an orthogonal coordinate system may permit 
clearer discussion than using concentric circular coordinates. Using the example shown in Fig. 
4.2.1, let’s draw an orthogonal coordinate chart for each of the horizontal and perpendicular 
directions (see Fig. 4.2.6). 

When the axes in the horizontal direction and the perpendicular direction are named //q  and ⊥q , 
respectively, we can obtain the values for //q  and ⊥q  from the values of 2θ of the reflection 
measured and the value of ω by using the following equations: 

( ) ( )ωθθλ −= 22sin22sin2//q .......................................................................... (9-a) 

( ) ( )ωθθλ −=⊥ 22cos22sin2q ..........................................................................(9-b) 

When the given coordinate system is used to indicate the coordinates of each reflection, it 
conveniently allows separate discussion of the sample in the interplanar direction and the surface 
direction. 

In an epitaxially grown thin film, the thin film lattice is constrained by the substrate lattice, in some 
cases potentially resulting in elastic deformation. When this happens, the film lattice takes the 
same values in the //q  direction in the coordinate system, matching the substrate lattice, which 
results in expansion or constriction of the same degree in the ⊥q  direction. The measurement 
performed to evaluate this condition is called a “reciprocal Space map (RSM) measurement.” It 
measures the intensity distribution in a region on a certain cross section of the reciprocal lattice 
space. 
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As explained thus far, RSM measurements allow analysis of deformation and distortion in epitaxial 
thin films, but are essential for correctly aligning the substrate and thin-film lattices in the ⊥q  
direction. 

There are cases where thin films may have complex domains showing multiple crystal orientations. 
This happens when a thin-film material with a low level of crystal symmetry is grown on a 
single-crystal substrate, or when the crystal structure of the thin film differs from that of the 
substrate. To analyze the directions of such domains, first enter the predicted directional 
relationships in the Crystal information dialog box, then examine the reflection positions 
predicted by the diffraction space simulation software. Based on these predictions, you can then 
determine the appropriate scan ranges for your RSM measurement. Following the RSM 
measurement, you can analyze the accuracy of your predictions by comparing the real (RSM 
measured) and simulated reflection locations. 

 

Fig. 4.2.6  Result of diffraction space simulation 
for measurement of Si (-2-24) reflection and q coordinate system 

 

//q  

⊥q  
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